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I. INTRODUCTION AND STATZMENT OF FACTS 

A. Initial Sita Selection. 

Since the mid-1950'•, the fed•ral qovernment haa been 

exploring solution• to the national problem ot nuclear vaate 

disposal. Th• davelopmant ot t.ha waste IIOl&t1on Pilot Plant 

(WIPP) ia the raault of a lon9 and thorouqh ••arch tor a research 

tacility in which to e)\uine and damon•trata th• a'ata, lonq•tena 

manaqement ot Oepa~tment ot !nerqy c•oog•) detense-9eneratad 

rad1oact1va waate.1 Initial laboratory re1earch identitied 

bedded salt aa a deairable qaolo9ic medium for nuclear waa~e 

dispoeal, and a nationwide aearch tor a suitable salt repoaitory 

site commenced. By the mid-1970'•, acienti&ts had foeueed their 

raaaarch on tha t.h!c~, 200 million year-old salt bed• 20 miles 

eoutheaat of Carlsbad, New Mexico. (Adlllin. Rae. IV.J.: II.I. 

(PP• 2-S to 5-15); II.E.(pp. 4-S to 4-73). Today, WIPP liea one

halt mile ~alcw the Earth'• •u•tace in thoae aalt beds. 

WIPP waa daaiqnad and constructed as a atata-of·the•art 

research and development tacility, •poeitieally to invastiqat• 

sate disposal for conventional trash--ilaeawara, rags, disposable 

protective clothinq, toc11, etc.--and solidified wastewater 

e:ludqaa which havo b•en contaminated by radioaetiva elements 

durin9 varioue detenae proqr~m laboratory and manutacturin9 

proce&sea. The type ot contaminated waate to be examined at WIPP 

lThi• auit by the State ot New Maxieo i• yat ~nothar in a 
lonq 11ne ot caaea where attempt• are made to prevtblt DOB from 
tindin' aolutiona to the aerioua problem ot lon9-t'nn disposal ot 
DOE'• d6f•~·•-rtlAtAa ~UelAA~ WAR~A. 
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!a termed •tran.uranic• (•TRo•) waate. There are two typea of 

'l'RU waata. Th• tirat .mits only alpha radiation. Alpha 

particle• may be blocked by a •intl• sheet of paper •. Th••• 

alpha-emittinq torma ot TRl1 waste ar• referred to aa •contact

handled• (•CH•) 'l'RU waate. CH•TRU waata ia packaqed and handled 

in sealed 55 ~allon ateel druma. Th• aacond type ot TRU waata 

emit• beta and gamma radiation, which require• lead ahialdinq, in 

addition to alpha radiation. It ia handled and transported in 

lead aaaka and !1 referred to •• •remote-handled• (RH) TRU waste. 

(Admin. Rec. II.I (pp. S-3 thru 5-5)1 II.I. (pp. 2•1 and 2-9).) 

Only CH•TRU wa&te will be &hipped to WIPP durinq the teat phase. 

(Ad.min. R•c. II.E.(pp. 2•14): IV.R1 and I.D.) 

8 •. Early Dato Colloetiop,. 

In 1976, aotin9 upon an application tor land withdrawal 

tiled by the !nerqy Research and Development Aclminiatration 

(•EROA•), the Bureau of Land Manaqemant c•aLM•) se9reqated, for a 

two-year period, •om• 17,200 acre• of aouthaaatarn New Mexico 

land containin~ ealt depoaita from public entry to provide 

acientiete an opportunity to begin etudyinq the •ite 

charaet•ri•ti~•. 41 Fad. Ra;. 54,994 (Dec. 16, 197,). In 1978, 

baaed upon promiainq data from these initial studies, tha 

Department of Energy (•J)()z•), ae aucoe•aor to ERDA, applied for 

and received a two-year exteneion of the seqreqative period in 

ordar to continua preliminary atudiaa throu;h 1980. 43 Fad. Req. 

53,0G3 (Nov. 15 1 1'71). 

- 2 -
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By mid-1978, DOE had amassed autticient data to ~O<Jin 

an examination of the environmental impacts ot commancinq t.h• 

phaaed development ot the WIPP in th••• New Mexico aalt beda. 

Pursuant to the requirements ot the National !nvironment&l Policy 

Aet of 1916 (•NEPA•), DOE puhlishad a draft environmental impact 

atatement in April 1979. iAa Notie• of Availability of Draft 

BIS: 44 Fed. Req. 23117 (April 18, 1979)1 Notice ot Public 

Hearinq•: 44 Fed. Req. liola (June 4, 1979); Supplemental Notice 

ot Extension of Public Comment Period: 44 Fad. Req. 38620 (July 

2 1 1979)1 Supplemental Notice ot Additional Public Hearing•: 44 

?ed. Re9. '1848 (Sept. s, 1980). 

c. Llaislatiye Authorization. 

Congraa•, maanwhil•, had bean followinq ~ha praliminary 

atfort• of the DOE to explore the suitability of the New Mexico 

•alt ~•d• ae a •olution to TRU waste disposal. In O.ce~er 1979, 

Conqres• enact•~ Putllic Law 96-164, section 213 of which 

aut.horizad WIPP for t.h• axpr••• purpoaa or providin; a research 

and developmen~ facility to demonstrate the aate diepoaal ot 

radioactive waate• reaultinq trom federal defense activities and 

proqrams. ~ Department ot Energy National security and 

Military Applications ot Nuclear Enarqy Authorization Act of 

1980, Pub. L. No. 96-164 1 I 213, 93 Stat. 1259, 1265-'' (1g19). 

The Act's legislative history reflect• Conqresa' balancing ot a 

dasira to pracluda th.a State of New Mexico from af fact1vely 

vatoinq a project of aueh national importanca, while •till, at 

the aame time, plaoin~ New Mexico in a position wh!re it• 

- 3 -
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le9itimate concern• with r••pect to health and aatety would be 

re•pon•i~ly addres•ed. (Admin. ~ec. IV.M.; IV.N.1 and IV.O.) The 

balance waa atruck by addinq lanquaqe to the Act provi4inq tor 

the ooneultation and cooperation of the 002 with Nev Mexico 

reqardin9 public health and aatety concern•• 

D. canaultat1on end Cogparotion With New Mexico. 

Conqr•••' direction to DOI in P.L. 9&·1~• to consult 

and cooperate with Nev Mexico aa to both DO!'• respect for the 

State's stake in the project. and the qreat importance placed by 

DOE on davalopinq tha WIPP in cooparat1on with t.he state. F1va 

month• prier ~o the enact=ent ot P.L. os-1s•, DOE Aetinq Under 

secretary John Deutch teatitied b•fore a •ubaommittee of the 

House Armed Services committee that cooperation with Nev Mexico 

in undartakinq th• WIPP Projact waa absolutely eeaential. 

(Adain. R•c. at IV.P. (pa9e 5).) In tact, one year earlier, in 

1978, DOE hAd bequn to fund the •znvironmental £Valuation Group• 

c•!tG•), an entity who•• charte~ was to provide an independent, 

cr1t1ea1 appra1aa1 or th• anvironmantal, health and satety 

impact• ot the WIPP Project on bcahalt of th• state and it• 

citizens. Although funded by DO!, the EEC tunotioned, and 

continue• to tunction today, •• an adjunct ot the state 

9overnmant. Tha EEG currently rorma11y reports directly to the 

President ot the New Mexico Institute of Mining and Ta~hnology • 

.s...t National Detenae Authorization Act, Fiacal Year 1989, Pu.b. L. 

No. 100-456, sect1on 1433, 102 stat. 1918, 2013-74 (1988). 
~ . l 

- 4 -
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Durini 1980, pur•uant to the direction ot P.L. 96-164, 

DOE workad with EEG and state representatives in an effort to 

ne9otiata a written a9reement tor eonaultaticn and eoop•ration. 

Also durinq 1980, while neqotiations with the State were 

underway, the DOE prepared and pUblished the final EIS c•r!IS•) 

tor WIPP. 45 Fed. Raq. 70,539 (Oct. 24, 1980), (1dmin. Rae. at 

II. I.) Finally, bam•d on the data 9athared to that data, th• 

DOE in late 1980 tiled a third land withdrawal cpplication with 

DOI to withdraw l0,200 acres of land in southeast New Mexico for 

ei9ht years to conduct aita and pr•liminary desiqn validation 

atudiea. 

In early 1981, the DOE issued it• Record ot Decision 

(•RoD•) on tha FEIS. The Department determined in the ROD to 

proceed with the phaaad davalopmant ot the WIPP as a potential 

repository tor the TRU vasta stored ct the Idahc National 

Enqineering Laboratory and other nationGl defense facilities. 

Tha DOE &tated it• intent to tirat conduct a formal site and 

Preliminary Deai9n Validation (•SPDV•) proqram, followed by the 

phased construction and eventual operation of the WIPP. (Admin. 

Rec. II. K.) In m1d•l981, DOE began drillinq a 12-toot-diameter 

exploratory •haft at the WIPP aite. 

In May of 1981 1 the breakdown of negotiations b•~ween 

DOE and state representative• for a eon•ultation and cocp•ration 

aqreement led Naw Mexico to file suit aqain•t the 00! and th• 

Department of tha Interior. (Stott gt New Mtx1so y. DepartJJlant 

pf Jntrf1Y and P~partm•nt of th• Int•r!or. •t al., br No. 81-0363 

- 5 -
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JB, consolidated with Citizens fgr Bodioactive pumpin9. Inc. y. 

peportment gt the Interior. et al •• c:v No. 81-0207 JB). The auit 

was resolved en July 1, 1981, with a St1pulatad Aqreemant and the 

execution ot an Aqreement for Consultation and Cooperation 

Between the oepa~ment ot Enarqy and th• State ot New Mexico on 

the Waste Isolation Pilot Plant (•c' C Aqreemant•), (Admin. 

Rao. V,J, and v.x.) 
Article IX of the C ' c Agreement provided for a 

conflict resolution process in the event that DOE tailed to 

address any ot the state'• public haalth and aataty concerns ~o 

the State's satisfaction. Durin~ th• tan yaara in which the c ' 

e Aqreement has been in place, New Mexico ha• never invoked the 

conflict resolu~ion process ·- a testimony to th• DOE'• 

commitment to addraaa and ra•olv• the State's concerns reqardin9 

the •afety ot the WIPP projeot to the aatiafaction cf th• State. 

(Since 1981, the DO! and the State have negotiated two 

modifications to the c i c Aqreement, have discussed a propo&ed 

third modification aince late 1990 tor financial impact 

aeaiatance paymanta to th• State, and have entered into a 

supplemental Stipulated Agreement to address the State'• concern• 

on is•u•• of liability, amerqancy re•ponsa prepare4neaa, 

~anapoi-tation aafety, and •nvironmantal monitorin9. (Ada1n. 

Rec, V.F.1 v.H., V.A., and V.K., reepectively.) 

on July 10, 1981, nine day• attar New Mexico and DOE 

entered into the St!pulatad Aqr••ment and the c ' c Aqraement, 

aeveral enviro~antal intara•t qroupa (Southweat Rjaearch and 

- 6 -
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Intormation Center, et al. (•Southweat Research•) filed suit 

a9ain•t the DOE and tha DOI alleqin; that both Federal Land 

Policy K~nagement Act (•rLPMA•) and National Environmental Policy 

Act (•N!PA•) violations. On December 3, 1981, the court denied 

Southw••t Raaaarch'a request tor a preliminary injunction, 

declaring th• FiIS to be adequate. 

!. Administratiya t,and Withdrawal. 

In early 1982, 81.M acted upon DOE'• 1981 land 

withdrawal application ~y 1ssu1nq Pul)lic Land Order 6232, 

withdrawinq 10,200 aero• tor tho purpoaa of tacil1tat1nq site 

characterizaticn and preliminary design studiaa. 47 Fed. Re9. 

lJ,J40 (Mar. JO, 1982). In January 1983, DOB made application to 

BLM to withdraw the 10,200 acre WIPP site to permit the eventual 

eommaneamont of t.he construction phasa ot t.h.a WIPP project. 

DOE completed the Site and Preliminary Deeiqn Validation (•SPDV•) 

phase of the WIPP project. in March of 1983. (Admin. Rec. IV. 

DDD.) In co1111nantinq on tha WIPP•DOE•l61 SPDV Report, the EEG 

oonoluded that • ... t.ha Loa Madanos site for the WIPP project hal 

been characterized in •~ff icient detail to warrant confidence in 

the validation ot the site tor the permanent emplacement of the 

approximately ' million cubic teat ot defense transuranic wasta.• 

(Admin. Rec. IV. !!! 

on June 29, 1983 1 the BIM acted upon DOE'• January ig12 

land withdrawal application by 1ssuinq Plll)lic I.And Order 6403, 

withdrawinq th~ requested acreaqa tor tha purpose ?f the 

con•truction ot the WIPP faoility. 48 Fad. Re9. 3{,038 (July 7, 

- 7 -
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1983). DOE commenced the construction ph••• of the WIPP project 

in mid•1013. 

A• facility conatruotion -- and th• 1013 withdrawal •• 

neared an end, DOE in January 1919 made an application to the BI.II 

tor an extenaion and modification ot ~• withdrawal in order to 

begin the project Te•t Ph&••· (Admin. Rae. I.R.) Also, in 

January 1919 1 DOE aaked BLK to become a cooperatin9 agency on the 

WIPP S!IS. CA4m1n. Rec. I.8.) DO!'• application for 

modification and •xtension of P.L.o. 6403, a pre-existinq land 

withdr~wal, va• tiled with BtM New Mexico state Director'• Ottica 

on April 71 1989. BLM ~ecame a ~ooperatin9 aqenoy on the SEIB, 

and adVile4 ~ha pUblic that it would apply the comment• received 

during the SEIS procasa to 1~• review of DO!'• 1989 land 

withdrawal application. (Admin. Rec. XIII.) 

DOE pre•ented th• draft supplement to th• igao FiIS to 

the pUl>l1c in April ot 1989, (•draft SIIS•). (Admin. Rae. II.L.) 

DOE diatributed 2,000 copi•• of ~· draft S!IS, provided a 90 day 

puolio comment p•riod, and hald public hearinqa in nine location& 

nation-wide. DO! issued a thirteen-volume final Supplement to 

~ha 1980 FEIS (•FS!IS') on Fe~ruary Z, 1990. (Admin. Rec. II.!.) 

In 3una 1090, BLM adviaad DOI that DOE'• 1ggo FSEIS adaquately 

addressed the environmental impact• aaaooiated with the 

mod1tication and extension of PLO 640l tor the WIPP Teat Ph•••· 

(Admin. Rec. II.H.) 

Havin~ conaidered and raaponded to t:.ha 01a1 comments Of 

nearly 1,000 apeak•r• and to written comments tota!1inq 9,000 

• I • 
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paqea, DOE, in it• Record ot Deciaion on the FS!IS, determined to 

continue the phased develcpment ot the WIPP by proceedinq with 

the Test Phase. 55 Fed. Req. 25,689 (June 22, 1990). In 

September 1990, SLM published ita Record ot Decision as a 

cooperatinq aqency on the FS!!S. BLH adopted DOE'• proposed 

action ot proceedinq wi~h the phased development ot the WIPP by 

conductinq a Test Phase. 55 Fed. Re9. 38,584 (Sept. 19, 1990). 

In November 1990, BLM amended ita ROD to atipulate that no waste 

could be brouqht to WIPP tor the Teat Phase experiments until 

DOE certified that it had met all applicable environmental 

permittinq requirements. (Admin. Rec. I. N.) 

on January 22, 1991, the Department of the Interior 

(•oor•) iasuad PUblic Land Order 6826, which moditied Public Land 

Order 6403 to permit the conduct of a test phase uainq contact

handlad TRU waste at th• WIPP 1ite. PUbl!c Land Order 6826 

further provided that, upon certification by DOE that all 

applicable environmental laws and requlations had bean complied 

with, DOI would issue a notice to proceed with the Test Phase. 

56 Fed. Req. 3038 (Jan. 29, 1991). 

On October 3, 1991, Secretary of Energy Watkins 

certified to Secretary ot the Interior Lujan that all 

environmental permittinq requirements had bean met. (Admin. Rec. 

I.B.) On the same day, DOI issued its Notice to Proceed with th• 

Test Phase. (Admin. Rao. I.E.) Upon receipt of the Notice to 

Proceed, DOE ad~ised the State of New Mexico on Oc,ober 3, 1991, 

that the first shipment of CH-TRO waste could reac! the WIPP sita 

- 9 -
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as early as October 10, 1991 tor use in the Teat Pha•e. (Admin. 

Rae. I.F.) 

F. 'Ill• Teet Phase. 

During the SPDV and construction pha••• of the WIPP 

project, from 1976 tc the present, DOE and it• contractor• 

intensively and ayatematically designed, conatructad, teated and 

documented the WIPP facility in preparation for the next pha•e ot 

the project, the Test Phase. Th• massive amount of data 

qenerated during thi• nearly twenty years ot research has been 

analyzed extensively in scientific reports. (Admin. Rec. IV.L.; 

IV.K.) Thia detailed data has guided and informed the DOE's Teat 

Phase. 

There are two primary objectives of the Test Phase: 

(l) to qather scientific data that will enable the Secretary ot 

Energy to determine whether WIPP will comply with the 

Environmental Protection Aqency's (•!PA•) regulations for lonq

tarm disposal tor radioactive waste12 and (2) to demonstrate the 

ability of DOE to safely manage TRU mixed waste throughout a 

vertical system (from etoraqe aitea, through the transportation 

system, throuqh emplacement at WIPP) in accordance with all 

applicable regulatory requirements. (Admin. Rec. IV.R.) Tha 

WIPP Test Phase describes and identitie• the key activities tor 

the Test Phase. It will ba revised and updated periodically 

throughout th• Test ~haaa. In more particular detail, scientist• 

2some docu~ents reter to demonstrating compli4nca with !PA 
disposal standard,s: it 11 more technically accurat• to speak of 
determining compliance with EPA disposal regulations. 
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a~ Sandia National L&boratorie• have prepared two tea~ plan 

document• dotailinq th• methodoloqy tor the tir1t type ot Teat 

Pha•e experim~nta, the dry bin•aeale teata. (Ad.min. Rec. IV.B. 

and IV.QQ.) 

DO! ha• committed to tha State of New Mexico, to !PA 

and to BUI that all of the experimental waat• will remain fUllY 

retrievable throughout the Teet Phaae. (Adlnin. Rec. at V.X.) 

(State: C 6 C Aqreament, Appendix 8 •workin~ Agreement tor 

Cooporation and Consultation• at pp. 14•15: EPA: No-Migration 

Determination, ss Red. R•~· 47,?00 at 47,719, Admin. RAC. at 

III.OJ BU!: Admin. Rec. at I.R.1 P.L.o. 6826). DOZ ha• prepared 

a plan detailinq the retrieval processes that will be implemented 

it a decision i• made at any tima durinq ~he Test Phase to 

retrieve the va•te. (Ad.min. Rec. IV.JJ.). 

G. ~tpbility cf Underground Tegt Sooma. 

To assure ~hat the T••t Phase wa•t• would be retrieved, 

DOE convened a panel of qaotaehnieal axparta who were required to 

provide an indapand•nt assessment of tha lif o Axpactaney of the 

underqround test room• located in an area referred to aa •Panel 

1.• ourin; the month ct April l9tl, thi• qroup of eleven expert• 

examined the WIPP underground araa, wara briefed ~y project 

technical personnel, and reviewed project mininq and anq1neerinq 

data. The panel made certain recommendations that DOE 

implamantad. The revised •UPPOr1: system new ensures that wa•t• 

can ba aaf ely t~stad in the Panel 1 room for a m1n~mum period cf 

seven-years. 1. 
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To a11e1s the validity of the supplemental support 

ayatem d••i9n, the DOE, in Septambar 1991, convened an 

independent External Oeei9n Review Panel composed of t~va axpart• 

in rock mechanic•, one repreaentative each from industry, tha 

u.s. Buroau ot M1naa, th• federal Mine satety and Health 

Aclainiatration Technical Center, academia and tram an indepen4en~ 

design firm. The External Deei9n Review Panel reviewed the 

support system desiqn documents, made on-ait• ob••rvation• at th• 

WIPP, and had detailed discussions with the syatem design team. 

(Ad~in. Rec. IV.C) The Panol concluded that the supplmnental 

support ay&to.m will p•cvide a useful life of at leaat aaven years 

trom tha time that the qround support design i• installed. 

Admin. Ree. IV.e, IV.C•l and IV.II. (Sapt. 19, 1991). In 

reachinq thia.concluaion, tha Panel made aaveral obaorvationa and 

reccmmendationa to enhance the overall de•iCJn, all of which w•r• 

incorporated into the daa1qn to the satistaction ot the Panel. 

(Adain. Rae. IV.C. and IV.D.) 

H. Bomalotory Complionoe with H1zardou1 Wasta I.AW•· 

WIPP will be subject to numerous law• and reCJUlationa 

durinq th• T••t Phaae. (Adm1n. Rec. II.!.). Particularly 

relevant to th• commaneement of th• Taat Phaaa ar• DOE's 

compliance with the •land ban• provisions ot the R••ourca 

consarvat1on and Recovery Act, 42 o.s.c. I 6t01, .IS .IASI• 

(•Re~•) and with tha Nev Mexico Hazardous waste Act, N.M. stat. 

Ann. 5 74•4•1, al !.!Sl· (Michie 1991) (•ffMA•). 

- 12 -
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Amendmont1 to RCRA in 1984 prohibited thl continued 

land dispo&al ot certain •hazardous wastes• unleaa tho•• waate• 

meet treatment standard& specitiad by EPA or EPA determines that 

the prohibition ia not required in order to protect human health 

and th• environmont.3 RCRA ••ction l004(d)(l), '2 u.s.c. I 

6924(d)(l). Thi• second determination auat b• baaed on a 

damonatration by the owner/operator ot the tacility •that there 

vill be no miqration of hazardoua constituents trom the di•poaal 

unit or injection zono a1 lonq aa th• wastes ramain hazardous.• 

DOE damonatratad to EPA that no hazardous constituent• 

in the teat Wasta would mi~rata from t.ha WIPP tac1l1ty durinq the 

Te•t Phase. To make this datentination, 00! submitted an eiqht 

volume •No Miti9ation Variance Petition• to EPA in Karch, 1989. 

(Admin. Rec. III.S.) !PA pertormed a viqoroua technical reviev 

of th• Petition, eonaidarin~ more than 400 comments, batore 

makinq a •conditional No-Mi9ration Determination• tor the WIPP 

Test Phase in November, 1990. 55 Fed. Re~., 47700 (Nov. 14, 

1ggo) • Th• No•M1qrat1on oaterm1nat1on is ettective tor a ten

year test phaaa, and speoities, amonq other thinqs, that the 

3A• discussed in greater detail below, the •TRu mixed vaate• 
to be emplaced in WIPP in the Teat Pha1e i• a mixture ot 
radioactive materials requlatad under the Atomic Energy Act of 
l954, which are excepted trom RC!tA, aeetion 1004(27), 42 u.s.c. S 
6903(27), and RCJtA hazardcua aubatane••· Th• resultinq •mixed 
waate• .1a re;ulate4 under RCRA and the HWA. 

4EPA ha• pz-omulqat@d requlation• specityinq tie standards 
and procedure• tor review of no-miqration petition6 at 40 car I 
268.6. 
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waata volume may not axcaad one percent ot the design capacity; 

that the wa•t• muat ba readily r•tr!evabl• dur!nq tha Test Phase: 

that the teat wait• ~e removed if DOE cannot demonstrate 

compliance with long-term no-miqration standard•; and tha~ 002 

muat provide annual writtan raporta on pro;resa ot the Test 

Phase. 55 Fed. Ra9. at 41720-l. 'l'heratore, the •1and ban• 

provisions ot R~ will not operate to delay the T••~ Phase of 

WIPP. New Mexico ~oea not claim that DO!'• operation ot WIPP ia 

precluded by the land ban. 

In addition, WIPP ha• •interim •tatus• under the New 

Mexico Hazardou1 Waite Act, and may operate while it• alraady

s\ll:>mitted permit applications under HWA are bein~ ~onaidered ~y 

New Mexico.5 Any facility mana;inq RCRA-requlated hazardoua 

waste must ordinarily obtain a p•rmit iaaued purauant to RCRA 

••ction 3005, 42 u.s.c. S 6925, or, in a atate suoh aa New Mexico 

with an ~PA-authorized state hezardoua waste mana9em•nt pr09ram, 

pursuant to th• •tats law analoq to that section. Because the 

permit review procaas may be lenqthy, RCRl aection l005 provide• 

that a tacility may operate under •interim atatu•• while awaitin9 

the completion ot the review process, aa lonq a• the facility ha• 

timely submitted Parts A and B or it• permit application. N.M. 

Rav. Stat. Ann. S 14-4-9 of HWA states that faciliti•• which have 

interim status under RCl\A section 3005 will al•o be considered to 

have that statua undar HWA. 

~Th• propo~ition that WIPP ha1 in~eria •tatu1)undar RCRA and 
HWA ia shown in ;reat detail in sect1on VI ot this Briet, intra, 
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In July, 1988, as a result of EPA'• and DOE'• tindinqa 

that radioactive mixed wastes were subject to RCRA, and in an 

effort to provide New Mexico with information raqardinq WIPP, DOE 

submitted a Part A application to New Mexico; New Mexico did not 

act on that application,and returned it to DOE in late 1989. 

In July 1990, the state received mixed waste 

authorization trom the EPA. 55 Fed. Req. 28397 (July 11, 1990). 

On• month later, in Auquat 1990, New Mexico called for the 

submittal of Parts A and B of the WIPP RCRA permit application by 

January 22, 1991 and rebruary 28, 1991, respectively. (Ad.min. 

Rec. III.Q.) DOE complied with this request, submitting the Part 

A on January 2~, 1991, and the Part B on February 26, 1991. 

Ad.min. Rec. III. H., J., L., M., N. With the timaly sl1Dmissiona 

of Parts A and B of its permit application, the WIPP facility 

obtained interim status under both section 3005 of RCRA, 42 

u.s.c. i 6925, and its state law RCRA counterpart, S 74-4-9 ot 

the New Mexico Hazardous Waste Act. WIPP is therefore in 

compliance with RCRA and HWA permitting requirementa. 

I. On-Site Safety Rayiew1. 

In preparation for the Test Pha1e, the DO! not only 

utilized the scientific data acquired durinq the SPDV and 

construction phases of the WIPP project to comply with requlatory 

requirements, but also applied and incorporated the data in 

numerou• internal evaluations of facility safety and Teat Phase 

readiness. (A~in. Rec. IV.!.) Amonq the more im1ortant ot 

these many pre-Test Phase safety efforts, was the donduct of an 
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extensive aafety analysis prcce•a, which be9an with t.he iasuanca 

of a arart aatety analy111 report in February lt89 and culminated 

in the publication of the three-voluma Final Satety Ana1ya1a 

Report (FSAR) in June 1990. (Admin. Rec. IV.H.) The PSAR 

process wa1 cress-checked aqain•t a aepArata satety evaluation 

procesa. (Admin. Rae. IV. ZZ.: IV. AAA.: IV. BBB.; anC IV. CCC.) 

'!'be FSAR repreaenta DOE'• top-level eafe~y commitment• document 

tor WIPP. It •eta torth facility description•, design ba•i• 

operational limits, and safety analY••• ot th• facility •• a 

whola and ot individual structuraa, ayatems and components. Th• 

FSAR doou.ment• that a ayatematic analyaia of the potential 

hazards asaociated with operatini the WIPP ha• ~een perfo:rmed1 

that potential consequences have bean analyzed1 and that 

reaaonable measures have b••n taken to aliminata, control or 

miti~ate the ha1arda. 

Th• PSAR ia a livint document. Durint the Teat Phase, 

it will ~• updated via addenda •• teat phase experiment• are 

proposed that involve unraviawad aafaty questions. TO this and, 

in Auquat 1991, the DO! publi•h•d an rs.AR addendum tor the dry 

bin-scale teat•, th• first set ot underqround experiment• 

proposed tor the Teat Phase. (Admin. Rec. IV. I.) Th• FSAR 

proc••• wa1 complemented and augmented by extanaiva readinas1 

review• and systems checkout• which inoluded evaluation• ot 

atructur••1 mechanical and electrical equipment; employ•• 

traininqJ radio~oqical protection proqrama; emerq~cy 

preparedne•• programs: quality assurance proqram1: ·on-site tire 
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protection: industrial satety: maintenance pro;rama; manaqement 

control•r and vast• manaqement proqram•. (Admin. Rae. IV. E.: 

IV.r., and IV.JJJ.) 

Numerous qroup• actively and productively participated 

in raviavinq WIPP'• FSAR, baqinninq with the pU})l1cat1on ot the 

draft PS.AR in F~ruary 1989 and continuinq throuqh the approval 

ot the FSA.I. Addendum !or ~in scale teat• in August 1991. At the 

raquaat of tha secretary ot Enerqy, the Advisory committee on 

Nuclear racility Safety (1CNFS) conducted a nu111har of reviews of 

wIPP beqinninq in igag. Baaod upon thosa roview•, the ACNFS in 

April 1991 concluded that the dry bin scale teats can be 

conducted aara1y at WIPP and that there are no siqniticant risk• 

to worker•, ~h• public or tha anvironmont. (Admin. Rae. IV. lat.) 

The DOE committed to the ACNFS to traak and resolve all th• 

Committee'• recommendation• regardin~ the safety of eonductinf 

bin tests at WIPP prior to the start ct the Te•t Phase. (Admin. 

Rae. IV. XX.) 

The DO! al•o en9a9ed the EEC fully in the FS.Alt reviav 

process, purauant to the Depart~ent'• commitment to the State in 

Article III ot tha workinq Aqraamant, incorporated into the c ' c 

Aqraamant •• Appondix s. All of tha EEG'• comments on tha TSAR 

were carefully and extensively considered. The New Mexico 

Environmental Improvement Division also reviewed the FSAR on 

bahalt ot the State. ldmin. Rae. IV.E, IV.H. The FSAR, to;ether 

with th• rsAR A~dandWll, ia a statamant and commitm~nt by ~• DO~ 

that WIPP can be operatad aately and at miniawn ri•x. 
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J, Ott-Sita sataty R1yi1w1. 

The 1£.lR and SIR proeaasa1, aa well •• th• raadinaaa 

reviews and ayatema checkout• demonstrate and document that the 

Test Phase at WIPP can ~• conductad sately. In addition to the•• 

on-sit• 1af1ty a•••••m•nta, th• DOE haa alao taken many caretul 

step• to as•ure that tbe 'rRl1 waata chipped to WIPP will b• 

transported eately. A9 part ot the DOE operational readineaa 

review, the transportation system was Checked out, in~ludinq an 

actual ahipment trom th• OOE Idaho facility to WIPP. (Ad.min. 

Rec. IV.F.) At the req\2eat of the State, the DO! a9r1ed to have 

the Nuclear Regulatory CoJllJllis•ion (NRC) certify tor aafety the 

ahippinq container (the TROPACT-!I) 1n Which TRU waate will be 

shipped to WIPP. (Admin. Rec. IV.P.) In March 1989, the DO! 

eU]:)mitted to the NRC the TROPAC'l'-II deeig-n application and th• 

Safety Analyeie Report from Packaqinq (SA!Ut) for the TROPACT-II. 

The TROPACT-II was riqoroualy tested ~Y Sandia National 

Laboratoria•, purauant to NRC test raquiramanta.6 

Th• transportation ayate.m itaelt--the truok traotor• 

and •P•~ially desiqned trailers which will transport the TJitUPACT-

6'l'he wa•t• i• to ~· transported in leak tight at••l bina, 
which are encased Within •~••l 1tandard waate boxea. Th••• boxe• 
are then placed in a double-shelled container called the •TRUPACT 
IX,• highly advanced container• that ta•t• have shown can 
w1~atand severe accident condition.. The container, coatinq an 
aver&i• of $300,000 each, haa been certified by the United State• 
Nuclear Roqulatory eommi&•ion (•NRC•) aa m•e~inq applicable 
satety requirement• tor shipment ot TRU waate. (AclJllin. Rec. IV. 
PP.) Th• NRC certification proc••• ineludad subjeetinq tha 
TRUPACT-II to riqoroua accident teats, inaludinq e1';>oaure to 
signiticant impact, fire and water immersion, whieK ftiqht be 
axpactad in extremely savara accidanta. 
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I%'•1 th• carefully selected and well-trained drivers who will 

man those truck tractors and: th• r•al•t!~a commun1cat1on system 

which will tract th• shipment• a• they travel to WIPP have 

underqone exten•iva aafety and readiness review•. (Admin. Rec. 

IV.7, IV.Q, IV.CC.) Th• DOE W1ll lhi~ TRU waste to the WIPP 

alonq h19hway rout•• ••lacted by tha State Highway Commission tor 

the tranaport of radioaotive materiala. 

The DOE has also provided emergency response training 

to proresa1onals ana volunteer personnel in communities alonq the 

tranaportation route to WIPP. A• ot October 1991, in axoAas ot 

1,000 persons in atatea alonq the WIPP transportation corridors 

have ~een trained in tiret R••ponder, command and Control, 

M1t1qat1on an4 Tra1n-t.he-Tra1ner courses: some 2,100 or those 

were trained in Ne~ Mexico. Approxi~at•ly 280 medical 

proteeeionala in New Mexico have received trainin9 from the 

Radiation Emerqency A••i•tance C•ntar/Traininq Site (REAC/TS) in 

the prov111on or emer;ency me41cal services to tno1e 1njure4 aa a 

result of an incident involvinq radioactive materials. (Ad.min. 

Rec. IV. JJJ.) Thia traininq, toqather with the provision of 

additional funding and certain 8Jllergency medical equipment, is 

provided by DOE pursuant to its commitment in th• supplemental 

Stipulated A9r••m•nt, to asai•t th• state in the area of 

emergency response. 

x. External R•Vi•w Groups. 

DOE has actively souqht tha axpartisa and advica or 
~ . 

numerou• independent 9roupa to •••ure a well-plann4d, aate 
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proqram at WIPP. All element• of the Te1t Phaaa have been 

carefully •erut1n1tad by these qroup1. (AClm1n. Rec. IV. R. and 

II.Rlt.). (lla &1aQ Affidavit of Chaturned1, Exhibit A•2.) With 

EBO being the touqbe•t critic ot th• WIPP Project, it is worth 

not1n; the tollowinq statement made by the EZG Director. 

While there are a few itama that EEG believes 
atill need to be re•olved, I am pl•a••d to 
report that we believe th• facility and 
radioloqical •af aty proqrama are 1utt1c1antly 
ready to allow raoeipt ot 1mall quantitiea of 
tranauranic ('l'RO) wa•t• for the teat pr09ra•. 

WIPP 1• the result of extensive reaearoh and evaluation 

by •ome of thia country'• moet prominent scientist• and technical 

experts. over i.1 Dillion tax dollars have already bean spant on 

WIPP and an additional 13 aillion dollars will continue to ba 

apant every month, whether or not th• ~est Phase 9oea forward. 

(Ac1min. Rec. IV.Y.) All applicable permits have been obtained 

and WIPP ia now ready tor the Tel~ Phase ~o ~eqin. 

II. SUMMARY or ARGUMENT 

Plaintiff allege• a number of violations of the Federal 

Land Manaqement Policy Act c•rtPMA•) and the National 

Environmental Policy Act (•NEPA•), and the implementinq 

raqulationa ot eaoh. 

First, Plaintitt allege• that FLPMA waa violated by •de 

!ac~o· permanen~lY w1th~raw1nq tadaral lands when the secretary 

of the Interior i• only authorized to make withdrawal• for up to 

20 years (plu• e>C1:ension• if appropriate). Th• Saeratary 

purport• to mak• an authorized temporary withdrawa~ and Plaintiff 

alleges that it will ~a permanent because waatea introduced into 
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the WIPP tacility tor te•t purposes will not be retrievable. Th• 

Secretary ~ada hia decision on an extonaive administrativa racord 

which include• eutiatantial analyses of retrievability, both by 

Department and outside experts. The record eupports the 

Secretary'• daciaion that tast waataa will ba retrievable. Th• 

withdrawal is not p•rmanent. FLPMA wa• not violated. 

Second, plaintiff Dll•g•• that FLPMA is violated if 

teat wastes are not retrieved within the term of the present 

withdrawal. Tha Sacratary of Enarqy intends to complete teat1nq 

within tha withdrawal period and have enou9h time left over to 

initiate r•trieval of t••t waatea if a decision i• made not to 

use WIPP as a permanent disposal site. However, Ftif'MA does not 

raquira that th• purpoaea of a withdrawal be completed our1nq any 

particular term. To tha contrary, it ap•eifieally provides tor 

extensions in just such circumstances. Additional extensions are 

po••i~le witho~t violatinq rLPMA. 
Third, it ia alleqed that FLPMA 11 violated because the 

•tatuta authorizo• oxtonciona when necessary to aeeompliah tha 

purpo•• ot the oriqinal •xt•n•ion. Accordin9 to Plaintitt, that 

'purpose' i• to construct the WIPP tacility -- while the 

subsequent extension and modification parmita ta&tinq. That 

arqument, we submit, req\liree an all too narrow readinq of the 

Secretary'• authority and the 'purpose' ot the ori9inal 

withdrawal. Tha or1q1nal vi~drawal set aside spec1f1e4 pUblic 

lands for the WIPP project -- clo•inq them to a variaty of 

• otherwise avail~ble uaee.until Conqresa could withdraw the land• 
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permanently. When P.L.o. ~403 wa• about to expire while Conqresa 

continued to consider the mattar, an axtension wa• required to 

continue that set aside. At the same time the Socretary moditied 

the withdrawal -- •• he is authorized to do --to permit 

initiation of t.ne lonq-planned test phase. Both the extension 

and moditication are authori2ed by FLPMA. 

Fourth, Plaintiff contend• that the Con9reaa waa not 

notified ot the withdrawal extension •• required ~Y FLPMA. In 

tact, &uch notitication was mad•, a• raflac~ed in the recorc. 

Althouqh we are uncertain, Plaintiff may ba contend!nq that a 

separate reportin9 reql.lir•m•nt, aaaociated with ori9inal 

withdrawals but not extensions, ahould also have been tollowed. 

That, wa baliava, would ba an improper raadinq ot FLPMA. The 

Secretary ha• interpreted it otherwi•• in practice and in 

implementing regulations and that intert)retation should ba 
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tharetcra, be tollowed. Although Plaintitt• make much of the•• 
point•, non• represent• a violation or law. 

III. SCOPZ AND STANDARD or REVIEW 

Sinee neither rLPMA nor NEPA provide• a private ritht 

ot action for violation ot ita prov111on1, plaintitt h•r• rali•• 

for judicial review on Section 10(a) ot the ldminiatrative 

Procedure Act, s u.s.c. I 702 (APA). That aaotion raquiroa, 

t1rat, that there b• a tinal aqency action. Lujan y. Notional 

Wildlife Feder1tign, 111 L. Ed. 2d 695, 712 (1990), Th• tinal 

action• bein9 cballen9ad hara are the Secretary of tha Intarior'a 

issuance ct P.L.O. 6826 and the Secretary of En•rCJY'• decision to 

proceed with WIPP'• teat phase. 

'l'ha administrative review procaaa that culm1nate4 in 

these deoi•iona produced tha admini•trativ• re~orda to which 

judicial review here i• limited. Cpmp y. Pi~ta, 411 u.s. 131, 
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IV. THE SECR!TARY OF THI INTZ:RIO!t DID NOT VIOIAT! TH! 
THE FEDERAL LAND POLICY MANAGEMENT AC!' (FLPMA) 
IN ISSUING PUBLIC !>.ND ORDER 6826. 

The WIPP projoot taoilitiea are located on tadarally

owned land• in &outheastern New Mexico. In 1983, the Secretary 

ot the Interior aet1nq pursuant to FLPMA section 204, issued a 

p~lio land order, No. 6403, withdrawing thesa land• from 

disposal under the qeneral land lawa, including ~he minin~ lawa, 

tor an eiqht year period endinq in June 1991. Thia withd~awal 

waa mada to permit th• lands to ba usad tor tha conatruction of 

the WIPP facilities an~ to protact th• land& from disposal 

pendinq a leqislative withdrawal, it appropriate. 48 Fed. R•9. 

31038•31039 (Julye, 1913). 

In 1989, work on the project had progreaaed to the 

p~int where tha Secretary of En•r9'Y applied tor an •i~ht-yaar 

extenaion of the cri9inal eight-year term of pu»lio land order 

6403. Also, the Secretary reque•t•d that the order be modified 

in certain particulars, includinq chanqea tha~ would permit a 

limited amount of radioactive nuel•ar waste to be introduced into 

the •it• tor testing or demon•tration purposes, conaonant with 

the o~ject of the project aa envisioned by Congress when it 

enacted P.L. 96-164.7 

In January, 1gg1, the Secretary of th• Interior, actinq 

in reaponae to a 1989 application, isaued pul:>lic land order 6826. 

5~ F. R. 3038 (January 28, 1991). This order ~ended the 

7P.L. 96-lt4 authorized WIPP for th• •xpr~ss durpo•• of 
providin9 a r•eoaroh and development facility to d~on•trat• the 
sara disposal or radioactive wastes. 
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original term ot public land order 6403 from June 1991 to June 

1997 and moditied the earlier v1th4rawal order in aeveral 

reepoota including permiaaion for the Secretary ot !nergy to use 

the WiPP site to conduct the experimental teat pha•e ot tha 

project uainq ratriavabla, transuranic radioactive waate. 

Like public land order 6'03 which withdraw ~e WIPP 

projeot lands, pul:>lio land order 612,, which extended and 

moditied the original withdrawal order, was iaaued pursuant to 

FLPMA I 1204 (43 u.s.c. 1714). Pla1n~1tt contend• that the 

extension and modification order violate• various prov!aions of 

the statute and implamantin~ regulationa.8 Aa we ahov below, the 

Secretary haa meticulgualy.followed the dictates of Conqresa and 

n1a own requlat1ona. 

rirat, we hiqhliqht the raquirament• of aac~ion 204 

that are particularly pertinent to thi• discuccion. They are few 

and not particularly complicated. 43 u.s.c. 1714 (a) authorize• 

the secretary to wmake, modify, extend, or revoke withdrawals• in 

aeeordanco with aubaequontly atatad provision• and lim1tationa. 

The latter includes a 20 year limitation on withdrawal• of 5000 

acrea or more (applicable here), (1714(0) (1)) 1 and a reportin9 

raquiraman~ for ~· ~•n•f1~ of the senate an4 Houaa Interior 

ovarsi9ht committ•••, (1714(e) (1) and (c) (2). !xtenaion• may ba 

made it the secretary concludes that the oriqinal aim• of an 

•In addition, plaintiff make• a nwnbar of oomplaint• 
concarninq tha withdrawal which do no~ appear to alleqe 
violations. ·Where appropriate we attempt to reapo~4 to these 
argument• in caaa plaintiff eventually tie• them t6 le9al 
o~l1qa~1ona or tha court consider• them relevant tor any purpgaa. 
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administrative withdrawal ot limited duration should be 

eontinuad. (1714(t)). Extension• mua~ ba tor no lonqer ~an th• 

original withdrawal period. 'I'he Secretary must report hi• 

decision to extend a ~.ooo acre or more withdrawal (1714(c)(l), 

••wall•• those ot la•••r amount (171,(d)), to the two Interior 

overaiiht ool'AJllitteea, (1714(f)). 

Plaintitt alleq•• three primary violations ot the•• 

provision1. f1rat, that P.L.O. 6828 i• a •de tacto• permanant 

withdrawal in violation ot FLPMA. SAcond, tha~ the withdrawal 

will extend beyond the aix year• provided beeausa tast material• 

cannot be retrieved in that period, And finally, that the 

secretary has violated procedural requirements !or withdrawal by 

failinq to datarmin• that an extanaion is necessary and ta111nq 

to inform Congr••• of his actiona. Nona ot th••• contentions 1• 

accurate. 

A. P.L.O. 6~2§ Is Not I PlrmADIDt Withdrpwol. 

a.cause ot tha 20-yaar limit pre1cr1bed in FLPMA 

1714(0) (1), permanent withdrawal• of 5,000 acras or more can only 

ba made by •tatute. In fact, it ha• always been aaawnad that, it 

the results Of WIPP'I te1t phase indicate that it 1• auitabla as 

a diapoaal facility tor nuclear waste, th• WIPP site would ~• 

permanently withdrawn tor that purpose by Conqr•••· 

Plaintiff contends that P.L.O. 6826 ia, in ettect, a 

parmanant wit.hdrawal -- exceedin; the secretary'& authority. 

Thia contention i• founded solely on the assumption tha~ the teat 

• • materials cannot be retrieved froa the WIPP facility. That 
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a•sumption ia, ot course, directly contrary to th• Sacretaryi• 

f indinqa which are amply supported by ths administrative record. 

The contention is also directly contrary to the EPA's 

No-Miqration Determination, which requires radioactive material• 

to ba fully ratriavaJ:)la durinq the test phase. 

It !a in this arqument that plaintiff most blatantly 

violates the provisions for judicial review provided by the 

Administrative Procedure Act. First, the State asks this Court 

to enqaqa in a de novo review ot the Secretaries' determinations 

contrary to the APA'• dictate. To compound its error, New 

Mexico offers affidavits in support of its arguments, refuain9 to 

rely on the administrative record which waa the basis of the 

decisions at issue.9 

Al ~e set out in section III above, this ia not a 

question ot whether thi1 Court would have arrived at the same 

conclusion reached by tha secretary -- qiven the necessary time 

and the same adminiatrative record. conqress has deleqated that 

responsibility to the Secretary. Althouqh subject to judicial 

review, that review i• limited by the standards sat out in the 

APA, standards which properly aftord aU})stantial deterenca to the 

decision-maker. Likewise, the scope of judicial review ia 

circumscribed. It i• the record before the Seoratary which ia to 

9p1aintiff'1 approach might ba understandable if wa were 
dealing with decision• made behind closed doors in which it had 
no opportunity to participate. However, it is difficult to 
imaqina a project with mora public involvement thaQ has bean 
available here •• New Mexico has participated from 1th• ba9innin9r 
haa been qiven every opportunity to present evidence and 
objectiona1 and haa had a si9nifican~ •ftaet on the procaaa. 
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be scrutinized in avaluatinq hi• deci•ion -- not newly concocted 

alleqation• which wore unavailable for the secretary'• 

consideration. With thi• standard and aeope ot revi•w in mind, 

we turn to the substance ot Plaintiff'• alleqationa. 

1. Teat material• will bl r1trieyabl1 trgm th• 
HIPP 1it1, 

There ia no Q1sputa a• to the intent of ~IPP'• teat 

phase. !Veryone undaratand• that the purpose is to introduce 

tranauranio waate• such that ~· auitability of WIPP for 

perJDanent disposal can be studied and -- it determined to be 

unsuitable -- those wastes can ~e retrieved. Plaintitt's 

elavon~h hour allaqation is that the Secratary is m11taken in 

believing that the waatea will be retriovabla.lO 

To beqin, P.L.O. 6826 specifically provides that the 

quantity or waata uaad in the taat phase must not exceed that 

which can be •feasibly• removed should the aita not ba selected 

as a permanent repository. Retrievability has baen th• subjoct 

ot extensive stydy gver a period of time. DOE has prepared a 

Wasta Retrieval Plan which 1ncludea the particular• ot the 

lOp1a1ntiff'a separate contention that the government'• test 
waa itselt a last minute p~opoaal to comply with FLPMA's 
requirem•nt that adminiatrative withdrawal• ha temporary 1• 
bafflinq on two qrounda. First, the test phase ha• been a part 
ot WIPP plannini tor some time and New Mexico ha• taken an active 
role in praparin9 for it. In fact, P.L. 96•164 (note I supra) 
•pecitically envi•ioned a •damon•tration• or teat ph••• tor th• 
project. Second, Plaintitt ahould applaud the secretary'• 
measuras to comply wi~h FLPMA, not deniqrate them. Throughout 
the proceee leadin9 to P.L.O. 6826 tha Seoretary of the Interior 
in•i•t•d that retrievability of test materials be lasured 
apacitically baoauae hi• withdrawal was temporary. Clearly 
plaintitt do•• not alle9a a violation ot law i~ th • particular 
oontention. 
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proce••· Thia Wa•t• ~etrieval Plan w•• taahion•d with th• 

banatit ot State review and commant. Tha Plan may be revised a• 

more i• learned durint the taatinq phaae. WIPP Teat Pha•• 

strataqy, Ad.min. Rec. at IV.A. 

Tha administrative record provide• a aubatantial ba•i• 

for th• Secretary'• dat•l"llination that teat waataa will be 

retrievable.11 

R•~•nt event• do not require a different determination. 

Naw Maxico point• out that t.nere have been some rock tall• in one 

aroa of th• undarqround facility and conclude• from this that 

test wAatee will be permanently trapped underfJround. Tha 

qovernment di•agrcea. 

collapse 11, ot course, th• nature ot the salt 

atruetur•• and part ot tha process for tha avantual permanent 

disposal at WIPP, if that ia the deoiaion. The ability of aalt 

to •collapse• i• what led, in part, to the decision to put WIPP 

in this salt formation in New Mexico. Thia creep phenomenon ot 

llA9raamant for conaultation and coopara~ion Between DOE and 
the state of New Mexico on the WIPP, Article IV - Key Event• and 
Associated Mile•tona, L. - Ratrievability D•cision for 'l'RO Waata, 
~dmin. Rae. V.K., pa9e 16; Fir•t Mod.ifica~ion to the JUly l, 1917 
•Aqreement tor Conaultation and Cooperation• on WtPP By 'l'he State 
of Nev Mexico and u.a. DO~·, Aclmin. Rec. V.H., pp. 9•10; 
Environmental Raa~ara~1on and waate Manaqement Operational 
Readinae• Review ot the WIPP Addendum, Raviaion 1, Summar 1gg1. 
Admin. Reo. IV.F. Sea Pindinf f. 2-3, pa9e App. A•l-41; Wa•ta 
Retrieval Plan, DOE/WIPP 89-022, May 1990, Admin. Ke~. IV.JJ1 
WIPP Dry Bin-Scale Inte9rated Syataaa Checkout Plan, 002/WIPP 90• 
002, Rev. 1, July 1990, pp. 3-! and 3-9 AdJllin. Reo.LIV.11.1; 
Adlllin. ReQ. IV.OO, See also - Affidavit ot 3. Park-.r, !x. 
to Memorandu.m in Oppo•ition to Preliminary Injunetfen. 
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the salt formation waa expected and, in tact, ia depended upon 

for long-term iaolation of th• waata. 

The DOE convened an ind•pendent Geotachnical Expa~ 

Panel in April, 1991 to evaluate the ettective life and opanini 

ata~ility of the test rooma. The Panel, attar reviewinq the 

facility, data, and rock mechanics analyaea, aonc1udad thl ~ea~ 

rooms would remain open (with hi~h confidence) tor a minimu~ of 

two additional years and perhaps •• long a• an additional •ix 

yeara. Thia Panel made recommendations to increase the useful 

life of the roolft9 to meat the need• of tha taat pro;ram. Also, 

thia Panel concluded that the exiating 9eotachnical monitorin9 

proqram is eatistactory and would provide adequate advanoe 

warninq of any 1.mpandin; room failure. The Panel recommended 

enhancementa, neverth•lesa, to the monitorinq system.12 

After DOE developed a rooa aupport da•iqn that 

incorporated the Panal'• re~ommendatione, a second independ•nt 

Panel (including u.s. Bureau Of Mines and Mine SAtety and Health 

Administration representative•) waa oonvenad by DOE and reviewed 

the design. This Panel concluded that the daeiqn ma•t• the teat 

proqram requirements and the Project has addressed all issues 

rai••d. In partieular, th• Panel concluded th• rooms can be 

monitored and •tabilieed tor the duration of th• Taat Pha••, at 

least seven yeara. The room support system i• nov beinq 

12Note that th• Plaintiff'• atfiant Parker,a member ot th1• 
Panel, atated in hi• Panel report that WIPP 1a a ·~afe operation• 
and •there 1• nG doubt in my mind thAt the root wilfl vive u• 
varninqa months before oollapae, a~ lea•t aix montK• of advance 
varnin~.· 
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installed in the t1rat teat room (to be co~pleted no later than 

Oecembar, 1991)13 In tha me&ntima, monitorinq 18 cont1nuou1, 

providing information about vhat is naceaaary to maintain 

structural integrity and advance warninq ot potential problaas. 

Finally, DOE addrassad the issue of a root tall in th• 

underqround test area from a sataty standpoint in tha Final 

Satety Analy•i• Report Addendwn and determined a cata•trophic 

root tall 11 not considered possible, but it it occurred, ita 

eonsaquancae are ~1n1mal in terms of public and worker health and 

safety. Admin. Rea. IV.I. 

Root falls which have occurred have provided valuablo 

data wn1ch nas been usatul in predictinq salt behavior and 

improved geoteehnieal monitorin~ systema. 

Substantial maaauro• have bean employed to protect 

against damaqe vhich would preclude retrieval and available 

evidence indicates that those measure• will ~• successful. The 

bast avidanca 1• that tha Rtructural das1qn assures that room 

inteirity will be maintained for a minimum or savan additional 

year• from the time the proposed suppor-1: system 1• installed. 

Adm1n. Rae. at IV.II. 

2. Test w•etes can be ratrjeyed without violating 
fl.PMA. 

A• an altarnative to it• woe facto permanent 

withdrawal• arqwnent, Plaintiff soera• to alleqa that evan it teat 

lljune ig;1, C•otechnical Panel ~apo~ (DOE/WlPP 9l•Oa3, 
Admin. Rec. IV.OO; 9/19/91, External Oesign Review,Panel Repor-1:, 
Admin. Rec. IV.II; 10/9/91, External caaiqn Raview'·Panal Latter 
(from Chairman J. Wilson), Adm1n. Rec. IV.GG. 
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waatea can be retrieved they cannot be retrieved within the 

period of tha present w1th4rawal. Thia, it implie•, ia a 

violation of FLPMA. Again we diaa9ree. Our ha••• Ar• ~wo. 

Fi~at, all teat waatea aay be retrieved batore aid-

1997, When the present withdrawal expire•. Second, nothi119 in 

7LPMA prohibits a turthar ·~•n•ion ot public land order 6826 it 

that ahould be found to be neoeaaary. 

The capacity to relieve teat wastes within a given 

period !a, of course, a function of how much waste ia involved. 

Whan tha Department of Energy haqan planninq !ta teat pro;ram 1~ 

aaawaed that lSt of WIPP'a total oapaoity would ba involved in 

the teat phase. That percentage baa •ince been reduced to a 

current plan ot o.5t With a maximum of lt (ot capacity) allowed 

by EPA'• No Miqration Determination, Admin. Rae. IV.RI III.S an4 

IX.Z, a limit eatabli•hed by the EPA. 

The quantity ot material to be u•ed in the taet phaaa 

was determined, in part, throuqh a pul:ll1c procedure conducted by 

the Environmental Prot•otion A~ency (RPA) in procesainq DO!'• No

Ki9ration Varianoe Petition for WIPP. Attar full rulemaking, 

inoludinq three public hearinqs in Nev M•~ico and a review of 

hundred• of pUl:>lic comments, !PA qranted the petition. See SS 

F•d. Re;. 47700, Nov. 14, 1990. Th• dat•l'1111nat1on limits testinq 

to lt ot WIPP'• deaiqn capacityr an amount that can be retrieved 

it WIPP ia not selected o• a permanent repo•itory. Ad.min. Rec. 

at III.O, III.P: EPA concluded that •ca1a tar aa 1[h• present 

authoritiea of EPA are concerned, th• DO! ha• mat ~ha 
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requirements that are necessary tor it to embark on tha test 

phase activities.• Admin. Rae. at III.F. 

There is no present decision to actually retrieve the 

taat that decision would only be made as teat result• are 

evaluated. DOE'• Test Phase strategy anticipates that the 

necessary acientitic information tor a compliance determination 

may be available aa aoon as 1993 or a• late as 1996. Adm.in. Rae. 

at IV.HH. 

ot course the decision to retrieve test wastes might be 

made at any time. That will be done pursuant to a retrieval 

schedule provided by DOE which is required to be submitted to DOI 

within six months after the determination to retrieve or six 

months before the expiration of the withdrawal, whichever i• 

sooner. Admin. Rec. at III.O. 

The time necessary for retrieval has been considered in 

an Integrated Systems Checkout and discussed in the Waste 

Retrieval Plan. That exercise and analysis eatabliahed that, 

with existinq manpower, the bin waste could be removed in a 

maximum ot six weeks. It the tull alcove test proqram is 

implemented it could take up to eiqht weeks to remove all alcove 

waate. If all of the alcove drums are not baektilled and 

additional manpower is available, retrieval times could be 

shortened considerably. Admin. Rec. at IV.III. 

It ia possible that tests will extend to the maximum 

estimate•: evaluations will continue through a sul::laequent year; 
~ 

and ·a decision !a made to retrieve which cannot bercarried out 
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within th• current withdrawal period. However, that pr•••nt• no 

per sa violation c: FLPMA. Pl•intitt contend• that FLPMA i• 

violatad because the saeratary tailAd to determine that the 

proposed uee can bo complet•d witbin the period ot withdrawal. 

comp. at 1 90. No such datarmination ie re'i'lired. In fact, 

Conqress ha• anticipated that the purposes ct a land withdrawal 

ot limited duration may not always be completed within th• 

oriqinal time provided. (Indeed, WIPP withdrawal• have reflected 

a phased approach to the project and are a iOOd example ot hov 

withdrawal• can h• moditied and axtended.) 43 u.s.c. l714Ct) 

clearly could be employed to extend the withdrawal to 9ive the 

Secretary of Energy sufficient time to complete retrieval. In 

fact it'1• d1tt1eult to imaqine a reason for denying such an 

extenaion it the land ia to be raturnad to the pUJ:)lic doma1n.l4 

14Aa an adjunct to ite allegations that the WIPP toet phaaa 
will violate FLPMA for the rea•ons discussed abova, Plaintiff 
arques at lan;th that WIPP 18 not the best place tor the proposed 
test. In response we note that the contention oitaa no violation 
ot any act and we ean think ot none which miqht be arquad. The 
decision to conduct te•t• at WIPP ia a policy matter with no 
separate relevano• to ~he legal i••u•• raiead by Plaintitt. 
Navarthalaaa, ~·~ 4aciaion ia 1oun~ly based. 

Althouqh certain ot the teats miibt be conduoted elaewhore, 
DOI ha• determined that p•rforminq thaa at WtPP will provide 
raaulta with maximum credibility, The test material• will be 
exposed to the actual environment and conditions under which 
wastaa may be permanently atorad. 

wna~ 1• more, other operations can be tested at the same 
time, includin9 tranaportation ayetem• and environmental 
monitoring. 1nd the infrastructura (trained personnel, 
procedures, equipment, permits and traneportation plan•) are in 
place at WIPP, makin9 it far more expedient and eoat-affactiva to 
proceed as planned. 

A deciaion.to teat elsewhere WoUl4 ~6 subjoet~to th• 
objection that for optimu~ results ~aata should D&~ecnducted 
Qnder actual condition& whenever possible. 

(cont~nued .•• ) 
- l7 -



SENT BY=xerox Telecopi;r 7020 :10-2g-g1 :12:52PN 505 e21 sge5:1•J 

The Secretary of th• Interior retain• juriadiotion to 

extend tha withdrawal it necessary. FLPMA would not be violated 

by auoh an extenaion. 

8. P.L.o. 682§ Is A Proper Mod1ticat1on and Extension ot 
P.L.O. 6401, 

FLPMA. authorizes ~he secretary ot the Interior to 

•make, ~odity, extend or revoke withdrawal••. 43 u.s.e. 1714(a). 

In 1983 the secretary withdraw a,9GO acraa for the WIPP project. 

P.L.o. 6403, 48 Fad. Req. 31038-31039. That withdrawal was tor 

the purpose of constructinq t.ha WIPP facility. certain 

aotivitiea were not permitted, includin9 tha tranaportation, 

storaqe or burial ot radioactive material• in the site. Id.... It 

was to remain in ettact tor aiqht years. 

on January 22, 1991 that Ordar was •extended• as to it• 

term tor aix year• and it va• •moc!itiad• by P.L.O. 6826 in 

several reapect• includinq liftinq the prohibition a~ainst th• 

introduction ot nuclear wastes needed tor the test phaae. 58 

red. R•~· 3038, Modifioation of Public Land Ordar No. 6403, 

January 2a, 1991. (Admin. Reo. at I.X.) 

Thua, P.L.O. 6825 is the late•t step in a caretully 

dalinaated phased procedure Which may or may not eventually 

14( ••• continued) 
Givan that the purposa ot tha teat phaaa 1• to anable the 

secretary ot Enerqy to determine the suitability ot thi• aite for 
permanent disposal, the Secretary'• deciaion to te•t the 
affac~iveneaa or WIPP a~ erie WIPP tac111ty 1• reaGonabla. 
Certainly no •tttut• ha• been violated by that deo!laion. Admin. 
Rao. rr.r. ~ 
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result in the peral&nent diapoaal ot transuranic waate at th• WIPP 

facility. That procaaa attactivaly baqan with enactment ot 

Publia Law ~c-1,•, whioh authorized WIPP •tor th• expr••• purpo•• 

ot providinq a research and development taeility to demonetrate 

the sate disposal of radioactive wa1te1 result1n; from deten1e 

activities and pro9ram1 of th• United State• exempted from 

re,ulation by the Nuclear Re,ulatory Comniaeion.• The over

ridinq purpose of P.L.O. 6403 when it was iaaued waa to 

tacil1tate thi• objective. P.L.o. 6403 and P.L.o. 6826 are but 

sin9l• ct•p• in the &ama proe•••· 

Nevertheless, Plaintiff seeks to interpret FLPMA'• 

extension provision ao narrowly as to great• a eontlict in thi• 

proc•••· 43 o.s.c. 1714(!) requires the secretary to review 

withdrawals •• their terminations approach and provides that they 

may ~e extendod if he •dotormin•• that ~· purpoae for Which ~· 

withdrawal waa tirat made requires the extenaion •••• • Plaintiff 

eontenas that th• secretary failed to make the necessary 

dotormination and, looking eolely at the construction purpo•• of 

P.L.O. 6403, ar"9U•• that th• •xt•n•ion i• tor a aeparato purpo••· 

From this the State conclude• that P.t.o. ee21 i• a violation ot 

subsection (f). Aqain we must diaaqree. 

Plaintiff'• po•ition here may be the ultimate attempt 

to elevate torm. over sU))stance. Clearly th• Secretary, in 

1aauinq P.L.o. 6826, implicitly detet'1111ned tiia~ an extan•ion ot 

th• withdrawal ~·· required to co~tinue the purpoa, of tiie WIPP 

project. ~o limit that •purpose• to the con•truct!on of WIPP 
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facilitie• would be too narrow an interpretation and would ignore 

th• conqraaaional purpose behind ~• entire project and the 

lanquaqe ot P.L.O. 6403 itcelt. 

P.L.O. G403 •pecitically atataa ita purpose aa •the 

construction or :tull tacilitie• tor th• [WIPP] Project ••• Ami to 

protect tha land• pandinq a leqi•lativa wit.hdrawal if 

appropriate.• [emphaaia added] 41 Fad. Ra,. 31031. 1'h• 

Secretary •determined• that the withdrawal ahould be extended 

uneil June 29, 1997, and at~· same time modified the original 

withdrawal order to permit the next phasa of the WIPP project to 

beqin; i.e., th~ introduction of waataa tor testinq. P.L.O. 

6826, para. l. 

The overridinq 'purpo••' ot P.L.o. 6403 was, ot course, 

to· eloae thesa lands to activity Which would otherw11e be a11owad 

but which would be inoonaistont wi~ the WIPP project 

(settlement, sale, exchanqe, mininq, etc.) until a la9ialative 

Withdrawal is mada. 48 Fed. Req. 31031. Tb• leqi•lativa 

withdrawal has not yet bean made but tha property must continue 

to be closed to inconsistent uaea if the purpo•a• of P.L. 96-164 

are to proceed uninterrupted. When P.L.o. 6403 expired ~y its 

own terms on June 29, 1991, it waa naceasary to extend the 

withdrawal tor th• 'purpa••' of oxcludin9 other u••• or tha 

disposAl of the Btli lands. 56 Fed. Re9. 3038. 

At the same ~1me, P.L.o. 6826 modified the provision• 

of th• earlier ~it~drawal to parmi~ t.he next WIPP lha•e-taatinq. 
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Plaintif ! doe• ~ot contend that tha Secretary i• not 

p•Z"21littad to *modify• a withdrawal. section 1714(&) clearly 

provide• that authority, Nor is it arqued that he cannot modify 

the withdrawal in re•pects •uch •• tho•• mad• in P.L.o. 682'· 

The •ffact of Plaintiff'• alleqation would be to conclude that 

th• Sacratary aisply cannot make tha permitted mo41t1cat1ona •• · 

to the purpo•• of a withdrawal and, al•o, make an extena1on of it 

in th• same in•trument. There ia nothing in FLPMA to compel that 

reading. Th• secretary interpreted 1LPMA to perm.it hi• 

modification• and a~tansion in a ain9l• land order. Th&~ 1• a 

rea•onabla interpretation and con•iatent with previoua 

modifications ot land orders atfectinq WIPP. Clearly, nothing 

would ba ;a1ned by remandinq the matter and raquirin9 the 

Secretary ~o isaua tirat an order m041fY1nq the purpo•• ot 

ori~inal withdrawal and than a ••eond ordar axtandinq that 

withdrawal. The better view must be that th• Secretary can do 

both at one• becauae he remain• atrictly within the overall 

purposa or this conqreaaionallY•mandated project. 

Th• Saer•tary has not violated FLPMA in his exten1ion 

of P.t-.o. 640l throu9hP.L.o. '82,. 

c. DOI did not violate 43 o.s.c. It l714(c) (2) or 43 
c.r.B. 11 2310.3Cbl ca> !n approyipq p.L.o. §121. 

1) The Secretary I• Obli9ate4 To Report To 
Con9r••• Upon Review .>.nd Approval or Extansion1 
PUrsuan~ ~o 43 o.s.c. t 1714(t) and 43 c.r.a. 
t 2310.4 only. 

DOI did not violate 43 u.s.c. t 1714(C) (2) of tha 

P•d•ral Land Policy and Manaqement Act or 4l C.7.R. 2310.3• 
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3(b) (2) by approving Public Land Order 6826. These two 

provisions of law apply to oriqinal land withdrawala. The 

present case, however, involves th• approval ot an application 

for the extensionl5 and modification ot PLO 6403 which withdrew 

the public lands at issue in 1983.16 Accordingly, PLO 6826 doe• 

not effect an original •withdrawal• of land and should not be 

treated as such under the FLPMA..17 DOI, in extendinq and 

modi!yinq a pre-existinq land withdrawal was only bound to comply 

with those statutory and requlatory requirements partaininq to 

modifications or axtansionsl8 under the FLPMA and its 

implementing requlation1, and it did so. 

Section l714(f) addresses the Secretary's procedural 

duties when he reviews and/or approves applications seekin9 the 

extension of a_pre-existinq withdrawal. 43 u.s.c. I 1714(f). 

Accordingly, any DOI Congressional reportinq requirements, when 

an extension is at issue, are qoverned by 43 u.s.c. I 1714(f) 

rathe than I 1714(c) (2) which applies, instead, only when an 

oriqinal withctr1w1l ia at iasue. a.aa 43 u.s.c .1 1714(!); 43 

u.s.c. I 1714(c). 43 u.s.c. I 1714(f) merely requires that, it 

15 See PU> 6826 in the adminietrative reoord at I.K. 

16 Saa PLO 6403 in the administrative record at XIII. 
p. 30. 

17 ii.I 43 u.s.c. ti 1702(1) defininq a withdrawal as an 
area of federal land beinq withheld from •settlement, sale, 
location or entry, under some or all of the general land 
laws •••• •; 

18 ~ 43 u.s.c. I 1714(•) distinguishing between the 
secretary ot Interior'• aeparata and distinct powers t·o: 1) 
~•K•, 2) mo4ity, 3) extend, or 4) revoke, land withdrawal•. 
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tho Secretary review• and approve• an exten•ion, •The Secretary ... 
shall report on 1uch review.and extenaion to the Couitt•• on 

Insular Affairs ot tne congress and th• Senate.• 

Crantad, S 1714(f) atate1 that the secretary must 

comply with I 1714(c)(l) er (d) when 9rantin9 tho axtanaion, but 

thare is no 1n41cation on the tace of the statute that th• 

Secretary ia obli9ata4 to comply with any of the r•fl\lire•ent• of 

I 11U(c::) when h• roport• tha approval of an extenaion to 

Con;r••• pursuant to I 1714(t). The implementing requlation• of . 

FLPMA, pUbl1she4 in 4l C.F.R. t 2310.4, further eupport thi• 

interpretation. If the sacretary allowa an extension, the 

requlationa require that h• comply, aa to the extension'• 

durational limit•, with 43 u.s.c. I 1714(e) or (d), aa tha case 

may ba • .ii& 43 c.r.R. t 2310.4. •Whether or not an extension i• 

allowed .•• ,• the sacratary muat promptly repo~ hi• deci1ion ta 

the Congr•••ional ovarai9ht comJ11itt•••· 14. The raqulation doe• 

not elaborate upon the neo•••ary content of the report; nor doe1 

it retar to any •tatutory provision which would define the 

nec•••ary report content. 

It ie clear from th• statute and re;ulat1on•, 

tharetore, that the Secretary'• Con9r•••ional reportin9 

obliqationa, reqatdinCJ the approval of the extension, were 

gov•rn•d by •3 u.s.c. t 1714(f) and 43 c.r.a. I 2310.4 only. A• 

the Secr•t•ry wa• not dealin9 with an oriqinal land withdrawal, 

neither 43 u.s.c. I 1714(0)(2), nor 4i e.s.R. I 2310.3-l(b)(2) 

wa1 applica))le. 
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2) Plaintiff Repeatedly Confuses 'l'he EMpr••• 
Statutory Distinction Batwaan An Ext•n•ion And 
An Oriqinel LGnd Withdrawal When Ma~in~ 
Alle9ationa A• To Con9raaaional Reporting 
Obli9at!onc.l9 

Deapita the clear lanquaqe ot FLPMA and it& 

regulation•, the Plaintiff alleges, in it• complaint, that the 

Secretary of the Interior tailed to comply with hi• •tatutory and 

roqulatory Congressional report onliqation1 pursuant to 43 o.s.c. 

I 1714(c) (2) and 43 e.r.R. S 2310.3-3(b) (2) when ha approved 

P.L.O. 6828 which extended the vithdraval period of P.L.O. '403 

tor an additional six years. In ao doin9, the Plaintiff contuse• 

th• roportinq obliqat1ons required ror or1;1nal land withdrawals 

with those required tor 1xt,1naion1. 

First, Plaintitt incorrectly alle9•• that DOI'• 

a~proval ot P.L.O. 6826 violated 43_ o.s.c. t 1714(c) (2). Thia 

aaaartion ia simply arroneoua, a• tha challen;ed ac~ion in the 

present case involves the extanaion of a pra-e~i•tinq land 

withdrawal. The Secretary waa therefore not required, •• 

Plaint1!t 1uqqests, to ma~e an extensive tactual report to 

Con9r••• pursuant to 4l u.s.c. I 1714(c) (2) Which only applies to 

ori9inal land vithdrawal•.20 

19 43 u.s.c. 11714(&) expreaaly distinqui•h•• between 
withdrawal•, extension•, modifications, and revocation•. 
Accordinqly, diatinct raqulatory requirements may apply depending 
on the application submitted to BUS. Here, DOE aubmitted an 
application tor an exten•ion and modification of a pra-•x1atinq 
land withdrawal. Tharerore, requla~1ons Which are relevant to 
oriqinal withdrawal• are inapplicable. 

20 Thil point become• even more compellini in view of the 
f&e~ that the Secretary did make th• required 43 u.s.c. 

(continued ••• ) 
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Second, Plaintiff, a9ain, oonfu••• the di•tinotion 

between conqresaional repo~tinq obliqation• required tor 

extension• with thoaa required tor approval of an oriqinal land 

withdrawal by allevin9 that DOI violated 43 e.r.R. I 2310.3-

l (b) (2) whioh mandates that: •on the same day an order 

withdrawtnq 5,000 acres or more in th• a(J9reqate i• aicpied, th• 

Secretary •hall advi•e, in writinq, aaCh HOUll ot 

Con9r•••···•(empha•i• added) Aqain, thi• aaaertion ia •imply 

wronQ in view ot the tact that the secretary reviewed and 

approved an appl1eat1on tor an extension rather than an original 

withdrawal. 

Daapite Plaintiff 'a confuaion, it i• claar that, in the 

present ca••, the secretary, by reviewint DOI'• application tor 

an e>«ens1on, waa merely required to report to conqr••• purauan~ 

to 'l u.s.c. I 1714(f) and 43 c.F.R. t 2310.4. Accor4ingly, th• 

Secretary wae •imply obli9ated to •promptly• report to both 

Houses ot con9r••• reqordin9 hi• recant review and approval ot 

~• DOE e>«ension application. 21 I.I.A 43 c.r.R. I 2310.4. 

3) Th• Secretary Did Report To conqress Aa 
Required By 43 u.s.c. I 1714(t) and 43 c.P.R. 
I 2310.4. 

20, ••• con~1nue4) 
11714(c)(2) report when ho approved DOE'• original land 
withdrawal application. A• a matter or common 1an1e, 1t would be 
illoqical to require the Secr•t•ry to sul:>mit another ~•n•ive 
report containint iden~ical intorma~ion. '!'he Secretary'• 
interpreta~ion ot th• 1ntarralation•h1p between the varioua 
sUbaactiona ot 43 u.s.c. 11714 - aa r•flec~ed in hi• implementinq 
regula~iona - i• clearly rea•onable and ahould be upheld. 

21 See the discua•ion 1upr1. a~ page 45. 
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The Secretary did comply with hia Conqreaaional 

raport1nq obliqations under the FLPMA •nd ita regulation•. The 

Aaaiatant S@eratary, David O'Naal, siqned and approved the 

extension at iaaua (P.t.o. '82C) on January 22, 1091. Admin. Ree. 

at Ix.x. P.L.o ea2e wa• then pU})lished in the Federal Ra9ister 

on January 28, l99l. Adm1n. Rec. at I.K. In conjunction with 

th• raviow and approval ot tha axtanaion application, Asaiatant 

secretary O'Neal ••nt the requisite report to the CoJllJllittea on 

Insular Attair• ot beth Houses ot Congreaa on January 22, 1991. 

Admin. Rec. at Ix.x. The report atated that: 

'In aeeordanca with sae~1on 204(!) of the 
Federal Land Policy and Management Act ot 
1976, 90 Stat. 2752, we are hereby notifyinq 
you or the extanaion ot the time tor the 
withdrawal of land tor the Department of 
Enerqy'• (DO!) Waata Iao1ation Plant in New 
Mexico.• Admin. Rec. IX.~. 

It i• clear, tharofora, tha~ tha Depart.men~ of th• Interior, by 

makin9 it• report to Con~reaa on January 22, 1991 aatiatiad it• 

statutory and raqulatory Con9l"•••ional r•portinq roquir•menta 

under the FLPMA. 

4~ Plaintiff can Not Chall•n~e Th• Adaquaoy ot Th• 
Soeretary'• Report To con;re11 under FLPKA 

If the S•cretary i• wron9 in hi• interpretation of what 

is required in hi• report to Conqresa - no cause of action i• 

created. Clearly, a report waa provided. The only iaaue can be 

whether it containod the apeoifiea of a I 1714(C)(2) report. 

Con9reaa has apeoif ioally provid•d in rLPMA that •the adequacy Of 
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reports required by thi• Act to ~· eubmittad to conqresa or it• 

committ••• shall not be subject to judicial reyiew.• 43 u.s.c. 
§I 1701, note l. 

Pursuant to the exprea1 provisions of the FLPMA, the 

State of New Mexico can not challenqe,under any provision of the 

FLPMA, the adequacy ot the report which the Secretary sent to 

Conqresa. Aceordinqly, tha Seeratary's report to Conc;reaa 

complied with the Conqressional reportin; requirements tor 

ext•naiona under the FLPMA. 

o. Tha SLM and the DOI did not violate other 
appliea.Dle FLPMA raCJUlationa sat forth in 43 C.F.R. 
I 2300, J.t IJUI· in modifyinq and extendinq P.L.O. 
6403. 

Conqress, in enaetinq the FLPMA, expreaaly authorized 

the Secretary of the Interior to •modity or extend• public land 

withdrawala. 43 o.s.c. I 1714(a). Where the· Secretary makaa a 

determination to extend a previously made pul:»lic land withdrawal, 

he must comply with the applicable requlationa publiahed in 43 

C.F.R. I 2300, ~ .I.ISi· 43 C.F.R. I 2300.0-3. In th• present 

case, the Plaintiff broadly alla;ea that DOI and BUI have 

qanarally violated appllcabl• requlation•. Plaintiff faila to 

indicate, however, which specific r•CJUlationa in th• twelve paq• 

compilation h~va been violatad.22 

l) BIM As A Cooperatinq Agency, Participated In 
Th• Development Of, and Independently evaluated 

22p1aintiff haa not alleqed anywhere in the complaint that 
DOI and BLM have tailed to comply with the notice and hearing 
requirements contained in the regulations. Accordinqly, while it 
ia cl•ar in the record that these requlationa have been complied 
with, it is not necessary to diacu•• them in any detail. 
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and Reviewed, Th• Final SEIS In Accordance With 
The Applicable Regulations Under FLPMA. 

First, it 11 evident, on the basis of the record, that 

BLM and DOI have complied with the development and procassinq of 

the case file !or P.L.O. 6826 for •Ubmisaion to the Secretary 

pursuant to requlationa published at 43 c.r.1.1 2310.3-2. 

Subsection (b) of 43 C.F.R. I 2310.3•2 requires that th• 

applicant provide with its application an Environmental Impact 

stat•ment (EIS) which 11 adequate and autticient to meet the 

requirements ct the NEPA (42 u.s.c. I 4332(2)(c)) and its 

applicable regulations. 43 c.F.R. I 2310.3-2(b)(3). The 8?.M ia 

required to participate in the development of the EIS, and the 

applicant is required to de•iqnata BLM as a cooperatinq aqancy 

which muat comply with the requirements and ra;ulationa of th• 

Council on Environmental Quality (C!Q) under NEPA.23 ld· At the 

very minimum, the BIM, aa a cooperatinq aqency, muat 

•independently evaluate and review the tinal product.• ,lsS. 

Again, while Plaintitt'a complaint is extremely vague, 

it seem• that plaintiff is alleqinq that DOI failed, a• a 

cooperatinq a;ancy, to independently evaluate and review DOI'• 

Final Supplement Environmental Impact statement (FSEIS)'. Th• 

record clearly shows, however, that DOI and BLM properly compli•d 

23 The BIX, ae a •cooperating aqency,• was merely required 
to comply with the CEQ requlationa pertaininq to •cooperatinq 
agencies.• 40 C.F.R.11!01.6. There ia no indication in PLPMA or 
it• regulations that a •cooperating agency• vaa •ubject to the 
requirements of 40 c.r.R. 11507. In any event, Bt.M'• 
participation in production of the draft and final-SEIS clearly 
demonstrate• that it had •sufficient capability to evaluate what 
others do tor it ••• • 111 40 C.F.l. 11$07.2. 
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with both their statutory. and raqulatory obliqations reqardinq 

receipt, development and review of the FS!IS. First, the DOI 

required that th• OOE submit a FSEIS alonq with its modification 

application batore the application would be processed by BLM. 

Additionally, the BIJil wa1 desi9nated aa a wcooperatin9 aqency• 

in the development ot the FS!IS, a• required by regulation. I.a 

43 C.F.R .t 2310.3•2(b) (3). 

As a cooperatinq aqency, the BLM participated in th• 

development of the FSEIS, and, upon ita completion, independently 

reviewed the tinal product. This assertion is repeatedly 

supported by the administrative record. For example, in a letter 

trom Admiral Watkin•, Secretary ot DO!, to Manuel Lujan, 

Secretary of DOI, Admiral Watkins stated: 

Th• Final Supplement to the Environmental 
Impact Statement (SEIS) tor the Waste 
Isolation Pilot Plant (WIPP) was tiled with 
the Environmental Protection Aqency on 
February 2, 1990. I want to express my 
appreciation tor the asaiatance and expertise 
provided by the Bureau ot Land Manaqement in 
ita role a• a cooperatinq aqenQy on the Final 
S!IS. Admin. Rec. II.G. 

In a DOI comment on th• draft to th• SEIB, the DOI aaaure• DOI 

that tha BIX will continue to work closely with th• DOE atatt to 

arrive at an adequate final SIIS. Admin. Rec. II.!. 

Furthermore, it ia clear that the DOI •independently 

evaluated• the Final SEis.24 Volume 13 of the FSEIS includes 

24 Not only did DOI independently review an comment on the 
FSEIS, but it alao reviewed and commented on the Preliminary 
Draft SEIS, th• Draft SEIS, and th• Preliminary Final S!IS. 
Admin. Rec. at x. A-o. 
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comment• on the craft S!IS which include the •tatement tnat: •Tn• 

Department ot the Interior ha• raviawed the dratt sup~lomont to 

th• final environmental impcct atatomcnt tor the WIPP.•25 lj. 

on April, 1989 the 00! provided DOI with copi•• ot the FSEIS tor 

r•view and comment. Admin. Rae. at X. o., p. 10. Th• DOI 

indopandently reviewed the FSEIS, and even though it wa1 not 

obligated to do ao, provided further comment on the final 

product.21 The DOI'• review ot th• FSIIS i• turther eviden~•d 1~ 

a number of BLM r•cord• or deciaion.27 

Additionally, Plaintiff •••m• to claim that tha FSEIS 

reviewed and adopted by DOI do•• not aatiafy the NEPA ae r•CJUirad 

by tLPKA requlationa. 43 c.r.R. I 2310.3•2(b) (3). Thi• 

allaqation, however 11 misquidad. The September 19, 1990 81.K 

Record of Deoi1ion adoptinq t.h• FS!IS expre•aly eonoludaa t.hat: 

•Adoption of the DOZ PS!IS i• in compliance with the r•CJUlationa 

25 I.IA A1aa June 13, 1990 Latter trom Manuel Lujan, 
secretary or DOI, to A4m1ral Watkin•, secretary of DOE, s~atinq~ 
•A• we di•cuased ye•terday, the Department ot th• Interior ha• 
further reviewed th• Wa•t• Iaolation Pilot Plant (WIPP) Final 
supplement tot.ha Environmental Impact Statement (FSEIS) ••• I 
have concluded that th• WIPP FSIIS adequately •••eaaea the 
environmental i•pacta ••• • Admin. Rec. at I.Q. 

26Addi\ionally, J:)OI reviewed a 11.aOaequent environmental 
a•••••••nt, after th• adoption by DOI Of th• FSBIS. Th• 
A••i•tant Secretary ot DOI, attar review, made a tindini ot no 
aitnifioant iapaat. Aclmin. Rec. IX.M. Thia careful review, 
aqain, d .. on•~r•~•• DOI'• close involvement with DOE on the 
environaental a•••••ment ot WIPP, an involvement that went well 
beyond th• r•CJUl&tory requirement• under the PLPMA. 

27BLK ROD, •tatin91 •A• a cooperatinq aqenc:y with tha 
De~a~mant or Enarqy (DOE) on the Final supplement Environmental 
Impact Statement. (F81%1) tor the WXPP proj•~~, th• BUI ha• 
r•vi•w•d th• FSl?I ••• • 1dmin. Rao. x.D., p. 1: BUI, a• a 
cooperatinq aqency adopts th• FSZ?S. Admin. Keo. XIII. p. 12. 
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of the Council on Environmental Quality (40 c.r.R. part 1506)•. 

c.r.R. Vol. ~s. No. 182, Sep~. 19, 1990. Th• BLK in thi• Record 

ot Oaci1ion 90•• on to consider in detail the alternativaa 

analyzed in the FSEIS, before ita adoption and implementation of 

tha proposed Action altarnative. A more ~omprehenaiva discussion 

of tha adaquacy an4 autticiancy of the FSEIS 1• included in 

Section v o~ thi• brief.· 

It ia clear, theretora, on the basia ot the 

administrative record, that the DOI complied with all of it• 

raqula~ory obliqations as a cooperatin; a;ancy in the development 

and review of th• rs!IS under tha rtPMA. 

2) DO? Properly Developed And Reviewed DOZ'• Casa 
r11a Prior To Maxin; A oec111on on DOE'• 
Application. 

Next, BUI compli•d with the tinal caaa development 

re9Ul&tiona publiah•d at 'l C.F.R. I 2310.3•2(•)-(f). These 

regulation• require that the authorized oftic•r develop 

preliminary tindinqa and recoJml\endationa to b• submitted to tha 

secretary of th• Interior. 43 c.r.R. I 2310.3•2<•>· Attar 

eompletinq that taak, the authorized oftiear mu•~ prepare: l) 

the f indini• keyed apecif ically to the relevant portion• of the 

ca•• tila, and 2> the recomJDen~&tiona to the Sac~etary pertainin9 

to th• appliea~ion. 43 c.F.R. t 2llO.J-2Ct). La•tly, the 

authorised of ticer muat prapar• a propoaad order or notice or 

denial for conaideration by the Seoretary ot Interior. ,14. 

All ot the document•, fin4inqa and recommendation• of 

~he authorized oft1c•r made pursuant to 43 c.F.R. I 2310.3-2 mu•t 
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be made part ot the case tile. 1.J;I. When thia ha• been 

aceompli•hed, copie• ot tha caaa tile muat ba sent to the 

Director ot BLM and th• applicant. 14. 

In the present caae, it ia clear, trom the record, that 

BLK h&I complied with the caae tile development and proc•••ing 

requlationa prior to aubmiaaion of DOE'• application to the 

Secretary of Int•~ior. Plaintitt claim•, however, tha~ BLM and 

DOI, by approvinq PU> '82,, have aomehov aoted irra~ionally, and 

have thereby violated the FLPMA and ita requlationa. 

such a claim 1im~1y can not b• maintained in view ct 

the FLPMA., it• requlations, and th• adminiatra~iva record. on 

July 28, 1990, the BtH prepared a Land Report to determine 

whether the WIPP land withdrawal •hould be continued, modified, 

or revo~a4. Admin. Rec. rx-G. Th• BLK, in the Land Report, baeed 

on analyaia ot the PSEIS, and othar reports aubmitta4 With DOE'• 

moditication ~nd exten•ion application, mada apecitic tindinq• of 

tact. 14.21 In view of the tindinqa ot tact contained in the 

Land Report, the Suit's Nev Mexico Office drew conclusion• and 

recommended that PLO 6'03 ba continuad and mOdified. 14. Kavin; 

made ita recommendation• baaed on findin9• ot tact, tha BUI 

2Ba1JI V•ft~ ~eyon4 mara raviaw of t.ha rszzs. Th• BLM 
received and raviawaa the WIPP Teat Pha1a Plan Parto1:111ance 
Aaseaament, and th• executive Swnmarie• tor the National Academy 
of Saienaea, the Blue Ribbon Panel, and the Ahaarna Committee. 
(rararra4 to elsewhere in tne br1et aa tha ACN!'S). Admin. Rec. In 
Addition, DUI apecitioally raqueeted, received, and reviewed 
DOE'• Waate Retrieval Plan, No M!qrat!on variance Petition trom 
the EPA, and a cartif ication trom DOE that it had met all other 
State and Federal Agency requirement•. Admin. Rae. I.T and 
A4min. Rae. I.O. . 
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drafted a proposed modification to P.L.O. 6403. Admin. Rec. 

IX.B. Accordingly, on S~ptember 19, 1990, in ita Record ot 

Decision, the BLK indicated that it would adopt and implement 

DOE'• propo1ed action by recommendinq that the Secretary of the 

Interior approve DOE'• request tor an amended administrative 

withdrawal. Admin. Rec. at XIII., p. 3. It i• clear, tharetore, 

based on the record that OOI strictly complied with it• 

re9ulatory obligations under th• FLPMA pursuant to 43 c.F.R. I 

2310.3-2(•)-(t). Its findings of fact, recommendations, and 

proposed land order, therefore, were baaed on necessary and 

proper tactual considerations supported by th• record. In short, 

BtM'a decisionmakinq proc••• waa both deliberate and rational. 

Plaintiff's vaqua alle9ationa to the contrary must therefore 

tail. 

Atter makinq its factual findings and recommendation•, 

the SLM transferred the Land Report, FSEIS, proposed land order 

and the remainder of the necessary case tile to the Director ot 

the BLM. The Director then reviewed the case tile and made a 

recommendation to the secretary for approval of the moditication 

application. Ac!min. Rec. IX.D., p. 39. The Secretary, based on 

the Director's recommendation approved DOE'• modification 

application on January 22, 1991, thus endinq a lengthy, 

deliberative, and rational deciaionmakinq process. Admin. Rec. 

IX.D.44. P.L.O. 6826 orderin9 modification and extension ct 

P.L.O. 6403 waa then published in the Federal Register •hortly 

thereatter. Admin. Rec. IX.L. Therefore, on tha baaia of thi• 
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record, it is evident that the Secretary and BLM, a9ain, complied 

with their r•CJUlatory obligations for development and review of 

COE'I casa file under tha FLPMA. In view ot the extensive 

information contained in the ca•• tile (now part of the 

administrative record), and more particularly, the FSEIS, it is 

clear that, in addition to complying with statutory and 

raqulatory requirement• of the FLPMA, DOI'• approval of PLO 6126 

was rationally based on apecitic tindinqa of fact contained in 

the adminiatrativa record. Accordinqly, Plaintiff'• alleqation• 

that BLM and DOI aomehow failed to develop a proper record and 

thus acted irrationally have no support in the administrative 

record. 

5) DOI And BLM Possessed The Technical Expartiaa 
and Raaourcea Necessary To Evaluate the FSEIS 
And Other Technical Documents Submitted By DOI 
With It• Applicat'ion. 

Next, Plaintiff 'a complaint is laced with alleqationa 

that the DOI ~nd BLM lacked the teohnical re•ourcea to properly 

consider DOE's application for a modification, and accompanying 

reporta, particularly the FSEIS. It ia important to note from 

the outaat that neither the FLPMA, nor it• regulation• dictate 

that the DOI and SLM muat po•aeaa •technical expertise• when 

reviewing applications for modification• or extensions under 43 

u.s.e.§1714(t).29 Accordinqly, the Plaintiff, in th!• reqard, 

29 Saa the discussion in footnote 18. Th• Plaintiff attempt• 
to manipulate the lant;U•9• of th• CEQ raqulation• to ~raate auch 
a requirement. The plain lan;ua;e ot the. relevant reCJUlationa, 
however, precludes auca A faneitul interpretation • .&.IA 40 C.F.R. 
11!01.6. 
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ha• failed to alle9a a atatutory or raqulatory violation under 

the PLPMA. 

Although no •tatutory violation ha• occurred, we will 

nonathalaaa briatly addreaa Plaintitf 'a tactual alle91~1cn1 on 

thi• iaaua. Fir•t, th• racord bear• out the fact that BLK did, 

in tact, po••••• the technical expertise neceaeary to properly 

analyze and review reports auch aa the FS!IS. In tact, the etH, 

through it• ottiea ot !nvironmental Affair•, waa able co review 

the Preliminary Oratt SEIS, tha Draft SIIS, the Preliminary Final 

SIIS, and the Final SEIS. On all occaaion•, th• BI.M understood 

the technical material contained in the reports so thorou9hly 

that it roaponded to DOE, makinq racommandationa and comments tor 

improvemant.30 Ad.min. Rec. at x. A•D. In tact Admiral Watkin., 

the Secretary of !nerqy extended hi• thanks to DO? for their aid 

and '•xp•rti••· in developing th• rszts.31 
Moraov•r, it 1• clear that ~ha FS!IS, wn1ch accressea 

the iaaua ot retrievabi1ity, and other area• of aeientitic 

•pecialty referenced by Plaintitt in its complaint, i• written in 

relatively simple lanquaqe which does not require technical 

3011a rabruary 2•, 1919, and March 9, 1989 Letters from Joe 
sovcik, Environment, 1nvironmantal Speciali•t to John Arthur, 
WIPP Project IAader which contained comment.a. AdJllin. Rea. X.A., 
p. 7. In one auch comment, BIX ••••rt• that •it is ••••ntial 
that retr1evability be addr•••ed in section l•2 in order tor th• 
secretary to make a deciaion• on the modification applic:ation: 
Admin. Rae. x.D,, p. 11. Bur' latter of Jonathan oaa1on, 
Director, Ottice of Environmental Affaira1 DOI ~omnent to Draft 
SZIS, Volume 13 FSIIS at p. 606. June 13, 1990 Latter Lujan to 
wat~ina. Adll1n. Rec. at I.Q. 

~1 (SAA direct quota from lat~ar at paqa 51.) 
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expertise ror comprehensive underatandin;. Th11 point 11 

evidenced by the f aet that th• draft to tha FSEIS prompted oral 

comment from almoa~ i,ooo speakers, and writ~•n oot11J11ent• 

totallin; t,ooo pa;es. Admin. aac. I?.!. Clearly, comprehension 

of th• drar~ and rinal SEIS ttoea not require technical or 

•oiantitic traininq. 

In ahort, both !LM'• cloae interaction with DOB in the 

development of th• FS!Isl2 and the exietence o! voluminou• pul:Jli~ 

eonunant •licitad by tha drart SEIS atteat to th• tact that th• 

BIX po••••••d ample aptitude to comprehend th• ralavaJ'lt technical 

and acientifi= iaau•• placed ~efore it in reviewin9 DO!'• 

moditication application. 

FU~ermore, in addition to ralyinq on it• own 

technical rasouro••, th• BLX, a• a cooparatinq aqancy vith DOE. 

waa able to rely on th• •xp•~i•• of a nwnber ot outside 

reaourcea in proceseini th• COE'• application tor a modification 

to PLO 6403. In tact, a numl>ar ot expert ;roup1 ~nd aqeneie• w•r• 

intimately involved with DO! in produoinq and raviawinq th• 

technical and scientific aapeota of t.h• FSIIS and the case tile. 

Amonq th••• expert qroupa and a9engiea were: the Environmental 

Protection A;anay, ~• A4vi1ory comm1tte1 on MUclear ra~ility 

32 It i• al•o important to note that DO! forwarded more tha" 
aiqht Drattl to the Dec1•1on Plan tor th• operation ot 'KIPP. 
Each draft waa ~ommented on by D0%'a Offioe ot Environmental 
Reviav whoa• comment• ware then u•ed to r••~ruccura cha PI.an. 
Admin. Rec. at XII. 
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Satety, the National Academy of Sciences, and the Environmental 

Evaluation Croup.33 

In short, thia evidence •imply eonfinna the fact that 

th• DOI and BLK, contrary to Plaintitt'e allegationa, not only 

po1sesae4 adequate expe~1•• w1~h1n the1r own department, but 

also receivad and reviewed reporta from numarou• outaida 

technical and scientific experts. Theaa reaource• clearly 

enabled the DOI and BU! to adequately consider all relevant and 

technical material necessary to review ot OOE'• modification 

application. 

E. Th• record damonatrataa that DOI eonaidered the 
proper tactor1 in dec1d1nq ~o approve DO!'a 
appli~ation tor a modification and extanaion ot PU> 
§403 

l) Plaintiff• Ha• Not Alla9ed A Violation of 
FLPMA By Cla1~1n9 That DOI Conaidarad 
Irrelevant And !xtraneou• Factora In Makin~ 
It• Ceciaion 

Th• Plaintitt, in it• complaint, make• th• broad claim 

that the DOI and BU!'• daci•ion to approve P.L.o. 6828, waa 

attactad by extraneoua and irrelevan~ factor• and, ~eretore, 

should be set aaida aa unlawful pursuant to th• Admini1trativ• 

Procedure• Act. Plaintiff, de•pite the breadth of thi• claim, 

33 Th• Environmental !valuation Group (EEG) ia an 
indapand•nt body hired •• a •watch•doq• to review and evaluate 
t.he d1a1qn, conatruction and operation ot the WIPP project a• 
they relate to th• protection ot th• public health and aatety, 
and the environment. Co111J11ant• from th• EEG and EPA on ~• draft 
SllS were reviewed and co11UDent•d on in the FSBIS. Admin. Rec. 
II.E., FIEIS Vol. 1, p.2,, Vol. 13, p.330: Vol.13, p. ,303. 
Add1t1onally, The Wipp Tiit Ph••• Plan Pertormanoe A8eeaament• 
and the executive awnmari•• for the ~ational Academy of lciencaa, 
Blua Ribbon Panel, and ~• Ahearn• Co111J1ittee were received and 
reviewed by BUC. See Footnote a. 
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haa tailed to alleqe any •t•tutory or requlatory violation of th• 

FLPMA. Moraovar, abaolutaly no atatutory or ra9ulatory provi•ion 

of the FLPKA i• referenced by Plaintiff in aupport of it• claia. 

Additionally, after examination of the text cf the 

fLPMA and 1t• requlationa, it i• evident that Conqra•• haa not 

enacted a ehack-li•t of ralavan~ factor• which th• BLM and th• 

Secretary of the Interior muat consider in makinq determination• 

pursuant to 43 u.s.c. f 1714(a). See 43 u.s.c. I 1700 ~ aas:I•' 

43 C.f .R. I 2300 11; .a.a.;. It 1• ~eyond question that the Conqreaa 

ha• a~rassly dalaqatad broad au~or1ty to the secretary co 

•modify• and •extend• pre-existinq land withdrawal• purauant to I 

1714(a) ot the PLPKA. 43 u.s.c. I 1714(&). Moreover, Con9r••• 

tailed to reatrain the Sacretary'• exercise ot authority under I 

1714(&) by raquirin; him to consider car1:a1n relevant tactcra in 

makin9 determination• pursuant to that aaetion.34 The abaenca or 

Con9reaaional direction to oonaider mandatory taotora in makin9 

daterminaticna purauant to t 1714(&) indicates Conqr•••' 

intention to leave auch determinations to eha informed discretion 

ot the secretary of th• Interior and BUI. 

Moreover, •inca Confrea• haa failed to establish a 

~aaeline tor what ~on•iderationa are neoe•••ry and relevant to 

datar111ination• undar t 171•<•> or the FLPMA, 1t 1• not possible, 

34 Xt would ••ea that th• only reatrainta on th• Seoretary'• 
axerciae of dala9ated power under I 111,(a) would ha procedural 
1n that the secretary and BUI muat oomply with strict requlatory 
procedural ra~iraaent• when adjudicatin9 axtenaiona or 
modification• un4ar I 1714. see 4l u.s.c. It 1701(5)7 4l C.F.R. 
I 2300 at AJaa• 
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on tha basis ot the FLPMA, tor tha Plaintiff to ascertain that 

the Secretary and BLM allowed their decision to approve P.L.O. 

6826 to be affected by irrelevant and extraneous considerationa. 

Nor would it be proper for the Plaintitt to ask the court to make 

such a determination in the absence of such nec•••ary •tatutory 

guidance. 

2) Plaintiff'• Factual Allegation• That DOI'• 
Decision To Approve P.L.O. 6826 Waa Improperly 
Influenced Ia Without Ba•i• In The Record. 

In addition to tailing to alleqe a statutory violation 

of the tLPMA, Plaintiff's factual alleqation that OOI and BIH'• 

decision to approve P.L.O. 6826 waa improperly influenced by 

political presaurel5 is inaccurate aa ahown by the administrative 

record. Plaintiff claim• that •sLM acquiesced in the DOE'• 

refusal to amenc1• their modificatio.n application to allow tor 

•adequate• retrieval time tor the waste. In •upport of thia 

proposition, Plaintiff cit•• the July 6, 1990 Memorandum of 

Clarence Hoagland, ot BLM'• New Mexico ottice, which summarizes a 

conversation with Karan Griffith, an attorney in COE'• 

Albuquerque, New Mexico office. on this baaia, Plaintiff 

concludes that the deci1ionmaker• in BLM and DOI wqava 

consideration to.factor• which were irrelevant and ought not have 

been considered [political praaaure] and iqnored factors which 

were relevant and ouqht to have been considered,• [retrievability 

time.] 

l!see Plaintiff's complaint at p. 42, paragraph 110. 
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Thia arqument is certainly creative and largely 

conclusory. Unfortunately for Plaintiff, it ha• absolutely no 

support on the adminiatrative record. Firat, there i• no ba•i• 

for asaertin9 that DOI acquiesced to DOE'• retuaal to amend their 
• 

modification application. Nothinq in th• record, includinq th• 

memorandum cited by Plaintiff, indicate• that DOE •ratuaad• to 

amend their application. Moreover, the assertion reterred to by 

plaintif t in th• July 6 Hoagland Memorandum was made by a DOI 

staff attorney who is not a ••nior deciaionmakar for DO!. Her 

gu••• a• to what the actual reaponse of the DOE [Washington 

Off ice] miqbt ba to a suggestion to modify their modification 

application with BLM is, therefore, of no siqniticance. 

Moreover, there is no other evidence in the administrative record 

that DOE indica~ed or implied to OOI that DOE would or had 

refused to amend their modification application. Accordinqly, 

th• OOI in reviewing tha adminiatrativa record, could not have 

considered that •irrelevant• factor when acting on the DOE 

application. 

3) DOI And SUI Considered All Relevant Factor• 
Before Approvinq P.L.O. 6826. 

rurtharmore, Plaintitt'• tactual alleqation that DOI 

and BLM failed to consider tactora which were relevant, and in 

particular factors bearinq on retriavability, ia •imply incorrect 

in view ot the administrative record. The discussion earlier 

concarninq SLM'• development of the co~'• case file tor the 

moditication application demonstrates that DOI and 8LH did 1ft 

fact review all of th• necessary material required by th• FLPMA. 
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and it• ra;ulations. 3' It 11 clear that the BUI 1n4ependently 

reviewed both the draft SIIS and th• fSEIS, and that both 

docwnenta included detailed analy•i• of the retrievability of 

waste. Al2m1n. Ree. II. i.>7 Moreover, th• DO! included with it• 

modification application a detailed Waste Retrieval Plan which 

ap•oif ioally addreaaea the iaaua of time of retrieval tor TRU 

wa•te emplaced during the Teat Phaae.31 Plaintitf'a factual 

alleoation that BUI and DOI tailed to consider relevant t&~tor• 

pe~aininq to ratriaval ot the wa•t•, therofore, i• •imply 

inacourata. 

v. TH! S!C!t!TARY OF ENERGY IS IN FULL COMPLIANCE 
WITH NATIONl.L !NVIRONXE.NT.1.L POLICY ACT. 

NEPA require•, amon9 other thinqs, that 9ovarnmant 

otticial• con•ider reaaonable alternative• to propoaed action• 

which may have a a1qnit1can~ effect on the hwnan environment. 42 

o.s.c. 4332(C)(iii). Plaintitt oontand• that delay of tha WIPP 

3Stt ia clear that even the secretary, the ultiaate daci•ion 
maker in DOI, considered tha issue ot ratriavability. IA& 
diacusaion, section IV.A.1 •• 1upr1.; .I.A&~ Admin. Rae. at I·Q; 
JW\e 13 Letter ot Manuel I.Qjan, Secretary of DOI, to Admiral 
Watkin•, Soerotary of DO!, statinq: •r would al•o lika ~o 
empha•iie the importance ot aaaurinq the retrievability ot waste• 
emplaoed at WIPP tor the Teat Phaea. I am aware that DOE ia1ued 
a Wa•ta Ratriavai Plan that outline• how waa~• em~1aoe4 durinq 
the Teat Phaae would be recovered tr01ll under9round, if naeded. I 
not• in your Daaiaion Plan that emplacamant and retrieval of 
s1mulata4 te1t waste• w111 ~· damonatrated thrcuqh th• Inteqrated 
syatea Checkout prior to the Te1t Phaaa ••• • 

37Whila the FS!IS doe• not itaalt addr••• •pecitically the 
time for retrieval of vaate, it doaa reference th• Wa•t• 
Retrieval Plan vhich do•• in tact diacua1 the 1saua. Adlllin. Rec. 
IV.JJ. 

38a1.1 rootnota 2z and 2l. 
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testinq phase pendinq leqislative withdrawal is •uch an 

alternative, ahould hava been considered, and waa not. 

Contrary to plaintiff'• alleqations, th• Final 

Supplement Environmental Impact Statement (SEIS) for WIPP fully 

complie• with th• requirements of the National Environmental 

Policy Act. The SEIS contains a detailed analyaia of the 

environmental impacts ot the propo•al and all reasonable 
. 

alternatives. All public comment• received on th• draft SEIS are 

summarized and raapondad to in Volume 3 of the SEIS. Plaintiff 

alla;•• that DOI did not analyze the alternative of leqislative 

land withdrawal. However, th• S!IS clearly states that 

leqislative land withdrawal was analyzed aa part ot the propo••d 

action and was the preferred mechanism tor withdrawal of the WIPP 

site lands for purposes ot pursuing th• propo••d action analyzed 

in the SEIS. (Admin. Rec. II.I (Vol. 3, pp. SS•S7).) 

Administrative land withdrawal under FLPMA waa being pursued 

parallel to tha preferred leqi•lative withdrawal. (Admin. Rec. 

II.E (pp.10-11) .) Tharatora both mean• ot land withdrawal were 

analyzed in th• S!IS a• part of the proposed action. 

The plaintitt i• tactually wrong in atatinq that DOE 

did not mention l•gi•lativa land withdrawal in it• ROD. DOI'• 

Record of Decision (ROD) isaued June 22, 1990, aqain reiterate• 

that leqislative land withdrawal i• DOE'• preferred option and 

discusse• DOE'• aubmiasion ot a proposed bill to congress on 

April 3, 1990. Th• ROD also aeJcnowledqea DOE'• parallel raqu••t 

that the secretary of th• Intarior ••• •modity tha current PUblic 
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I.and Order to allow th• r•ceipt ot waste at the WIPP tor the Teat 

Phase in tha event that Conqresa does not enact land withdrawal 

legislation.• ~ The phased development ot WIPP in a manner 

conaiatent with Public Law 9~-164 under either leqislative or 

administrative land withdrawal i• in tact the proposed action ot 

the SEIS and is extensively analyzed. 

The plaintif t further allaqa1 that the S!IS doea not 

consider the alternative ot an indefinite delay in the 

emplacement of wastes in WIPP tor the Teat Phase pending 

enactment or leqislativa land withdrawal. Contrary to this 

allegation, tha alternative ot not amplacinq wastes at WIPP tor 

the Teat Phase was analyzed in th• SEIS as the Alternative 

Action. A• discussed in response to a comment of the DOI on the 

Admin. Rec. II.! (Vol. 3, p. 67), the impacts ot delayin; tha 

receipt ot waste at WIPP pendin; the passaqe ot a laqislative 

land withdrawal would reault in impact• tunctionally similar to 

those of the Alternative Action analyzed in the SEIS. The 

Alternative Action is described in section J.2.2 (Admin. Rec. 

II.E., Vol. 1, p. 3-43) and th• environmental consequence• ot the 

alternative action are de1cribed in section 5.3 (Admin. Rec. 

II.E., Vol. l, pp •. 5•112 • 5•125). Under thia alternative DOE 

would not proceed with the Test Phase at WIPP but would conduct 

the bin scale teata in a specially enqineered above qround 

facility constructed for that purpose at an existin9 waste 

qeneration and storaqe aite. Thi• alternative encompasses the 

alternative (considered in the DOI Record ot Cecialon) ot 
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extandinq th• WIPP land withdrawal until 1997 without modity1nq 

it to allow reoeipt of wait•• for th• Teat Ph•••· Basically th• 

same information could ~· qathered from theae teets a• from th• 

bin acala experiment• proposed to be conducted at WIPP. However, 

•• noted on page ,_,, ot the S!IS thia alternative would delay 

etart of th• bin acal• teat• for ~out 2 years. Thi• Alternative 

Acticn ie the only reasonable alternative to procaedinq with the 

Teat Phase at WIPP and therefore ~ound• th• impacts to poatponin9 

amplaeament of radioactive wa•~•• at WIPP. A• diacu•••d on paqea 

3-44 and 3-45 of the SIIS, DOI d11miaaad aa unreasonable tha 

alternative• ot performinq experiment• in aupport of the 

performance assessment with simulated nonradioactive waste and 

procaadinq with tha perrormanca a11a11aent with no new teata. 

Aocordin9ly, th• SIIS do•• analyz• .. tha impacts ot ~• ru11 ranqa 

of reasonable alternative• includin9 th• alternative au99aate4 by 

the Pla1nt1tt. 

Aa alraady diacusaad, tha environmental i=pact• ot 

proceedinq with th• T••t Ph••• under laqialativa land withdrawal 

are analyzed a1 part of th• propoae4 action. Plaintiff'• 

auqq••tion ~ha~ thl secretary ahould con•ider ditterencea in 

impacts ~aeau1e conditions may be imposed by con;ress durinq the 

la9ialative procea•, would require DOI to anga9e in speculation. 

such idle apeculation 11 not required by NEPA. !'Urther a n~•r 

of ~h• conditions su;;a1ta4 ~Y the plaintitta 1uch aa outside 

requlatory ov•raiqht are incapable of aaanin;tul analyaia under 
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NEPA. Chapter 5 ot the SEIS does discuaa mean• to mitiqate 

impact• ot the proposed Teat Phase. 

DOE is not aware of any siqniticant new circumstance• 

or information relevant to environmental concern• that require 

the preparation of a supplement to th• SEIS at this tima.39 

The S!IS also considers the instability ot WIPP'• 

underqround tacilities. Geologic instability ia the nature ot 

salt tormulationa. The SEIS discusses the issue ot retrievable 

and room stability in re1ponsa to col'l\menta on paqea 294 and 295-

299 aa well as in th• gody of the SEIS. Admin. Rec. II.E (Vol. 

1, 6-J and 6-8).) The record clearly establish•• that DOE ha• 

~••n and is committed to assurin; that the wa•t•• are tully 

retrievable durinq the proposed Teat Phase. I4... at 5-8 and Vol. 

3, p. 294. In fact, it i• legally required to be able to 

retrieve th••• wastes by EPA'• conditional No Mi9ration Variance 

Determination under RCRA. As stated in the ROD, during th• Test 

Phase the wa•t• will be emplaced in a tully retrievable manner. 

DOE convened two expert panels to review the dasiqn ot the 

tacility to assure that DO! can honor its commitment, aa well •• 

the leqal requirement, that the wa•t•• will be fully retriavabla. 

Reports of theae_panels have confirmed that the dasiqn of WIPP 

aeaures that tha waate will be tully retrievable during the Teat 

Phase. Therefore, there is no siqnificant new information that 

require• a supplement to th• S!IS. 

39Aa stated in tha S!IS and ROD, DOE has committed to 
another suppl.ment to the SEIS at the end ot the test phase. 
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In 1hort, laqialative withdrawal was considered as part 

ot the proposed action and delay wa• considered aa an alternative 

to the action taken. NEPA has not been violated. 

VI. THE WIPP PROJECT HAS INTERIM STATUS UNDER TH.! NEW 
MEXICO HAZARDOUS WAST! ACT. 

~. Introduction. 

On Auquat 27, 1990, the Director ot the New Mexico 

Environmental Improvement Division wrote a letter to DOE'• WIPP 

project manaqer, requiring two thinga so that DOE could legally 

teat WIPP under the New Mexico Hazardoua Waata Act1 that DOE tile 

a Part A hazardous waste permit application by January 22, 1991, 

and that it file its Part B permit application ~y February 21, 

1991. DOE complied with both requirements, but now New Mexico 

claims that WIPP do•• not have •interim atatua• under the New 

Mexico Hazardous waste Act. 

In ita •Memorandum in Support ot Motion for Temporary 

Restraining or~ar•, at pp. 21-23, plaintiff New Mexico claim• 

that DOE •haa not complied with, and ha• misrepresented it• 

compliance with, the terma of Public Land Order No. 6126.• In 

support ot thi1 allegation, New Mexico claims that DOE informed 

DOI that DOE had complied with the procedural requirement• tor 
.. 

•interim atatua• under the Resource Conaervation and Recovery 

Act, 42 u.s.c. 11 6901, At Al.SI• c•RcRA•), when the New Mexico 

Environment Department had •preliminarily determined that WIPP 

may not quality tor interim atatua under the New Mexico Hazardous 

waste Act.• Memorandum in Support at 22. Th·eretore, 

•Presently•, according to New Mexico, •ooE ia not in compliance 
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with it• RCRA or HWA responsibilitie•. Havinq procured th• 

Notico to Procaed on falsa qrounds, DOE may not ship vaata to th• 

WIPP.• 14. at 23. 

New Mexico'• allegations are baael•••, and in fact, 

dafendant• ara entitled to •Ullllllary judqmant that t.ne WIPP project 

has •interim atatua• a• a matter of law under both RCRA and th• 

New Mexico Hazardou• Waate Act, N.H Stat. Ann. S 74~4-1, !l ~· 

(Michie 1t91) ('HWA•). 

B. Iptarim statue under RCRA. 

R~ wa• enacted by Conqresa in 1976 to provide •eradla 

to ~rave• requlation ct •solid vaatea•.40 Inoluded within that 

definition are •hazardous wastes•, which may be either •11ated' 

~Y the Adm1n11trator or the Environmental Protection Aqency 

(•EPA•), or which may ba eon•idared hazardoua by virtue of the 

waste exhibiting varioua •oharaotariatica• of hazardoua waata. 

RCRA section 3001, 42 u.s.c. I 6921. Subtitle C of RCRA, 42 

u.s.c. t 6921, ~ .1..1.;., directs EPA to eatabliab a comprehensive 

systam 9ovarnin9 th• qanarat1on, transport, storaqe, treatment 

and diapoaal of hazardoua waatoa. 

40 •solid waate• ia dafinad in RCRA &a •any qarba~a, retuaa, 
sludqe trcm a wa•t• trea13ant plant, water supply treatment 
plan~, or air pollution control tacility and ot.her di•aardad 
material, includinq solid, liquid, ••miaolid, or eon~ained 
qaeeoue material reeultin9 from induatrial, commercial, ~ininq, 
and aqrioultural operatione, and from community activitiaa, but 
do11 not ingluae solid or diasolved material 1n comeatic sawaqe, 
or eolid or diaaolved material• in irriqation re~urn flova or 
industrial discharg•• which are point sources aubject to permits 
under 1ec~ion 1342 ot title 33, or acurce. spacial nuclenr. or 
byprgdue$ moteriol 11 definad by tht Atomic lnenry Act of 1254, 
11 amended C§B stat. 92]) ••• • [Ellphaaia auppl!Ad]. RCRA 
section 1004(~7), 42 u.s.c. I 6903(27). 
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RCRA specifically excludes from requlation •aource, 

special nuclear, or byproduct material aa defined by the Atomic 

Enerqy Act ot 1954, as amended.• RCRA section 1004(27), 42 

u.s.c. I 6903(27). Th• hazardous waataa at iaaua in thi• ca1e 

are known a• •radioactive mixed waatea•, which are defined as 

•any matrix containing a RCRA hazardous waste •• def 1ned in 40 

CFR 261 and a radioactive waste aubjact to the [Atomic Enerqy 

Act].• 53 Fed. Re9. 37045, 37045 (Sept. 23, 1988). Th• actual 

radioactive component is commonly classified a• #hi9h-leve1•, 

•low-level•, or •transuranic•. •Tranauranic• (or •TRu•) 

radioactive waatea are those with an atomic number qreater than 

92, includinq plutonium. •TRU-mixad waste•, the waste subject to 

t••tinq at WIPP, i• therefore composed of hazardoua waatea a• 

defined by RCRA, combined with certain radioactive materials that 

are raqulated solely under the Atomic Enarqy Act. Althouqh 'l'RU

mixed waste thua includes some material• which are excluded trom 

reCJUlation under RCRA, the mixture ot those radioactive material• 

and RCRA hazardous wastes are aubject to requlation under RCRA 

unle•• health and •atety concerns mandate other manaqement. 51 

7ed. Req. 24504 (JUly 3, 1986). 

RCRA p:ohibita the traatmant41, •toraqe•Z, or diapoaal 

41 RCRA datinea •treatment• of hazardous waste aa •any 
method, technique, or process, including neutralization, daaigned 
to chanqa tha phyaical, chemical, or biological character or 
compoaition ot any hazardoua waata so as to neutralize such waste 
or so aa to render auch wa•t• nonhazardous, aater for transport, 
amanal:»le for atora;a, or reduced in volume. such term includes 
any activity or procesainq dasi;nad to chanqe the physical fora 
or chemical composition of hazardous waste ao as to render it 
nonhazardoua.• RCRA section 1004(34), 42 u.s.c. fceac1~a•J ••• ) 
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ot43 hazardous waste• by any facility unless the treatment, 

storaqe or disposal facility c•tso facility•) either first 

obtains a permit from EPA or an •authorized atata•44, RCRA 

section 3005(a), 62 u.s.c. I 6925(&), or satisfies the conditions 

tor •interim atatua• pending processinq and iaauanee of a permit, 

RCRA 1ection 3005(e), 42 u.s.c. I 6925(a). 

In its ori;inal form, •interim status•, which allowed a 

TSO tacility to operate without a permit, applied to tacilitiea 

which (a) were in existence on October 21, 19761 {b) gave 

appropriate notification of hazardous waste activity; and (c) 

which had made timely application for a permit. RCRA section 

3005(e), 42 u.s.c. I 6925(•)· The statute was amended in 1980 to 
change th• date upon which the TSD facility must have been in 

existence to November 19, 1980. Th.• purpose of this type of 

interim status was to allow already existin9 TSD facilitie• to 

42 •storaqe• under RCRA means •the containment of hazardous 
waata, either on a temporary baaia or tor a period of years, in 
such a manner aa not to constitute d11posal ot such hazardous 
waste.• RCRA •action 1004(33), 42 u.s.c. I 6903(33). 

43 RCRA •disposal• i• •the di•charqe, deposit, injection, 
dumpinq, apillinq, leakinq, or placing of any aolid waata or 
hazardous waste into or on any land or water so that such solid 
waste or hazardoua·· waste or any conati tuant thereof may enter the 
environment or be emitted into the air or discharqad into any 
waters, including ground waters.• RCRA section 1003(3), 42 
u.s.c. I 6903(3). 

44 Moat atataa al•o have hazardoua waste manaqamant laws and 
state permit requiraments that apply in addition to RCRA. As 
will be explained more fully below, in order to reduce 
duplicative raqulatory schemas, RCRA contain• provi•iona which 
allow states to operate and enforce their awn hazardous waste 
management law• in lieu ot RCRA if a state passes laws at least 
as •trinqant a• RCRA. 
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continue operatinq pendinq the permitting process. Vinalan~ 

Chemical Cg, v, United St1te1 E.P.A., 810 F.2d 402, 407 (3rd Cir. 

1987). A facility with interim status •shall be treated a• 

havin9 been i••ued such permit until auch time as final 

administrative disposition of such application ia made•, unlesa 

it 1• proven that the final administrative decision was not made 

due to the applicant's failure to provide information. RCRA 

section 3005(•), 42 u.s.c. I 6925(a). 

on November a, 198•, the Hazardous and Solid Wasta 

Amend.manta of 1984 c•HSWAw), a major revision of RCRA, were 

aiqned into law. Under the pra-HSWA varaion of RCRA, only TSD 

facilities in existence (or who•• construction activities had 

commenced) as of November, 1980, ware eligible for interim 

status. HSWA added a new 1ection 3005(e)(l)(A)(ii), 42 u.s.c. I 

6925(e)(l) (A) (ii), which extended interim status to facilitie• 

•in existence on th• •ffactiv• data ot statutory or raqulatory 

chanqea under this chapter [i.e., RCRA] that render the tacility 

subject to the requirement to hava a permit under this section 

• • • • • 'l'hua, a facility already in existence at the time that 

it became subject to th• permit requ.iramenta due to a chanqe in 

RCRA or the requlationa promul9ated thereunder could obtain 

interim status - therefore 9ivin9 it time to 90 throuqh the 

permittinq process without havinq to shut down in the meantime. 

An application for a RCRA permit for a TSD facility is 

comprised ot a •Part A• and a •Part s•. The Part A i• an 

a~~reviated document which include• descriptions ot the 
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activities to be conducted that require a RCRA permit: the 

location of the facility: identity ot the owners and operator• ot 

the tacility: the hazardous wastes to be treated, stored or 

disposed ot at the tacility1 other parmita under other proqrams: 

and th• nature ot the ~usine••· 40 CFR I 210.13. 

The Part B application, on tha other hand, i• an 

extremely detailed document which is to include, among many other 

things, a description of how the facility will comply with the 

•ubatantive r•CJUlation• 9ovarninq the operation of interim 

hazardous waste manaqement tacilitiea.45 40 CFR ti 270.14 -

270.29. 

In order to quality tor interim atatu• under RCRA, 

owners and operators ot hazardous waate manaqement facilitiaa •in 

existence on the ettective date of statutory or raqulatory 

amendment• under the act that render the facility aul:»ject to the 

requirement to have a RCRA permit• must submit their Part A 

application no later than 

(i) six month• attar th• date ot publication of 
requlationa which f irat require them to comply with the 
standard• aet torth in 40 CFR Part 265 or 26&, or 

(ii) Thirty day• after the 4ate they first become 
subject to the atandard• aet forth in 40 CFR Part 265 
or 261, whichever tirat occura. 

40 CFR t 270.lO(e)(l). In the preamble to the rulamaking which 

established the 30 day requirement ot subpart (11), !PA 

interpreted that portion of th• requlation to apply to facilities 

45 40 CFR Part 265 aeta torth th• interim status s~andard• 
for owner• and operator• ot ha1ardoua waate treatment, atora9e 
and di•poaal faciliti••· 
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which become subject to RCRA permit requirements aa a result ct 
changes in their mm operations, and not due to chan9ea in th• 

law or requlations. An example qiven by EPA was a small quantity 

qanerator startinq to qenerate larqer quantiti•• ot hazardou• 

waate, so that a permit would be required. 45 Fed. Raq. 76630, 

76633 (Nov. 19, 1980). The 30 day Part A submission requirement 

makes aenaa in that context, because the facility should be 

charqad with knowledqe ot its own operations and when it mak•• 

itsel: subject to requlation, aa opposed to the situation when a 

facility whose operations do not change become• requlated aa a 

result ct revisions in the law. In the latter instance, the six 

month period ct 40 CFR I 270.10(•) (1) (i) appliea.46 40 CFR t 

270.70(&) states that a peraon who owns or operates •a tacility 

in existence on th• effective data of statutory or requlatory 

amendments under the Act that render the facility subject to the 

requirement to have a RCRA pe:niit shall have interim status and 

shall be treated as havin9 been i•sued a pennit• to th• extent 

the per1on ha• (a) 1ubmitted a RCRA section lOlO(a) notice.of 

hazardous waste activity (it required) and (b) complied with the 

requirement• ot 40 CFR I 210.10 on Part A aubmiaaiona. 

Th• 1914 HSWA amendment• to RCRA al'ao added what are 

known as the •1caa ot interim status• provisions, section 

300!(•)(3), 42 u.s.e. I 692!(a) (3), which atata1 a• followe: 

46 In addition, a TSD facility must •ubmit a Part B 
application within six months of a raqueat by EPA. 'o Cl"R I 
270.10(•)(4). 
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(3) In the case of each land diaposal facility which 
is in exiatenc• on tha effective date of statutory or 
raqulatory chanqea under this chapter that render the 
tacility subject to tha requirement to have a permit 
under this section and which ia granted interim atatua 
under this subsection, interim status shall terminate 
on the date twelve month• after the date on which the 
facility tirat becomes subject to such permit 
requirement unlasa th• owner or operator ot such 
facility --

(A) applies for a final determination raqardinq 
the issuance of a permit under subsection (c) of thi• 
section for such facility before the data twelve month• 
attar the date on which the facility firat becomea 
subject to such permit requirement; and 

(B) certifies that such facility is in compliance 
with all applicable groundwater monitoring and 
financial responsibility requir.menta. 

The EPA regulation implementin9 ••ction 3005(•) (3) is 40 CFR I 

270.73(d). Under that provision,intarim status would be 

terminated it, in tha case of a land disposal tacility, the 

owner/operator tail• to submit a Part B application and 

certification that the facility is in compliance with groundwater 

monitoring and financial responsibility requirement• within one 

year attar the facility first becomes subject to permitting due 

to statutory or regulatory chan9••· 

To summarize, under the RCRA/HSWA statutory and 

requlatory •chame, a TSD tacility which become• eubject to RCRA 
. . 

permitting requirement• aa tha result of a statutory or 

requlatory cban;a under RCRA obtains interim status if it sU):)mits 

a timely notice of hazardous waste activity (it required) and 

aubmita Part A of its RCRA permit application within six month• 

ot the publication of th• regulations which subject it to 

parmittinq. RCRA aection 3005(•) (1), 42 u.s.c. 6925(e) (1)1 40 
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CFR I 270.lO(e)(l)(i). A.land disposal tacility which ia 

subjected to RCRA permittinq requirement• under thoaa same 

conditions will automatically ~ its interim status unleaa, 

within 12 months attar the date on which the facility become• 

subject to the permit requirement, it submits a Part B 

application and certifies compliance with groundwater monitorinq 

and financial responsibility requirements. Section 3005(e)(3), 
. 

42 U.S.C. I 6925(e)(3); 40 CFR I 270.73(d). Theae latter 

provisions on the lo•• of interim status were adopted pursuant to 

the 1984 HSWA amendments. 

c. New Mexico's Authorized Hazardous Waat1 Mana;amont 
Program. 

Pursuant to section 3006(b) of RCRA., 42 u.s.c. t 

6526(b), EPA can authorize state hazardous waate proqrama to 

operate in lieu ot RCRA it they meat certain criteria. The 

criteria tor !PA authorization require that the state law prOCJram 

be equivalent to the federal pr09ram, be con•i•tent with federal 

or other state pro9rama, and provide for adequate enforcement. 

If a state hazardoua wa1te program i• so authorized by EPA, th• 

atata carriaa out it• proqram •in lieu of the Federal program 

under this subchapter in such State [and may] issue and enforce 

permits for the storaqe, treatment, or disposal of hazardous 

waste ••• • Section 3006(b), 42 u.s.c. I 6926(b). In ••••nee, 

when EPA authorizes a atata hazardous waste program, that 

proqram, rather than RCRA itself, becomes the law which TSD 

tacilitie• in that atate muat follow. 
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On January 11, 1985, EPA published a notice 9rantin9 

New Mexico final authorization to operate it• hazardoua waste 

proqram in lieu of RCRA: 

Accordinqly, Naw Mexico is granted Final Authorization 
to operate its hazardous waata management proqram. 
Subject to [HSWA], New Mexico now ha• reapon•ibility 
for permitting treatment, atora9e and diapoaal 
faciliti•• within it• border• and tor carryin9 out all 
other aspects ot the RCR.A program. New Mexico also has 
primary enforcement responsibility, althou;h EPA 
retains the riqht to conduct inspections under section 
3007 of RCRA and to take enforcement actions under 
sections 3008, 3013 and 7003 ot RCRA. 

so Fed. Raq. 1514, 1516 (Jan. 11, 1985). 

Tha 1984 HSWA amendments to RCRA which related to •the 

qeneration, treatment, storaqa or disposal ct hazardous waste• 

were made applicable to all states, whether the •tat• program vaa 

authorized or not, and were to be entorcad by !PA in each state 

until that state was finally authorized (or was qranted interim 

authorization) to enforce state law in lieu ot those HSWA 

requirements. RCRA section 3006(q) (l), 42 u.s.c. I 6926(q)(l). 

That included the lo•• ot interim 1tatua proviaion• ot section 

300SC•)(3). !PA explained the interplay ot th• New Mexico 

authorized pro9ram and HSWA •• follow•: 

A• a result of the HSWA, there will be a dual 
Stat•/Federal·re;ulatory pro;ram in New Mexico. To the 
extent the authorized State proqram is unaff actad by 
the BSWA, the State proqram will operate in lieu of the 
Federal pr09ram. !PA will adJD.iniater and enforce th• 
prohibition• and requirement• of th• HSWA in Nev Mexico 
until New Mexico receives authorization to do so. 
lmonq other thinqs, this will entail the issuance of 
Federal RCRA permits tor those areas in which the State 
is not yet authorized. Once the State is authorized to 
implement a HSWA requirement or prohibition, the state 
pro9ram in that area will operate in lieu of the 
Federal provision. Until that time the State will 
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&••i•t EPA'• implementation ot HSWA under a Cooperative 
Agreement. 

HSWA-related requirements and prohibitions that are 
more atringent than the State'• pro9ram apply in New 
Mexico. Any state requirement that is more atrinqent 
than an HSWA provision alao remain• in effect: thus, 
the univer•• of the more •tringant provi•iona in the 
authorized Stat• proqram and th• HSWA datina the 
applicable requirement• in New Mexico. (New Mexico ia 
not beinq authorized now tor any requirement 
implementinq th• HSWA.) 

so Fed. Req. 1514, 1516 (Jan. 11, 1985). 

D. Th' Ney Mexiso Hazordoua Wattp Act and 
Hazardous Wasta M1noqemant Raqulation1. 

The New Mexico Kazardoua Wa•t• Act adopted many of the 

provision• ot RCRA. N.M. Stat. Ann. I 74-4-9 (Michie 1991) 

atat•• that '[&]ny person owninq or operating a hazardoua waate 

facility who ha• met the requirement• tor interim status under 42 

u.s.c. 6925 shall be deemed to have interim status under th• 

Kazardou• waata Act [this article].• Therefore, it WIPP or any 

other facility in New Mexico would have had interim atatu• under 

~. it would also have that atatua under the HWA. 

N.M. Stat. Ann. I 74-4•4 atataa that th• New Mexico 

state regulatory antity 

A. • • • shall adopt regulation• tor the manaqemant of 
hazardous waate •auiyalent to. and ng mgr• 1trin;1nt 
~' tedaral regulation• adopted by the federal 
environmental protection agency pursuant ~o the 
Reaourca Conservation and ~acovery Act: 

* * * 
(6) requirinq each parson ownin9 and operatin9 an 

existing facility or planninq to conaeruce a new 
tacility tor th• treatment, atoraqe, or diapoaal of 
bazardoua waste identified or listed under thi• 
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subsection to have a permit i1aued pursuant to 
requirement• established by the board: 

(7) eatablishinq procedures tor the issuance, 
auapension and revocation of permit• isaued under 
Paraqraph (6) ct thia aubsection • • • 

[Emphaaia supplied.] 

505 827 8985:182 

Thia determination by New Mexico to mirror the federal 

requirements ot RCRA is reflected in New Mexico'• •Hazardous 

Waste Management Requlationa• (•ffWMR•). Copiea ot tha HWMR 

applicable trom 1988 to the present are included in the 

Administrative Record at III.X. With minor axoeptiona, the HWKR 

adopted the federal substantive requlationa on hazardous waste 

manaqement by interim status tacilitiea, 40 CFR Part 265. HWMJt, 

Part VI, Rule 601. 

In addition, Part IX, Rule 901, atatea in ita entirety 

that •tt]he requlationa of the United States Environmental 

Protection Aqanoy set forth in 40 CFR Part 270, throuqh July 1, 

1990, are hereby incorporated in Part IX of the New Mexico 

Hazardous Waat• Manaqement Requlationa.• It should be recalled 

that 40 CFR I 270.10 qoverns the application of interim statua to 

tacilities which have become subject to permittin9 requirement• 

due to chanqea in statutory or regulatory provision•, while I 

270.73 governs the loaa of interim atatua. Haw Mexico has not 

established any independent standard• relating to qualitication 

tor or termination ot interim atatua under HWA. 

E. Requlatign gt r1di91ctiya mixad w11t11. 

A• described above, -RCRA'. exclude• •source, apecial 

nuclear, or byproduct material aa defined by the Atomic lnerqy 
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Act• from the definition ot •solid waste•. RCRA •action 

1004(27), 42 u.s.c. I ~903(27). 47 Thia exemption led to a qreat 

deal of confusion and debate as to whether •mixed waatea• (i.e., 

wast•• which include both radioactive wastes not subject to RCRA 

and •hazardous waste• aubject to RCRA•) were requlated under 

RCRA. 

on July 3, 1986, EPA issued a notice which atated that 

•wastes containinq both hazardous waste and radioactive wa•t• are 

subject to the RCRA raqulation•. 51 Fed. Req. 24504 (July 3, 

1986). Th• notice stated that 

Givan th• lack of clarity on this isaua, EPA did not 
previoualy require •• a condition of State 
authorization that the state have regulatory authority 
over the hazardoua component• ot radioactive mixed 
wastes. In authorizinq States, EPA did not inquire 
into State authority over the hazardous components of 
radioactive mixed wastes and made no determination ot 
whether States had authority over auch wastes. 
Agcordin;ly. the Agency haa token tht poaition that 
currently 1uthgriz1d State pro;ram1 dp po' •RPlY to 
radigactive mixed waat11. [Empha•i• supplied.] 

51 Fed. Re9. 24504. A• a result, !PA required that authorized 

state• revise their proqrama, if neceaaary, and apply tor EPA 

authorization tor the requlation or hazardous components of 

radioactive mixed wastesi •state• muat demonstrate to the 

appropriate EPA Reqional Adlllini1trator that their proqram appli•• 

to all hazardoua wa1te even it mixed with radioactive waste.• 

47 Similarly, section 74-4-3.1 of the HWA states that 
wNothinq in the Hazardoua Wasta Act • • • shall be construed to 
apply to any activity or substance which i• subject to • • • the 
Atomic Energy Act of 1954, aa amended, (42 u.s.c. 2011 et seq.) 
except to th• extent that auch application or requlation 1• not 
inoonaistent with the requirement• of such &Q~[] ••• •. 
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Isl· Already authorized States which had to amend their state 

hazardous waste atatutes in order to requlate mixed waste• had to 

do so within two years ot July 3, 1986 in order to retain their 

authorization. 51 Fed. Re9. at 24505. 

On May 1, 1987, DOE i••u•d a final interpretive rule 

under the Atomic EnartiJY Act, tindinq that •tor purpo•e• ot RCRA, 

DOE interprets the term byproduct material to refer only to the 

radioactive component of a nuclear waste. The nonradioactive 

chemically hazardous component ot the waate will be subject to 

re9Ulation,undar RCRA.• 52 Ped. Raq. 15937, 15940 (May 1, 1917). 

In doinq so, DOE very narrowly construed the RCRA ••ction 

1004(27) provision, limitinq material• requlated under the Atomic 

Enerqy Act to the radioactive component ot mixed waata. 42 

u.s.c. t 6903(27). 

In the meantime, on April a, 1987, New Mexico amended 

its Hazardous waste Act to provide that •Nothing in the Hazardous 

Waste Act shall be construed to apply to any radioactive waste 

processed and certitied tor emplacement in the mined qeoloqic 

repository at th• waste i1olation pilot plant.• section 74·4-

3 .2. Thi• provision specifically excluded the mixed waste to be 

•mplaced in WIPP.trom HWA requlation. A• indicated a}:)ove, EPA 

had also found, for purposes of tha state hazardoua waat• 

manaqement pr09ram1 authorized by EPA to be operated by th• 

states in lieu of RCRA itself, that radioactive mixed waste waa 

.rui!t raqulated under RCRA prior to mixed waste authorization being 
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qranted to auch states by !PA. 51 Fed. Req. 24504 (July 3, 

1986). 

All a result ot EPA'• and DO!'• tindinq• that 

radioactive mixed waste• wara subject to RCRA, and in an effort 

to provide New Mexico with information ra;ardin; WIPP, DOE 

submitted a Part A application to New Mexico and EPA on July 7, 

1988. The Part A waa not· acted upon by New Mexico, and waa 

returned to DOE in November, 1989, without explanation. 

on September 23, 1988, EPA published a •c1aritication 

of Interim status Qualitication Requirements tor the Hazardou• 

Components ot Radioactive Mixed Wasta•. 53 Fed. Re9. 37045. A• 

of the date of that notice, 44 states had o~tained final 

authorization to administer state law in lieu of the basic RCRA 

hazardous waste program under section 3006 ot RCRA, 42 u.s.c. I 

6926, but only Colorado, South Carolina, Tennaaaee and Wa•hin9ton 

had received the additional authorization needed to r•9Ul&te 

radioactive mixed waate. 14. Unlike EPA's July, 1986 notice, 

which set time limit• tor the atatas to· revise their exiatin9 

hazardou• waata programs and apply tor RCRA authorization to 

regulate radioactive mixed vaate, the September, 1988 

•c1arif ication• addressed th• interplay ot interim status of TSD 

taciliti•• and the regulation of mixed waste. 

A• described above, under 40 CFR I 270.lO(e), a 

facility which becomes subject to permittinq requirements as the 

result of a atatutory or raqulatory chanqe must submit a Part A 

application within six month• of th• requlatory chanqe in order 
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to obtain interim status, ·and under 40 CFR I 270.73(d), in the 

case of a land disposal facility, auch a facility muat submi~ a 

Part B application within 12 months of the requlatory chan;• to 

avoid termination ot interim atatua. Therefore, the dAtJl of the 

regulatory or •tatutory chanq• subjecting the facility to 

permittinq requiremant• is of critical importance, trigqarinq th• 

obliqations to tile a Part A and Part s. EPA set the date an 

authorizad state obtained authority trom !PA to requlata mixed 

waste as the •tri9;ar date• tor obtaining interim statua under 

RCRA or the authorized state program•: 

Facilities treatinq, atorinq, or disposinq ot 
radioactive mixed waste but not other haiardoua waste 
in a State with ba•e pro9ram authorization are not 
subject to R~ requlation until the State program ia 
revised and authorized to issue RCRA permit• tor 
radioactive mixed waate. Tb• 1fta;tiy1 date gt tha 
Stat•'• receipt gt rad!oactiye mixed w11t1 r1qul1tgry 
autborigation trom EPA yill tb1r1tpr1 b1 th• r1gu11ierv 
ehanq1 that aub1act1 th111 TSQP'• to RCBA pangitting 
raquir1m•nt1. [Empha•i• aupplied.) 

53 Fed. Rag. at 37047. 

Still, even though a atata had th• basic RCRA 

authorization approvad by EPA, 

• • • (O]wnera and operator• ot TSDP'• in authorized 
State• are aubject to all applicable stat• lawa. A 
State can aatabli•h it• own data for qualifying tor 
interim atatus, but, in order to be no less stringent 
than th• Federal program, that date may ngt be after 
the effective data of !PA'• authorization to the state 
to regulate radioactive mixed waste. (Emphasis in 
oriqinal.] 

To IUlDl!larize, under state hazardous waate programs 

authorized in lieu of RCRA (purauant to RCRA section 3006), a 

facility treatinq, 1torinq, or diapo1in9 ot radioactive mixed 
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wastes would have intarim.etatue it a Part A permit application 

was submitted within six months ot the ettective data th• 

particular state received mixed waata authorization from EPA. A 

facility would retain interim status it it submitted a Part B 

application within one year of that date. If t:hara wa• eoma 

independent provision of state law which required a more 

atrinqent schedule for o~taining interim atatu•, a facility would 

have to comply with that provision. 

F. HIPP ba1 interim status ao a matter ot lay. 
and is tharatot1 in compliapca with HWA· 

In this case, it ia clear aa a matter ot law that DOE 

obtained interim •tatua tor WIPP under the New Mexico Hacardou• 

Waste Act, and that the interim status ha• not been terminated 

pursuant to New Mexico law, th• loaa at interim status proviaicna 

of RCRA section 3005(•)(3), or the related regulations. 

Aa d••cri~ed above, in 1917, New Mexico amended HWA to 

spacif ically exempt tha mixed waste• to be emplaced in WIPP from 

raqulation under HWA. New Mex·ico waa intoCDed by EPA Reqion VI 

that that provi•ion could lead to the termination of New Mexico'• 

authorization to run its own hazardou• waata management proqram 

in lieu of RCRA because it would make HWA l••• •trin9ant than 

RCRA. Accordingly, effective on February 23, 1989, New Mexico 

repealed HWA ••ction 74·4-3.2, which contained th• exemption tor 

WIPP. 

New Mexico received EPA authorization to antorca state 

law in lieu of RCRA for radioactive mixed wastes atfactive July 

25, 1990. 55 Fad. Rec;. 28397 (July 11, 1990). Tharetora, in 
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order to obtain intarim status for WIPP under the authorized 

state hazardoua waate program, DOE would b• required to tile a 

Part A application tor WIPP by January a,, 1991 (i.e., eix month• 

attar July 25, 1990) and to retain interim atatu•, COE was 

required to tile a Part B application by July 2,, 1991 (one year 

after the mixed waate authorization). DOE met both of these 

requirementa. 

There waa and i• no independent New Mexico atata 

requirement for obtaining interim status or tor termination ot 

that status. Section 74·4-9 ot HWA state• that 'Any parson 

owning or oparatin9 a hazardous waate facility who ha• met th• 

requirement• for interim statua under 42 u.s.e. 6925 shall be 

deemed to have interim status under the Hazardous waata Act.• . 
section 74-4-4 directs the New Mexico adminiatrativa authorities 

to adopt requlationa regarding permittin9 •equivalent to, and no 

more stringent than, federal regulations adopted by [EPA] 

pursuant to the Resource con••rvation and Recovery Act [empha•i• 

aupplied].• Rule 901 of th• Nev Mexico Hazardou• Wasta 

Management Requlationa incorporate• 40 CFR Part 270 without 

raaarvation.41 Therefore, th• tri99erin9 date for filin9 a Part 

41 Part I of the New Mexico Hazardous Waate Management 
Re;ulation• i• entitled •Hazardoua waata Mana9eaant syatam -
General•. Rule 101 adopt• and incorporate• 40 CFR Part 260 
(which i• also entitled •Hazardoua Wasta Mana9emant Sy•tea -
General•) ot the federal re9\1lationa. However, thoaa 
incorporated requlationa are modified by Rule 102. Rule 102.a. 
atataa that •'l'he tollowin9 terms DSlt defined in 40 era section 
260.10 have the meanin9a ••t forth herein• (mapha•i• aupplied)1 
included in that liat i• •Act• or 'RCRA•, which i• modified in 
the New Mexieo version of 40 CFR Part 2so to mean the Nev Mexico 

(continued ••• ) 
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A and Part B was July 25, 1990, the date New Mexico received 

authorization from EPA to requlat• radioactive mixed waate. 

New Mexico apparently aqreed with that asseaamant. on 

August 27, 1990, the Director ot the New Mexico Environmental 

Improvement Oiviaion, Mr. Richard Mitzeltalt, wrote a letter to 

Mr. Arlan E. Hunt, DOE'• WIPP project manaqer, which stated as 

tollowa: 

A• you know, the State ot Nev Mexico received, on July 
25, 1990, tinal authorization from the u.s. 
Environmental Protection Agency tor th• radioactive 
mixed waate requirements as publiahed in the Federal 
Reqistar on July 3, 1986. 

Thi• letter ia to notify you that, as Director of the 
New Mexico Environmental Improvement Diviaion, I am 
requiring the Department of Energy, Waste I•olation 
Pilot Plant (WIPP) Project Office, to •W>mit by 
Wednesday, February 28, 1991, the Part B permit 

48( ••• continued) 
Hazardous Waste Act. Rule 102.a.1. Tha problem with that ach•m• 
ie that •Act• or •RCRA• ia dafin•d in 40 CFR I 2ao.10. It i• 
unclear just what ia meant by Rule 102. 

In any case, it ia obvioua that Rule 102 doa• not apply to 
Rule 901, which incorporates 40 Cl'R Part 270 (on pennitting 
requirement• and interim atatua) into the New Mexico requlatory 
scheme. First, the definitions of 40 CFR I 260.10 apply only to 
40 CFR Parts 260 throuqh 265 and Part 268, ~ Part 270. 40 C1'1l 
I 260.10. second, Rule 901 does not refer to Rule 102 in any 
way, and merely incorporate• all of 40 CFR Part 270 without 
qualification or amendment. Third, Section 74·4-t of the 
Hazardous Wasta Act states that a party which has interim statua 
under RCRA section·3005, 42 u.s.c. I 6925, will be deemed to have 
interim atatu• under the HWA. It ia therefore loqical for New 
Mexico to bava adopted the very raqulation• which daf ine interim 
status under RCRA •• ita own, aince the HWA statutory ta•t tor 
interim status is identical to the RCRA teats. Moreover, any 
other interpretation would place th• r•CJUlation squarely in 
contlict with the clear lanCJUa9a of section 74•4•9 of HWA. 
Finally, HWA 1actian 74·4-4 authorize• the state to adopt 
reCJUl&tion•, but they are epecitically required not to be more 
stringent than those adopted under RCRA. 

·rn awn, New Mexico has incorporated allot 40 CFR Part 270 
exactly aa eet down in the Code.of Federal Regulations. 
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application for th• manaqement of hazardou• waata as 
required by th• Resource conservation and Recovery Act 
(RCRA) (New Mexico Hazardous waste Manaqement 
Requlatians, Part IX, 40 CFR aection 270.l(b)). 

You ara reminded ot th• following requirements tor th1 
HIPP facility to quality for interim 1t1tu1 during th1 
reyiev pariad of it• Pa;:t B p1rm,it applicatign: th1 
Part A Application l!JUlt bl r1c1iyed by Monday, January 
22. 1111 and grgundyatar mgnitorinq qart;iticatign mu•t 
accompany th1 Pa;t B permit application. [EJllpha•i• 
supplied.] 

Admin. Rae. at III.Q. 

In conformance with the law and in good faith reliance 

on the direction ot the New Mexico administrative a9ency 1 1 

direction, DOE timely aubmittad a Part A permit application tor 

WXPP on January 22, 1991 (thua ••curing interim statua under 40 

CFR I 270.10 and Rule 901, HWMR)49, and a Part Bon February 21, 

1991 (in response to the direction of the atata regulator• and 40 

CFR I 270.l(b)). A copy of th• eubmittad Part A ia included in 

th• Administrative Record at III.N., and a copy of th• Part B 

application 1• at III.J. of the AcSJa1niatrative Record.so DOI 

thua qualitiaa tor interim statua at WIPP. 

on July 1, 1991, M•. Xathleen Sianaroa ot th• Haw 

Mexico Environment Department aent a letter headed •preliminary 

49 In it• S-i:>tambar, 1988 Federal Reqiatar notice clarifyin; 
the interim atatu• ot TSD tacilitiea handlin~ radioactive mixed 
waatea, EPA determined that a eeparate notification under RCRA 
section 3010(a), 42 u.s.c. I 6t30(a), waa not required in order 
for thoa& tacilitiea to quality tor interim atatua. 53 Fed. Req. 
37045, 37047 (Sept. 23, 1988). 

50sae also Notice of Receipt ot Part A DOI WIPP permit 
application by N.K. Environmental rmprovea•n~ Division, Admin. 
Rae. at III.M.; Transmittal Latter trom DO! to H.K. Environmental 
Improvement Diviaion1 aubaittal of RCRA Part a application tor 
WIPP, Admin. Rec. at III.~. 
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Determination and Request tor Information• to Mr. Arlen Hunt, th• 

DOE WIPP project director, and Mr. A. Lamar Tre90, general 

manaqar ct Wastinqhouse Electric corporation.(OOE'a contractor on 

WIPP). Th• letter, Admin. Rec. at ?II.E., states that •Baaed on 

the record aa outlined below, NM!D has preliminarily determined 

that WIPP may not quality tor interim status under the New Mexico 

Hazardous Waste Act.• New Mexico contradicted its position ot a 

year earlier and now ar;ued that the chanqe in law or r•CJUlation 

which triggered the one year period tor the tiling ot a Part B 

was not the date EPA qranted New Mexico mixed waste 

authorization, but the earlier date upon which New Mexico 

repealed the WZPP exemption from HWA (February 23, 1989). NMED 

cloaed th• letter by invitinq DO! and Weatinqhou1e to •aul)mit 

their tactual and legal argument• in support of a determination 

ot interim atatua by J\.lly 19, 1991.• DOE did ao on July 18, 

1991. Ad.min. Rec. at III.C. 

Attar recaivinq DOE'• reply, NMED wrote to EPA's Reqion 

VI Reqional Administrator on July 26, 1991, seekinq •confirmation 

of th• legal atandard that !PA would use to determine whether 

WIPP haa federal interim status tor mixed waste under [RCRA].• 

Admin. Rec. at III.I. While couched in term• of inquiry, NMED'• 

letter waa actually a legal arqumant: •Aa NMED read• EPA'• 

September 1988 notice (Sl Fed. Re;. 37045], WIPP will ba aliqible 

tor RCRA interim status only it WIPP is in compliance with 

applicable state law at the time ot the State'a authorization for 

mixed waata.• New Mexico claimed that atata law required th• 
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tilinq of a Part B within.one year of the repeal ot HWA section 

74-4-9, in February, 1989. 

Mr. Georqe Alexander, !PA Re9ional Counsel, Reqion VI, 

re•ponded to NMED'a inquiry by letter ot August 20, 1991, Admin. 

R•c. at III.A. IPA atated that 

Th• repeal ot the state law exemptin9 WIPP from the 
stat•'• hazardoua waata pro9raa waa not the relevant 
r•CJUl&tory chanqe tor determininq interim atatua under 
RCRA Sul:laaction 3005(•) becauae the requlatory chanqaa 
referred to at RCRA Subaaction 3005(•)(3J ar• chan9ea 
under •thi• Act• -- i.e., RCRA. Th• chan~a in atate 
law was not a chan;e under RCRA until th• State became 
authorized to re;ulata radioactive mixed waate under 
RCRA. Al a r11ult. to tba •xtent that State interim 
atatus mirz:gr1 fldtral interim status rcquirement1. 
WIPP wguld hoya baan 1ligibl• for intarim status gn 
.zu1y zs. 1110. wh1n :Ji• 1tat1 r1c1iy1« it• 
authorizatipn tg raqulata radioactiy1 mixed wa1t1. 
[Emphaai• supplied.] 

It i• clearly the ca•• that New Mexico'• interim statua atatuta 

and r•fJ'\llation• are identical to the interim atatua requirement• 

ct RCRA. A• EPA concluded, under federal law, •it WIPP's Part a 

application, and other certiticationa required by the statute, 

war• filed before July 25, 1191, WIPP retained interim statua 

under RCRA.• That b1in9 th• ca1a, than WIPP al•o ha• interim 

atatua under HWA, bacauaa DOZ tiled the required application• 

well in advance of July, 1191. New Mexico'• claim• that there is 

no interim atatua, and that WIPP would tharator1 be in violation 

of HWA permit requirements, ia clearly an after-the-tact 

rationalization and ia un1uatainabla. 

Thara are no diaputed 111uea of material fact, and DOE 

i1 entitled to jUd9Jll8nt aa a matter of lav that WIPP ha• interim 

atatua under HWA. 
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· CONCLUSION 

Because there are no disputed isauea ot ~aterial tact, 

and because detendants are entitled to judqment a• a matter of 

law, swnmary judC]lllent must enter in their tavor, dismi1sin9 the 

~omplaint with prejudice. The court should also grant summary 

judqment that WIPP ha• interim atatu• under the New Mexico 

Hazardous Waata Act. 

Respectfully submitted, 

BARRY M. HARTMAN 
Actinq Assistant Attorney General 
Environment and Natural Raaourcaa 

Division 

.\~Q~~.~ 
MICHAZL W .RUD ~ 
CAROLINE M. ZANDER 
General Litiqation Section 
Environment and Natural Reaourc•• 

Division 
P.O. Box 663 
waahinqton, c.c. 20044-0553 
(202) 272-6010 
(202) 272-6252 
DANIEL W. PINKSTON 
Environmental Datenaa section 
P.O. Box 23986 
waahinqton, c.c. 20026-3986 
(202) 514-0988 
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SUMMARY OF AFFIDAVIT OF 
JOHN F. ABEL, JR. 

Dr. Abel is a Professor in the Mining Engineering Department 

at the Colorado School of Mines in Golden, Colorado. He has 

extensive teaching and consulting experience in the field of rock 

mechanics. He has had five consulting assignments in 1976 

through 1985 concerning the design and construction of the WIPP. 

In April 1991 the DOE's operating contractor invited Dr. Abel to 

participate in the expert panel on the life of Room 1, Panel 1, 

but he had to decline because of teaching obligations. (~~ 9-

10) • 

Dr. Abel testifies that the introduction of radioactive 

waste into Room 1, Panel 1 creates a needless and imprudent risk 

because of roof instability. The room already shows acceleration 

in a closure, which is the best known indication of a potential 

roof fall. The risk of collapse is a present risk, and the risk 

increases with time. (~ 2) . 

Room 1, Panel 1 can be expected to fail by mechanisms 

similar to those which caused the failure of SPDV Test Room 1 (~~ 

16-27). Because of demonstrated acceleration in closure, Room 1, 

Panel 1, is now as unsafe as SPDV Test Room 1 when it was closed 

(~~ 28-29). The risk of collapse increases with time. (~ 30). 

The DOE's supplementary roof support system is not likely to 

prevent the failure of the roof or to significantly delay that 

failure. rt is an unsound engineering design, based upon 

erroneous assumption. (~1[ 31-43). 
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Waste is almost certain to become non-retrievable due to 

loss of the necessary headroom to retrieve the waste. (~ 44) . 

The DOE's design document says almost nothing about warning 

of roof failure. There is no quantified and dependable 

definition of impending failure, which describes circumstances 

which require the room to be abandoned and also allows sufficient 

time to retrieve the waste. The DOE disregards acceleration in 

closure and fracturing, which ought to foreclose use of the room. 

Mining engineers do not know the indications of imminent -- i.e., 

soon, but not sooner than six months -- failure of underground 

openings in salt. (~, 45-47). 

Also, a support system will to some extent damp closure 

acceleration, reducing if not eliminating one possible warning 

signal. (, 50). 

It is scientifically irresponsible, without a reliable 

criterion of failure, to introduce radioactive waste into Room 1, 

Panel 1 simply in the hope that a gravity support system will 

work and no adverse consequences will result . (, 46). It is 

imprudent mine engineering practice to place radioactive waste in 

Room 1, Panel 1. ,, 51) • 
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AFFIDAVIT OF JOHN P. ABEL, JR. 

John F. Abel, Jr., under penalty of perjury, states as 

follows: 

1. I am a Professor in the Mining Engineering Department 

at the Colorado School of Mines in Golden, Colorado. 

2. I make this affidavit to show the Court that the 

introduction of radioactive waste into Room 1, Panel 1, of the 

Waste Isolation Pilot Plant ( "WIPP") creates a needless and 

imprudent risk because of the instability of the roof of that 

room . The room already shows an acceleration in the rate of 

closure--convergence between the roof and the floor--which is 

the best known indication of a potential roof fall. The risk 

of collapse of the roof of the test room is a present risk, and 

that risk increases with time. 

3. Concerning my qualifications, I graduated with high 

honors from the Colorado School of Mines as an Engineer of Mines 

in June 1956. In 1959 I received my M.S. degree in Mine 

Engineering, and in 1966 I received my D.Sc. degree in Mine 

Engineering, both from the Colorado School of Mines. I have 

received a Brunton Compass Award for meritorious work in mine 

engineering (1956) and the Robert Peale Memorial Award of the 

American Institute of Mine Engineers for achievements in 

authorship in the fields of mining and geology (1967). 

4. My employment experience includes tunneling in ice in 

Greenland; mine engineering at a 700 ton per day coking coal 

mining facility near Carbondale, Colorado; and planning and 

supervision of rock mechanics instrumentation programs for 
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Terrametrics, Inc., of Golden, Colorado. I have done part-time 

work for the United States Geological Survey involving 

investigations of stresses around underground rock excavations . 

5. In 1962-63 I lectured at King's College, The 

University of Durham, Newcastle upon Tyne, England. The 

subjects included metal mining methods and rock mechanics 

instrumentation. 

6. In 1966-74 I was an Associate Professor at the 

University of Arizona College of Mines and taught mining 

engineering and engineering geology. During this period I 

returned to Newcastle upon Tyne as a Visiting Professor of mine 

engineering during a sabbatical in 1972-73 . 

7. From 1974 to the present I have been a Professor at 

the Colorado School of Mines in the Department of Mining 

Engineering and have taught rock mechanics and mine engineering 

to graduates and undergraduates. During this period I also 

taught as a Visiting Professor in the Universities of New South 

Wales, Queensland, and Melbourne and Western Australia in 1978, 

and earlier in 1991 taught at the Universidad de Guanajuato on 

the Facultad de Minas, Metalurgia y Geologia at Guanajuato, 

Mexico. 

8. While teaching, I have maintained an active consulting 

practice. A client list and enumeration of prior and current 

work is attached to my resume (ex. A) . Instances of my 

experiences in connection with underground excavations in 

evaporites (i.e., salt, gypsum, potash, trona) are as follows: 
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d. Borns, D.J., and J.C. Stormont, An Interim 

Report on Excavation Effects Studies at the 

Waste Isolation Pilot Plant: Delineation of 

the Disturbed Rock Zone, SAND 87-1375 (1988) 

e. Stormont, J.C., Discontinuous Behavior Near 

Excavations in a Bedded Salt Formation, SAND 

89-2403 (1989) 

f. 

g. 

h. 

i. 

Design Criteria Waste Isolation Pilot Plant, 

Revised Mission Concept -IIA, WIPP DOE-71, 

Rev. 4 (extracts) 

Cook, R. F., Position Paper: Life Expectancy 

of Room 1, Panel 1, Draft (1991) 

Brunwald, H.P., and H.C. Howarth, 

Compression Tests of Roof-Salt Slabs 

Supported by Potash Salt Pillars, RI-3386, 

U.S. Bureau of Mines (1938) 

Brockman, T.R., Panel 1 Roof Bolting, Design 

Calculations, EWP-51-0-0433 

12. I have reviewed the Report of the Geotechnical Panel 

on the Effective Life of Rooms in Panel 1, DOE/WIPP 91-023 (June 

1991), the report entitled Waste Isolation Pilot Plant, 

Supplementary Roof Support System, Underground Storage Area, 

Room 1, Panel 1 (August 1991), and the report entitled Room 1, 

Panel 1, Supplementary Roof Support External Design Review 

(Sept. 19, 1991). The first report (the June 1991 report) 

contains the individual reports of members of an expert panel 

5 



which examined the room stability problems at the WIPP. The 

second report (the August 1991 report, ex. B hereto) contains 

the proposed roof support system, to be installed in an effort 

to prolong the life of Room 1, Panel 1. The third report (ex. 

C hereto) contains the Design Review Panel's appraisal of the 

support system and recommendations. 

13. I have also reviewed the affidavits of Jack Parker and 

Gabriel Fernandez-Delgado, filed in this case. 

14. In have made several visits to the WIPP in connection 

with my consulting work, most recently in 1985. 

15. I explain herein (a) the mode of roof failure which 

can be expected in Room 1, Panel 1, (b) the deficiencies of the 

proposed roof support system in preventing such failure, and (c) 

the lack of any system to warn of impending failure. 

16. When an underground room is excavated the horizontal 

and vertical stresses which exist at depth can no longer be 

transmitted through the void space which was formerly filled 

with rock. These horizontal stresses must pass above and below 

the excavated room. Horizontal stresses therefore become 

concentrated in the roof beam and in the floor of the room. 

17. The exterior ribside (the wall) of a room at the end 

of a panel is subjected to the highest vertical stress, because 

the end pillar is essentially infinite in width and can support 

the total vertical stress present in the strata above the 

partially excavated panel. SPDV Test Room 1 and Room 1, Panel 
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1, are both end rooms and, therefore, subject to maximum 

vertical stress in their exterior ribs. 

18. Certain rocks, such as clay, are incapable of 

transmitting substantial amounts of shear stress. In the case 

of Room 1, Panel 1, there are thin clay seams 2.12 meters and 

3.96 meters above the roof of the test room. These underlie the 

anhydrite "b" and anhydrite "a" seams. (ex. B, Fig. 2.2). The 

presence of the clay seam closest to the roof -- the seam 

underlying anhydrite "b" -- limits the amount of horizontal 

stress that can be transmitted above that plane to the overlying 

strata. Thus, the rock mass between the roof of the room and 

the lower clay seam is, in effect, the only roof beam available 

to carry horizontal stress, and it is only 2.12 meters thick. 

19. The concentration of horizontal stress within the 

2 .12-meter-thick roof beam causes the roof beam initially to 

move in shear between the pillar ribs and the plane of the clay 

seam underlying the anhydrite "b" layer. Horizontal stresses 

therefore are transmitted primarily through the roof beam, and 

not much, if any, can be transmitted across the lower clay seam 

to the overlying rock. Shallow angle shear effects are depicted 

in Figure 5.6 and 5.8 of ex. B. 

20. As the ribside shear fractures grow upward over the 

room, progressively concentrated stresses result in separation 

of the roof beam from the overlying clay seam and anhydrite "b" 

layer, as shown in Figure 5.6 of ex. B. 
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21. The SPDV test rooms show the behavior that can be 

anticipated in Room 1, Panel 1. In SPDV Test Room 1 

extensometer data, measuring separation of overlying strata, 

show that the strata overlying edges of the roof began to move 

downward more rapidly and accelerate as the roof beam began to 

separate from the anhydrite "b" layer in mid-1986 (Figures 5-

8, 5-9), when the room was three years old. The immediate roof 

beam overlying the center of the room began to move downward 

more rapidly and accelerate, once the shallow shear fractures 

reached the clay seam in mid-1987 (Figure 5-5), when the room 

was four years old. Thus, the separation of strata progressed 

from edge to center and from shear to tension. (These figures 

are contained in the Geotechnical Field Data and Analysis 

Report, Vol. II, March 1991, DOE/WIPP 91-012; the "GFDA 

Report"). By comparison, Room 1, Panel 1, is now more than five 

years old. 

22. The strata separation apparent in SPDV Test Room 1 did 

not only involve the clay contact at the anhydrite "b" layer; 

rather, it involved the contact at that layer, the clay layer 

under the overlying anhydrite "a" layer, and still other strata 

as high as fifty feet above the room. (Figures 5-5, 5-8, 5-9, 

GFDA Report) • 

23. Lateral moveme~t is also to be expected, particularly 

as the result of the progressive shearing, and the data so show. 

It can be anticipated that the roof of Room 1, Panel 1, will 

first shear downward and outward, and the outside edges of the 
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roof will move outward with relation to the overlying strata. 

Such lateral movement was observed in SPDV Test Room 1 (Figures 

5-26, 5-27, GFDA Report) . Notably, the lateral movement 

involved not only the clay seam underlying the anhydrite "b" 

layer, 2. 12 meters above the roof, but also the clay seam 

underlying the anhydrite "a" layer, which lies 1. 79 meters 

higher. In other words, detectable lateral movement involved 

strata overlying the roof beam as well as the roof beam itself. 

24. The closure rate is also important data. This 

measures the convergence of the roof and the floor. Table 5.1 

of ex. B shows that the closure rate of SPDV Test Room 1 began 

to accelerate between years 4-5 and 5-6. 

25. According to Figure 5.1 (ex. B), which plots 

convergence data in detail for the room, routine activities were 

suspended in SPDV Test Room 1 in mid-1989, six years and two 

months after excavation. Thus, the DOE clearly concluded that 

SPDV Test Room 1 was unsafe at that time, and one infers that 

the determination was based upon evidence of accelerating 

closure. 

26. Low angle roof fractures, commencing near the walls 

and progressing upward, led to the failure of the roof in SPDV 

Test Room 1 (ex. Bat A-6). I note that Mr. Parker (aff.!24, 

31) and Dr. Fernandez (aff. !12) observed similar fractures in 

the roof of Room 1, Panel 1. These correspond to the roof 

fractures which were observed in SPDV Test Room 1 and led to its 
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failure. Fractures are also reflected in Figure 5.8 of ex. B, 

depicting Room 1, Panel 1. 

27. SPDV Test Room 1 experienced a massive roof fall on 

February 4, 1991, about seven years and ten months after 

excavation (ex. B, Fig 5.1). The shape of the fractured roof 

section suggests that fracturing progressed from the walls 

toward the center until the roof separated on the clay seam 

under anhydrite "b" and fell. (ex. B, Fig. 5. 7). A similar 

failure can be expected to occur in Room 1, Panel 1. 

28. It is difficult to predict the timing of deformation 

and failure of pillars and rooms excavated in salt. It is not 

safe to make broad assumptions about the timing of the behavior 

of a given room based on a small sample, such as the single 

example of SPDV Test Room 1. Moreover, it has not been 

established that the roof over SPDV Test Room 1 and the roof 

over Room 1, Panel 1, are geologically similar, and the 

available geologic sections show dissimilarities (Figures 2.2, 

2.3, 5.2, ex. B). Moveover, Room 1, Panel 1, underwent "staged" 

development different from SPDV Test Room 1 (ex. cat 2), which 

can affect the mode of fracturing and failure and thus also the 

timing. 

29. Based upon the available data it appears that Room 1, 

Panel 1, which is five years and four months old, has begun to 

show the acceleration in closure that appeared in the data for 

SPDV Test Room 1 at the end of year six. Specifically, the 

closure rate for the first nine months of year five has 
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increased substantially from the previous year's rate (Table 5). 

This behavior resembles the acceleration of closure which led to 

termination of routine activities in SPDV Test Room 1. If 

closure acceleration was the criterion applied in deciding to 

close SPDV Test Room 1, then Room 1, Panel 1, should similarly 

be regarded as unsafe for entry. In my opinion, because of 

demonstrated acceleration in closure, Room 1, Panel 1, is now 

as unsafe as SPDV Test Room 1 when it was closed. 

30. The risk of collapse, moveover, increases with time, 

because the failure of the roof of a room involves progressive 

shear fracturing, leading to rapid failure when the downward 

force bearing upon the fractured portion of the roof exceeds the 

capacity of the remaining roof beam to carry the horizontal 

stress and gravity load and to bear the buckling and shear 

stresses as well. 

31. I have also reviewed the proposed supplementary roof 

support system. From the data available to me, this design is 

not likely to prevent the failure of the roof or to 

significantly delay that failure. The design principally relies 

upon 13 foot Dwyidag rock bolts anchored with resin grout to the 

rock salt layer above the anhydrite "b" layer and below the 

anhydrite "a" layer. Below the anhydrite "b" layer these bolts 

are placed in three-inch-diameter clearance holes, which run 

top-to-bottom through the roof beam. The bolts protrude 18 

inches down from the roof. The bolts run through a 1-1/2" hole 

in a transverse steel channel set, which is comprised of three 
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nine foot sections. The channel sets are placed transversely at 

eight to ten foot intervals along the room. There is also a 

lacing and wire mesh system, as described in the report (ex. B 

at 4-6 through 4-8). 

32. The support system design places the entire gravity 

load of the weight of the roof beam, plus the additional 

downward forces caused by shear and buckling, upon the rock 

immediately above the 2.12 meter roof beam. This overlying rock 

is, in effect, a second beam, 1.79 meters thick, and is itself 

overlain by a second clay layer which cannot transmit any 

significant shearing stress. It is unsound engineering design 

to place all reliance on that single overlying beam. The August 

1991 report says that no separation has been detected at the 

anhydrite "a" layer (ex. B. at A-7), but the data on the SPDV 

rooms clearly shows both strata separation and lateral movement 

at that point (Fig. 5-5, 5-8, 5-9, 5-26, 5-27, GFDA Report). 

The rock where the bolts are anchored is not competent ground, 

as the report assumes. (ex. Bat A-10). 

33. In addition, the support system is designed to carry 

only the weight of the roof beam, and it is not designed to 

absorb more than this gravitational force (ex. Bat A-9, D-1). 

But the system will also be called upon to absorb downward 

thrust from both buckling and shear forces. Horizontal stress 

concentrated in and acting on the roof beam will cause it to 

bulge downward near the ribs and buckle downward in the center. 

When fracturing develops, horizontal stress will cause the 
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fractured part of the roof to shear against the overlying rock, 

and the roof will display "rotation" outward and downward (ex. 

Bat 6-3). These forces are very substantial but difficult to 

quantify, partly because roof failure is usually asymmetrical 

(Id.) The buckling and shear forces will probably overload the 

support system and result in collapse unless released as 

developed. 

34. It should also be noted that the channel sets 

constitute a rigid structure, flexing only at the joints between 

sections. Such rigidity, trying to fit straight steel sections 

to a curve, may make it impossible to shift load from an 

overloaded bolt to an adjacent bolt, resulting in continued 

overloading of individual bolts. 

35. The support system assumes that the rock bolts will be 

loaded in tension, but in fact they will be loaded in tension 

and shear, a configuration which reduces their ability to carry 

the gravity load of the roof beam. The shear fractures 

developing near the ribs will result from lateral movement of 

the roof beam which the bolt penetrates. The lateral movement 

will cause the bolt to be bent outward at the point of rock 

slippage, at or below the anhydrite "b" layer. The bolt will 

also be bent back inward where it penetrates the steel channel 

set, when the roof beam moves relative to the channel set. Such 

shear forces will cause bending stresses in the bolt and the 

bolt to fail sooner than it would under pure gravitational 

tensile load. 
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3 6. The three inch clearance hole for the rock bolt is 

inadequate, contrary to the design assumptions (ex. Bat 3-2). 

The support system design assumes that there will be only 1/2" 

of lateral movement per year (ex. B at 4-3). This assumption is 

unfounded, to begin with, because the inclinometer data in the 

August 1991 report itself shows more than 1/2" per year lateral 

movement {Fig. 5-4), and other data show more than 1/2" per year 

of lateral movement in SPDV Test Room 2 (Fig. 5-50, 5-51, GFDA 

Report). 

37. 

movement, 

Even if 1/2" per year were the limit of lateral 

the three inch clearance hole is insufficient. The 

rock bolt will have only one inch of available clearance, since 

the bolt itself is approximately one inch in diameter, and it is 

anchored in the center of the hole by resin grout. 

Consequently, 1/2" of lateral movement per year will eliminate 

all available annular clearance in two years, at which time the 

rock will bear directly against the bolt. 

38. The DOE's Design Review Panel saw the need to enlarge 

the clearance hole "to accommodate the shear displacement 

without imposing shear and bending effects on the one-inch 

diameter anchor" (ex.Cat 3). 

hole (Id.), 2-inch annulus 

That panel recommended a 4-1/2" 

or 4-year life. However, to 

accommodate 1/2" of lateral displacement per year, all outward 

from the center of the room, for seven years, an eight-inch hole 

would be necessary, 3-1/2" annulus or 7-year life. The shear 

forces are likely to be applied near the resin-anchored shaft of 
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the bolt, where the bolt cannot move laterally with the 

clearance hole. The bend will be sharp and the bending stresses 

high. An eight-inch clearance hole would raise still further 

technical questions as to the size and type of bearing plate 

which could carry the bolt tension across an open eight inch 

hole. 

39. Shear forces applied to a bolt are likely to result in 

bolt failure by breakage at the bending point. In addition, 

shear and bending at the anhydrite "b" level would probably 

result in yielding on one side of the anchor, contrary to the 

intention of the design, as the Design Review Panel observed. 

(ex. Cat 3). Moreover, shear forces applied by the roof beam 

as it slides over the bolt result in additional downward 

pressure on the bolt itself, adding to the vertical load that 

the system must bear, in addition to gravity, shear, and 

buckling forces. 

40. The support system will shift stresses to the 

overlying member, imposing loads on the thinner overlying beam 

which has not been subject to design. When the roof beam 

fractures, either partially or entirely, it becomes incapable of 

transmitting the horizontal stresses which it previously 

carried. Those stresses will then flow into the overlying rock 

beam between the anhydrite "b" and the anhydrite "a" layer. In 

other words, the same forces that led to the failure of the 

original roof beam would be applied to the overlying beam. That 

beam would be even more vulnerable to failure under stress than 
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the original roof beam, because the stresses in question cannot 

be shared with an overlying member, because the beam is thinner 

(only 1.79 meters), and because the beam must carry not only its 

own weight but also the weight of the fractured roof, suspended 

below it. There are no estimates in the August 1991 report of 

the time to failure of the overlying beam in such conditions; 

the Design Review Panel says only that it is "critical" that the 

situation be "continuously monitored" and that "alternative 

supplemental support systems may be needed to assure Room 1, 

Panel 1 stability." (ex. Cat 6). The implication is clear that 

the proposed support system is incapable of accomplishing that 

task. This conclusion is correct, for the support system will 

collapse if its anchor points are overloaded, and that will be 

the case. 

41. The support system includes several erroneous design 

assumptions. It is clear that the rock behavior which leads to 

roof failure involves fracturing in salt beds (ex. B, Fig. 5.6 

and p.A-6). The DOE has established a "model" that purports to 

explain the performance of underground openings and was used to 

design the support system (Id. A-1) . This model incorporates a 

conception of the "steady state creep" behavior of salt (Id. A-

4), but it does not incorporate the critical element of the 

brittle behavior of salt --i.e., fracturing -- under stress 

(Id.). The report itself acknowledges that evaluation of the 

performance of a support system using the model must allow for 
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the limitations of the model. 

that this has been done. 

(Id.). There is no indication 

42. There are other mistaken assumptions underlying the 

support system. The design assumes that, once shear fractures 

have developed, roof movement is increasingly associated more 

with gravity than with "salt creep." (ex. Bat 4-1). In fact, 

after fractures begin, shear stresses and shear displacement 

continue to play a major role in the progression of fractures 

toward failure and continue to generate downward forces on the 

roof beam in addition to the force of gravity alone. These 

forces are not anticipated by the DOE's support system. 

43. The support system is based on the assumption that the 

zone of rock between anhydrite "b" and "a" is sufficiently 

stable to provide a good anchor for the support system (ex. B at 

3-2). This is erroneous, as I have described above. Moreover, 

I am concerned that the designers were inhibited by Sandia 

National Laboratory's stated preference that the anchors not 

penetrate to a height above anhydrite "a" (Id. 4-3) and by the 

designers' own desire to avoid the difficulties of setting the 

long rock bolts necessary to reach that height (Id. 4-4). These 

extraneous considerations may have led to adoption of an 

inadequate design. 

44. In addition, even with the support system the waste is 

almost certain to become non-retrievable due to loss of the 

headroom that the DOE deems necessary. One of the design 

criteria for the support system is maintenance of 3.45 meters or 
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11' 4 11 of "minimum access height" (ex. Bat 3-1). A typical 

test room is 3.94 meters high (Id. Fig. 2.2). If one adds roof 

bolts protruding 18 11 (450mm) down from the ceiling, the 

available clearance becomes 3.49 meters, which means that there 

is only a scant four centimeters of excess clearance as soon as 

the roof bolts are installed. It would be foolish to assume 

that this necessary headroom will not rapidly disappear, given 

that the roof and floor of Room 1, Panel 1, are converging at 

the rate of 3-1/2 "per year (Id. Table 5). 

45. Given the shortcomings of the roof support system, it 

is obviously important to know what warning will be provided if 

roof failure threatens to render the radioactive waste non

retrievable. The August 1991 report says almost nothing on this 

subject. It is known that, in an emergency, the test bins and 

apparatus can be removed in approximately six months (June 1991 

report at 3-3). It is also known that the roof will fail at 

some point. What is missing is a quantified and dependable 

definition of "impending failure," backed up by data, which 

conservatively describes the circumstances which both (a) 

require the room to be abandoned and (b) allow sufficient time 

to dismantle and remove the test equipment. Given that 

acceleration in closure of Room 1, Panel 1, has already been 

observed (ex. B, Table 5.1), and roof fractures have appeared in 

the roof adjacent to the ribs, the DOE evidently does not regard 

such acceleration and fracturing as sufficient warning of 

failure to bar use of the room or tests with radioactive waste. 
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It should be noted that Dr. William Thompson, a member of the 

DOE's expert panel, recommended that upon acceleration of 

closure which proceeds for six months, "waste removal should be 

started." (June 1991 report, Thompson report at 20). Dr. Ian 

Farmer, also on the expert panel, recommended that waste be 

removed upon "an increase in roof convergence, associated with 

parting dilation, which is not controlled or reduced quickly by 

installation of cribs or additional roof supports. " (Id. , Farmer 

report at 12). I concur with these criteria, which are met by 

the recent increase in convergence recorded in Room 1, Panel 1. 

This danger signal ought to foreclose the use of the room, in 

the absence of any better indicator of impending failure. 

46. The DOE in fact barred use of SPDV Test Room 1, from 

mid-1989, presumably based on acceleration in convergence rate 

(ex. B, Fig. 5.1). If the DOE has any other criterion of 

impending failure which assures six months time to remove waste, 

it must disclose it and provide the data which support its use. 

This has not been done. Without any such reliable criterion of 

failure, it is scientifically irresponsible to introduce 

radioactive waste into Room 1, Panel 1, where convergence is 

accelerating, simply in the hope that a gravity support system 

will work and no adverse consequences will occur. 

47. In fact, mining engineers are not able to predict 

imminent failure and do not know the indications of imminent -

- i.e., soon, but not sooner than six months -- failure of 

underground openings in salt. To the contrary, when failure 
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occurs, it appears to happen quickly after the first obvious 

warning signals. Gross acceleration over a period of days, not 

years or months, generally precedes roof failure, but when such 

acceleration takes place it is no longer safe to enter the room; 

thus, it is far too late to retrieve radioactive waste. 

Moreover, even long-lived mines with numerous well-documented 

roof failures sometimes experience unexpected roof falls, and in 

the case of the WIPP there is no such long-term detailed 

history. Instead, there is only SPDV Test Room 1, a sample of 

one, which is insufficient data to generalize. 

4 8 . Dr. S . D. McKinnon, a member of the DOE ' s expert 

panel, has stated: 

"Based on the experience with Room 1 of the SPDV area, 
up to two year's advance warning of a failure was seen 
by examining the results of monitoring. As a forward 
process, however, there is always difficulty in 
discriminating signs of failure from other sources of 
noise, for example seasonal variations. Furthermore, 
once 'failure' has started, the process will take 
place at different rates in different rooms due to 
variations in geology etc. There is insufficient data 
available, based on only one failure event, to know 
the variability of this time to failure once warning 
signs have started. Depending upon when it is decided 
that indeed failure is going to take place, six months 
required to remove bins may be inadequate. 

Given that the mechanism of failure is not well 
defined, and instrumentation based on an understanding 
of this mechanism has not been placed, it is 
considered that additional instruments should be 
installed. Only when the failure mechanism is 
reasonably well understood, and instruments have been 
placed to monitor the process, will there be adequate 
tools to provide reliable warning. criteria to 
determine when waste should be removed could be 
developed after the preceding steps have been carried 
out, and only then could any meaningful estimate be 
made of how long a warning period could be given. " 
(June 1991 report, McKinnon report at 22-23) 
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I am in agreement with these statements. Other than 

acceleration of closure, no valid warning system, as Dr. 

McKinnon discuses, exists at this time. Nor is there any 

meaningful estimate of how long a warning period could be given. 

49. Similarly, Dr. Hamish Miller, who sat on the DOE' s 

expert panel and later consulted concerning the design of the 

support system has stated: 

"It is felt that not enough data has been observed to 
date to be sure of describing a criterion for certain 
failure at a given moment in time." (Id., H. Miller 
report, statement 5). 

Dr. Miller recommended further study: 

"It is recommended that a special study be made of the 
data recorded to date, the objective of which should 
be to develop a valid and workable criterion for the 
prediction of 'critical conditions' at the WIPP site. 
The term 'critical conditions' should also be 
defined." (Id.) 

Without such a study, Dr. Miller concluded, "it is impossible to 

say at what stage removal of waste (or human operations) would 

be necessary." (Id.) I am in agreement with Dr. Miller on this 

point. Other than closure acceleration, there is no valid 

definition of conditions which require the removal of waste, 

much less conditions which will ensure that such removal can be 

safely completed. 

50. In this connection, it should be noted that a support 

system such as the DOE proposes will to some extent damp closure 

acceleration, which provides one indication of progressive 

fracturing, and thus will reduce, if not eliminate, one possible 
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warning signal. Any proposed warning criterion must account for 

this damping factor, which is an unknown quantity. 

51. In light of the clear probability of roof failure in 

Room 1, Panel 1; the probability that the same room will 

demonstrate such warning signals (e.g., closure acceleration) 

that it must be evacuated without retrieving radioactive waste; 

the near certainty of loss of essential access clearance; and 

the lack of any clear and supportable criteria for retrieval of 

waste and abandonment of the room, it is imprudent mine 

engineering practice to place radioactive waste in that room. 

I declare under penalty of perjury that the foregoing is 

true and correct. Executed: October 23, 1991. 
/I 

JO 
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Snow, roe ' Pe~a~ro1t le1. lat&b1i1hment, Tech, Rpt. 73, 23 P• 

I 

Abel, Jr., J.r., U.n?•~ Ice Mining Method•• u.1. At"my, snow, Io•' 
Permatro•t R••· 1rtabli1hment, Teoh. Jtpt. 12, 70 p. 

Abel, Jr., J.r. 1 ~c; Tunn~1 Clo1ure Pheno~enar U.1. Army, Snow, Ice' 
P•rmatrcat R••··i~tabli1hment, Tech. lpt. 74, 37 p. 

Abel, Jr., J.P. 'R.tt. Jent\1n91, 19111 Tunnelin; in Olaoia~ Tillt 
!>eplo1iv11 ln~r./ v. 39, no. s, p. 135•142 

Abel, Jr., J.r., 19&5, Tunnel Inatrumentation1 Min•• Kaga1ine, v. ss, 
no. 1, p. 20•2> 
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lu•~X~AflQBI (Continu~d) 
' ; 

Groavenor, N.B. '"~'r A.})•1; Jr,, 1911, M•••urement• on the· Pilot 
Bora tor the Straight creek Tunnel• H19'hwaf R••~ Record' No. 135, 
45 1

h Annual Mt9., ~. 27•34 

Abel, Jr., J.r., 19ee; Rook Meohanio1 %nstrumentation Teohniquesa 
Min•• Ma9a1ine, v, se, no. 3, p. 28•32 

' 
Abel, Jr., J.r., 19~~1 Statiatical Analya1• ot 'l'\lnn•l Support Loadin9 

Faotor&s Trana. AIMI, v. 233, p. 288-301 

Abel, Jr., J,F., 19S7i Tunnel Meohanica1 Quarterl1 Colorado School ot 
Mine•, v. e2, no. ·2, 88 p. 

Nichol•, Jr., T.c., J~ r ~elf Jr. ' r.T. Leel 1968, A Solid. rnclu1ion 
Borehole Proba ~001term1ne Thr••·Dimens onal atre•• Chih9e1 at a 
Poi~t in a Rook M•••• u.s. Gaol. survey Bul. 1asae, p. e1-c2a 

~el, Jr., J.r., 1961~ !valuation of Straaa In•trum.ntation tor 
Pro~eot Payett91 u.s. Geol. survey, Special Prol. - 22, 58 p. 

Nichol•, Jr,, T.c., .r;T. Le.e 'J,p, Abel, Jr., 19CSt, Solid Xnclu1ion 
Threa-Dimen1ional·Borehol• stre11m•ter1 u.s. Patent No. 
3,483,443, ' p~, I 

' Nichol•, Jr., T.c., r,T. Lee 6 J,p, Abel, Jr., 1t~t, some R•l•.tion1 
aetwaon Str•••I .o,oloqic struoture and Underground lxoavation in 
a Metamorphic R~ol,( M••• W••t ot Denver, Coloracfo r u. I. c·aol. 
sutv•Y Prot, Pap•~ as~-c, p. c1a1-c1s2 

Nichol•, Jr. I T.C. I r,'1'. Le• ' J.r. A))el, Jr., 19.lti Som• %..,tl\ienc•• 
ot aeology lnd Mininq Upon the Thr••·Pimen1ion1 ltr••• Field in 
a Metamorphic Rook Ma1a1 Bul. A1100. !n;r9. ceo1., v. v?, no. 2, 
P• 131•143 

Abel, 3r., J.P., 19Ct~1971, Rook•in~the•loxs Hinin; !n;r9., April, 
May, October, N9Y~mb•r 19691 Maroh, Hay, AUfU•t, ootober, 
November, Decamb•~ 1·110 ' AuCJU•t 1971 (monthly f'eatur•) 

Abel, Jr., J.r., 1970~ ~ook Mechanio1 ··can It Pay It• Way?1 Third 
sy~p. on Salt, N. Ohio oeol. 100., v. a, p. 197•207 

Abel, Jr,, 3.r., 1970i Tunnel support•• Where Do•• oeol09y· come In?a. 
Civil En;r;., v. ~o, no. 2, p. at-71 

Abel, Jr., J.r., 1970, Th• Minin9 ln;ineera He Stan4• out1 Mininq 
!n9r9., v. 22, no~ 3, p. 43•44 

Gentry, o.w., r.a. ~endor1ki • J.r. Abel, Jr. 1 111i, Tunnel Advanoe 
Rate Prediction Ba.••d on Geol09io and 1n9 neerin9 Ob1ervation11 
Int'l· Jou~. Rook Keohan1c1 I Nin1ni Soi., v, e, P• 471•47S 



..... 

.. 

... 

SEP 18 '91 11139 033 WILEY EHG P. 1 2 

I - ABlr.. 

IVIL!QlllOll (Contlnutd) 

Abel, Jr., 3.r., 197:t, u.s. Openout Hin1nf and the lnvironinentr Mine 
' Quarry, v. 2, ·no. s, p. 9•10 

Abel, Jr., J.r. • r,T. te•i 1173, ltr••• chan9e• Ah•ad or an 
Advanoin; Tunne1r.Int• • Jour. Rook Keohanice 'M1nin9 act., v. 
10, no. s, p. 673•,98 

' ' 

Abel, Jr., J.F. I J •. J, Reed, 1973, Rook Meohanic1 In1truznentation1 
SM! Mininc; Enc;t-9.: Handbook, v. 1, Sao 13.5 1 p. 13•1'7 to 13•72 

~bel, Jr., J.P. 'r.T~ Lee, 1t1c, stati1tiea1 Analyst• ot Roe~ tcad1: 
u.s. Geol. survey Prot. Paper 111, p. 107•117 

Nichole, Jr., T.C •. 1.v•'• >J)el, Jr., 1975, Mobilised Re1idu~1 lnerqy 
-·A Factor in lock Detormationr Bul. Aa100. ln9r9, Caol., v. 12, 
no. 3, p. 213•235 

Gentry, o.w. ' J..r .• -~•1, 3r., 1978, JtooJc M••• Jaapon•• to Lon;vall 
Minin91 Mine• Maia1ine, v. 65, ~o. 3, p. 11•12, .aa-at ' 

Abel, Jr., J.r, 'w,·N~ Ho1Jdn•, 1978, Continad Core Pillar J:)eai9n tor 
Colorado Oil sh,lt1 Quarterly Colora4o School ot Mine1, ·:Proo, 1111 

Oil Shale S~p., v. 71, no. 4, p. 287•308 

Le•, F.T., J.r. Ab•i,·Jr. 'r.c, Nichol•, Jr., 1111; Th• Re1.°atlon ot 
Geology to str•4e:chanq•• cauaed by Under9round lxcavatio" in_ 
cry1talline ,_oo>c1·.at Id'aho Spring•, Colorado• u~•· Ceol. 1urve1 
Prot. Pap•~ 915 1 47 P• . 

Djah~nCJUiri, r. '3;r~ Ab•1, Jr., 1177, Sy•tematlc Pillar D~1i9n tor 
011 shale• Proo. to"' Oil Shale Syzap., Colo:rado school o.t Kinee, 
p. 74-88 

Abel, Jr., J.r., 19771 TUnft•l rn1trum•ntation1iD1"1baurtace Geolo;y, 
L.W. t•roy I D.O.· Leroy (•d•.), Colorado lchool.ot Minel, p. ,,,. 
736 

Abel, Jr., 3.r. 'D~W~ centry, 1177, sataty ?mplic1ticn1 tron 
Lonqwa11 In1trµ••htation1 Proo. 2nd ?nat. Coal Min• Health & 
sat•ty, Colorado School ot M1ne1, p. 111-a12 

Gantry, o.w. 'J.r .. Abel, Jr,, 1978! Rook M••• Raspon•• to Minin; · 
Panel 4N 1 York Canyon Min11 Kinn; En9r9,, v. 30, no. 3, P• 273· 
280 

Abel, Jr. , J. r. I D~ w:. Qentry, 1971, A LOnqwal1 1@~1denc:a .. ~red lotion 
Models Proo. American soo. ot Civil ln9re. Sp~i~9 Conv, • 
txhibit, Preprint' 3293, p. 51•71 

Gentry, o.w. ' J.P. Abel, ·Jr., 1918, lurtace Re1pon11 to L<ing'Wall 
Minin9 in Mountainou• Terrain• BUl. As100. ln;r;. ceol., v. XV, 
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~LIC.lT!OHI (Contin~~d) 

Abel., Jr,, J,F., J.I.'. Dowi• ' D.P. JU.chard•, 117t, Conorete Shatt 
Ltnin9 Deai9nr Pt~c. ao 1~ u.s. IY1f1P• on Rook Keohanic1, Univ. ot 
Texas, p. 627•140 

' 
Abel, Jr,, J.r. & r.T:. tee, 1980, Sub1idance Potential in Shale and 

ci:yatallin• Rocket u.s. Gaol, lunrey Open Fil• Rpt. 10-1.012, 
4 S) p. 

Rich"i-d•, D.P. a J .• ~•;Abe1, Jr., 1111, Shatt Linin9 De1i9n in Roek1 
Trani. SME/AIMJ, v. 270, P• 1801•1805 

Abel, Jr., J.r., 1982~ lurtaca Subeidenoe Monitorinf Ouid•lin••, 
Pha•• 1 Raporta u.a. Geol. survey Contract No. 14•oa-001-iaa22, 
11 p. , 

Lee, r.T. 'J,F. N:>•l~ Jr., 1983, lub•idenoe trom Under9round Mininq1 
!nvironmontal Ana1yaia and Plannin~ cona1derat1on1r u.a. aeol. 
survey ciroula~ 875, 28 p. · . · . 

Abel, Jr., J.r. 'F·~I Lee, 1984, Lithol09io control• on Sub1idence1 
Trana. SMB/AIMB, y. 274, p. 2028•2034 

I 

Abel, Jr., J.r. I,, b~ahan;uir1, 1184, Application ot Performance 
Data from E"Vap~rite Mine• to Salt Nuclear Wa•t• R•poaitbry 
Dea1qn1 ?nt 11.· 3o~t. ot Minin9 Enqr9., v.a, p. 323•340 

Abel, Jr., 3.r. • R~J~ Spenqler, 1985, In1trumented Fl•Mib1y-tinod 
Loading Poaket1 Min1nq lnqrq., v. 38, no. a, p. 433•437 ., 

' 
~b•l, Jr., J.r., 1'$•~ raotor1 controllin9 Open Pit Slope An9le•1 

Proo. 2n4 Semanario Sobre Cielo Abierto, Hermo•illo, Sonora, 
Mexico, 20 P• 

' ; 
Abel, Jr., J.r., 111•, Parameter• to~ Open Pit Slop• Angle De1i9n1 

Proo. 75~ Jubilee'. cont., TATA Iron I 1t1e1 co., Noamundi, lihar, 
India, 22 P• · 

Abel, Jr., J.r., i~i~~ Limitin~ lquilibr1un Dea1gn ot Open Pit Slope 
Anql••• 29 1

" AMU&.1 Mt9. AZ Section SMl/AIMI, 30 p. 
I . . , 

Abal, Jr., J.r., 1·1aa, Soft RooJc P111ar11 rnt 11. Jour. ot Minin~' 
oeol. En9r;. ~. •, p. 315•241 

l 
Einer•on, D.8. I :1'.r.~ A):)el, Jr. f 1990 1 Tunnel 8UUthead1 f'Ol" Acid Mine 

orainafJ•I Proo:, e)'mp. on Un1qua Under9round struotur11, v. 2, p. 
11-1 to 71•30 ; 
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JOHM r. ABIL, JR, 
Qli1nt Lilt. September 1, 1991 

Minority lnte.~ri•• Service Aasoc•., Ino. 1 evaluation ot 0011 mine 
root 1tabillty determination mathOd• (UT) 

Jenny En~ineerin9 Corp.1 (1) sto:rm Xin9 Min•• Wheeler laam Project 
New ca1tle (CO)l (2) Culvar Sewer Tunnel rehab deai9~· review 
(NY), (3) Detro t Sewer Tunnel bypaa9 rehab ~•1i9n review (MI) 

Oravo corp.1 (l) Carbon county coal co. Hanna Mine underground coal 
mine de1i9n review ;(WY), (2) WIPP Project inetrumantaticn peer 
review panel (NM), '(3) Dobrud1a. Project ahatt linin9' 4••P coal 
mine deai;.n t'eview (Bul;aria), (4) WIPP Project •hatt •tat ion 
atability evaluatio·n (NM) 

O'Appolnia Con1.u1tinq Enqineera, Inc. I (1) en9ineerin; qlaolo9y ' 
rock: meoha'nic1 tor underground ooal •in• d••l;n project (WY) , 
(2) ou;out canyon/Saqe Point Pro,eot under9round coal mine· 
deai9n review (UT) · 

tn9er1oll Rand ~·••aroh Inatitute, Inc.1 USBM Projeot rock 
uieohanic• anlly1i1 tor OFPCAT ooa1 extraction method 1(NJ) 
d••i9n (CA) . 

Advanced Engineerihq Reaourcea, ?no.1 USBM Pro,aat cable boltinq 
root 1upport atud)' (CA) : 

oat•• • Fox1 In~., (1) San retnando Tunnel •upport analy•i•, 
(2) ca~l n funn~l 1upport analy•i• 6 de1ign (NV) · 

centennial Si'lver Co. 1 Auburn J'oint Venture tunnel re~ab, (CO) 
Eaatern Tunneli~g Corp.1 (1) orchard Tunnel 1upport de1i9n' 

litiqation (CO), (3) 'I'y1aok Tunnel •upport ana1y1i• a, de1i9n 
(UT), (3) North~lenn sawer Tunnel 1upport analyai• CCP) . 

Phillips Uraniu~ Co~P·I No•• Rook Min• ahatt station daeign (NM) 
Rook Mountai~ Conaµltant•, rno.1 ltanley canyon t••tin9 (CO) 
!mpir• Iron Minin; Pa27tn•r•hip1 •hear 1trength teatin; (Ml) 
Dunn A••oc•.1 Lcyalhana tm quarry rook ~eattn; I d••i9n '(PA) 
u.s. ror••t l•rv1c•1 Kiqmatit• teating tor ti•h ladder •lope (AK) 
xennecott Communication• Corp.1 A1li9ator Rid;e Kin• roe~ ttatln9 

(NV) . 
Staal, Gardner• Dunne, Ina.1 rock t••tinc; Santa Barbara' .tm, Ronald 

Reaqan Library foundation rook, Seminole Tank rock, chat•worth 
ta, Modelo tm (CA) 

Ttnneoo Mineral·• co. r te1t.in; of wa1tolift pit rocJc (CO) 
chrome Corp. ·ot Am•rioa1 Mt. View Min• rock core t••t1nq (MT) 
Arch of ICent\IOkI 1 compr•••ion te•tin; of Hi9h s·pl int laa·m (ICY) 
Gold Bond Build nc; Produot•1 Shoal• Kin• 9ypaua ' dolomite taatin; 

(IN) 
Goodaon 'Aa1001., Xno.r te1ting ot ooal ~•a1ur• rook• (WV) 
GorlDl•Y con1ult1an~• Xno, 1 (1) te1tinq o.t pit rock (WY), (2) teitinq 

of Argo Tunnel ~ook (CO) 
CSMRI, ?no. r t•1ti'.n; ot pit rook (CO) 
Nat 1 1. ?n•t. to.r P.et~o1eum ' !n•r9Y R•••aroh1 core te1tin9 (TX) 
standard Oil Production co.1 core teatinq (TX) 
Arqae corp. / te1ti,n9 ot chrome min• rook (lfl') 
Aaaooiated Univer•iti•• for Re1earch in. A9tronomy (AURA) 1 ~ltt Peak 

National o~sarvatory toundatlon reintorcement tor 1!0-in. 
telescope (AZ) 
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7:00 a.m. 

8:15 a.m. 

9:00 a.m. 

: 

BQOM 1. pANEL 1. SUPPLEMENTARY ROOF SUPPORT SYSTEM 

EXTERNAL DESIGN REYJEW 

Tuesday, SeptembM 17, 1991 
6:45e.m. 

MHI at Stevena Motel Lobby 
(1829 South ean.J, c.rlabad, NM 88220) 

AQENDA 

Depart for site after vlsltlno Greene Street omc. (Subhash Sethi, Chris Chmura. and 
Hamish MBler to escctt the panel members). 

Security check-In. 

Safety briefing for underground tour (Suppott 8uldlng. Protect Manager's Information 
Center (PMIC) room). 

9:30 a.m. Introductions and wt&come. 

10:00 a.m. WIPP CMM8w preunlatlon. 

10:30 a.m. Surface tow. 

11 :30 a.m. Lunch (cafeteria). 

12:30 p.m. Prepare for underground tour. 

1:00 p.m. 

3:30 p.m. 

4:00 p.m. 

4:30 p.m. 

Underground tow. 

A. Experimental ... 
8. Stcnge.,., 

Wrap-up meeting (Support Buldlng. PMIC roam). 

Depllt far StMN Metil 

.. ......; 

. , .. - ~-~ 

.... 
. ·-

. , 



8:00 a:m. 

8:30 a.m. 

9:15 a.m. 

9:30 a.m. 

10:00 a.m. 

10:45 a.m. 

11:00 a.m. 

12:00 p.m. 

1:00 p.m. 

ROOM 1. PANEL 1. SUPPLEMEN TABY ROOF SUPPORT SYSTEM 

EmRNAL DESlt.'N REVIEW 

-
Wednesda9, September 18, 1991, through. rriday, September 20, 1991 

Motel Stevena 
(1829 South Canal, Carlsbad, NM 8!~20) 

Wldn•scif.Y. Sfotember 18. 1W 

Presentation on Design Review Scope and Oellverat Jles. 

Presentation on Geology and Rock Mechanics • Roy Cook. 

Break. 

Presentation on Design Requirements • Hamish MDltr. 

Presentation on System Design and lnstanatlon ·Chris Chmura. 

Break. 

Presentation on Monitoring and Instrumentation • Roy Cook. 

Additional praentatlona will be made, If required. 

Lunch. 

Panel dlscusslonl. 

2:30 p.m. Break. 

2:45 p.m. 

4:45 p.m. 

8:00a.m. 

Panel discussions. 

Adjourn. 

71!cndtv.Stottmb«1t1U1 

Pa,,.. dlscusslonl continued. Westinghouse provides responses to resolve Issues 
raised by pal1ll memberl. 

F1nllze panel report and sign off. 

Fridw. Stcttmblr 20. tnt 
(.). -

8:00 a.m. . . Pinll ~to ccnlnue, I requhd. 
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;:· :m eigineerirq 
N!~ 887-8182 
:;·e September 9, 1991 
s_:_?cT RXM 1 PAN!f;" 1 St.lPPLEMENrARY R:::OF SUPR:lRI' SYSTEM - EX'I'ffiNAL DESI~ REVIDol 

91-05 

·o T. W. Halversat 

cc: F. G. Ashford, WID L. L. Reed, WID 
J. E. Atche.nsa'l, WID L. M. Renoehausen, WID 
H. L. Bil:lby I WID H. D. Ripley, WID 
T. P. 8.Jrri.rqta'\, WID A. L. Trego I WID 
w. H. caplinqer I WID . ' 
K. M. Omura, WID v. Daub, WPO 
R. F. COOk, WID J. E. Gilbert, WPO 
c. M. Cox, WID E. l(. Hunter I WPO 
L. R. Fitch, WID B. L. Lilly, WPO 
J. J. Garcia, WID J. A. Mewhi.nney I WPO 
J. P. Hale, WID R. L. Wise, WPO 
c. R. Kelley, WID 
T. F. Kccialski, WID S. A. Orrell, SNL 
J. M. Kowalski, WID T. M. SChu.ltheis, SNL 
R. Kuqinskie, WID 
B. S. RUntz, WID 
J. L. Lee, WID 
H. O. Miller, WID caisul. tant 
F. Padilla, WID 
M. L. Petermann, WID 

'Iha Design Verificatie· Plan ct 1luglJ8t 19, 1991, (HA:91:5636) requires an 
:external Design Ravi• to be c:apleta:l. 'it. dm:ails of the E>cternal 
Design Review (No. 91-05) ara 9iVWl below: 

1. 0 EXIDNAL DESIQf RE.VIBf 

1.1 scxa: 'Iba 9Cq)8 of this review will be to ensure that the roof 
~ systm shall pertarm to its designed turctioo 
ps tlw nquiranents established in Design Spec. 0087. 



T. W. Halverson - 2 - September 9, 1991 

1.2 mE OF VWFICAT!Ctf: ntls will be a Formal Design Review. 

1. 3 .st:AGE OF VEJUFIC.ATICH: This will be the Final Design Review by 
technically c:::arpetent reviewers W'ho are not 
a part of the WIPP Project. 

1.4 BEYIEW!l§: '!he Ert.ernal Design Review Panel shall inclu:ie: 

Dr. John Wilson 

Dr. John Byrne 

Olairman, Minirq ~ineerin;, 
t.Jniversity ot Missouri, Rolla 

Golder Assa:iates, Inc. 
Rednald, WA. 

Mr. Tort/ Iannacchione u. s. &Jreau ot Mines, 
Pi ttsbJrgh Researdl center, PA 
(was member ot WIPP Geotechnical 
Panel) 

Or. Parvis Mcttahed Head ot Mininq Technology 
canada Center for Mineral & E)iergy 
Tedmology, 
Elliot Lake, C'anada 
(was member ot WIPP Geotechnical 
Panel) 

Mr. Gary Peterson Enqineerirq Manager, 
cayu;a Rcc::k salt Mine, 
carqill 5alt 

Mr. ~stahl MSHA safety & Health Technical Center, 
Denver, co 

Mr. M. R. Brown, Manllgm:, Spacial Projects, WID Enqineerirq, will act as the 
secretaey tor Dasign RIView Panal. His role is to~ the cha.innan in the 
performance and dcalaltatim of tba Design Review, incluclirq recordi.n:J Design 
Review miJ'utM and doo.mnti1q ac:tiat item, and assistirq the Olai.rman in 
preparinq the o.~ a.viAlf Al!l>01 t. 
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1. 5 DATE ANO PIACE OF REYU,W MEEJ"ING; 

s. c. sethi, Manager 
Mine EN;Jineeril'q 

tw 

HA:91:5657 

'I\Jesday, Sept. 17, 1991 -
WIPP site and urrlergroord visit 

Wednesday, Sept. 18 thrcu;h 
Friday, Sept. 20, 1991 -
Design Presentation and Design 
Review, at Motel st.evens, 
carlsbad, NM (887-2851). 

a:Hl.lRRENCE: 

~~k~~ 
T. w. Halverson, Manager 
F.rqineerirq 



RXM 1, PANEL 1 SUPPLEMENrARY RX>F stJPPORl' S'iSl'EM 

EXTERNAL DESIQI REVIEJol PANEL 

Dr. Jobn Byrne ~ailzes in geoted'llti.cal erqinee.rirq. He has over 16 
years ot ~ience in "the civil, min.i.n; and waste d..i.spc6al irrlustries. 
Dr. Byrne's technical ard managerial experience is broadly based and 
includes projects involvin;J rock erqineerirq (hydro, p.mped storage an1 
CCl!l>ressed air storage caverns; nuclear waste disposal facilities; 
tunnels; mine q>enirqs; rock slopes), soils erqineerirq (fo..in:lations, 
tailin;s dams, water suwly dams, tunnels, soil slopes, leach heaps, 
hazardous and l'lllnicipal landfills, dynamic analysis), an1 off-shore 
ergineerirq (oil platform fQJnjaticrs). 

Mr. Tony Iannacx:hlone is the supervisor of the Reck Medlanics Group at the 
U. s. Bureau of Mine, Pittsb.lrgh Research center. Ha has CD1ducted 
research on minirq related problems tar aver 16 years and is the author of 
over 35 technical papers on the subject. Ou:rently, he is responsible for 
managirq research projects concerned with the design an:i reinforcement of 
pillars, rock mass characterization, rock b.lrst control, mine-wide 
ronitorin;J, and rocktill characterization. Ha has also had considerable 
experience evaluatirq gas cutl:ursts with.in I.o.lisiana an:i New Mexico salt 
and potash mines. Mr. Iannaochiale served on the panel of qeotechnical 
experts convened by West~ and Department of Energy in April 1991 to 
evaluate the effective life of urdergrOJJ'd roars in Panel l of the waste 
storage area. 

or. parviz Ii2ttahed is the head of the M.in.in;i Technology Section at the 
canada center for Mineral and aiergy Technology, based in Elliot Iake, 
canada. PreviQJSly, he was the head of the Earth Sciera!S and Mininq 
Department for the Potash CDrporation of sask.atc::hewan, where he provided 
technical services in the fields of rock mechanics, geology, and 
geq:i1ysics to four potash mines. Ha has p.lblished over twnty papers in 
the fields of rock mechanics an:i mine design in potash ard gypsum rocks. 
Or. Mottahed was a member of the panel ot geotec:hnical e>cperts oonvened by 
Westin;house and Department of Diergy in April 1991 to evaluate the 
effective life of the undergrcund roans in Panel 1 of the waste storage 
area. 

Mr. Garf Peten;m receivad a Bachelor of Science degree !ran Michigan 
Techroloqical Q\ivarsity in 1975. He has worked far 16 years at the 
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1.0 EXECUTIVE SUMMARY 
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WIPP is deslQned -to provide a full-scale facility to demonstrat ' the technical and 
operatlon8' principles for permanent isolation of defense-generated transuranic waste. It 
is also designed to provide a facility in which studies and experiments can be conducted. 

Ory Bin-Scale Tests are being planned as a portion of the WIPP Test Phase Performance 
Assessment Program described in the WIPP Test Phase Plan: Perlormance Assessment 
(QQe 1990 b). These Tests are anticiS-ted to be conducted for a period of up to seven 
years. Aoom 1 of Panel 1 of the Underground Storage Area ia to be used as the location of 
the Bin Scale Tests to Investigate the generation of gu from the waste that is proposed to 
be stored at the WIPP in the near future. 

The original design for the waste storage rooms In Panel 1 provided for a limited period of 
time during which to mine the openings and to empace waste. Aoom 1 was scheduled to be 
filled in fewer than five years before being sealed. lnitlaHy mined to rough dimensions in 
1988, Room 1 was later mined to finished dimensions In 1988. Information obtained from the 
Site and PreHminary Design Valldatton (SPOV) program Indicates that the rooms in Panel 1 
should remain stable without ground support and !Mt creep closure would not adversely 
affect equipment dtarances during at least five years foaowtng excavation. 

The demonstration phase was later deferred and an experimental program including Bin Scare 
Tests was added for Panel t. Delays in the test schldul• have revised the date for first 
waste receipt Therlfore, based on the timing and scape of the test phase. an addltfonaJ 
seven years of useful life may be required to compete the tests in Room 1, Panel 1. 

To assess the long term stabllty of Panel 1, a pantl of geotechnlcal experts was convened 
in Aprl, 1991. The ftnal report of the s-nel was Issued on June 5, 1991. The panet agreed 
that the WIPP geatechnlcal monitoring program u uud In the SPOV Test Rooms is adequate to 
provtde early warning of deteriorating conditions in Panel 1. The pan• reviewed the design 
and stability of the rooms in Pantl 1 and concluded that these rooms coUd be expected to 
provtde a useful lift of at least MYlft years from the time of excavation (up to 11 years 
with a decreasing ,_.... of conftdence) with routine maintenance (DOE, 1991). However. the 
pan8' also agreed that grCU1d support .,,...._ could be uud that would allow the Bin Scale 
Tests to be carried to cornpl9don. The tllt period u currently defined is up to seven 
years, thus requiring a roam life of up to 12 years from when the room was mined. The 
following options or thW cornblnadonl recommended by the Expert Pan8' have been evaluated 
to extend the life of Roam 1 of Panel 1 and to provide added confidence in its ab~ity to 
support the tllt program: 

0 Allying on the CWNndy installed rock bolt system and upgrading, if necessary, 
m..ct on the rnUtl of the geomechanical monitoring program. 

o A ground support system using resin anchored rock bolts. 

o lnter1aced grout anchored wire cables and wire mesh to control rock falls. 

o Cutting slots In the back and/or floor to reileve the latnl strtsMS. 

1·1 



o Yielding support system such as timber cribs or steel yielding supports. 

o Roof truss sY!Tim. --

o Mine new rooms. 

DRAFT 
09/10/91 

In order to extend the life of Room 1, Panel 1, a ground support system needs to consider 
the past history of Room 1, the on-going deformations in the room, and the potential roof 
fa~ure mode. Also, the support system musr be dn;gned to accommodate the bins and test 
equipment, Including forklift access for btn installation and subsequent monitoring 
activities. 

To be acceptable, the ground support system must: 

o Be capable of futly supporting the anticipated roof wedge such as that produced in 
SPDV Room 1. 

0 Be capable of yielding in a manner which would accommodate the future closure and 
deformation of the roof rock. 

o Accommodate the bin scale equipment, including fortdlfts and ancllary equipment 

o Extend the fife of Room 1 to allow completion of the exp«tments, fat an additional 
period of up to seven years (from JU'f 1991). 

The initial roof support concept developed fat Room 1 of Panel 1 involved timber "crib sets" 
with interconnected st... beams. Aft• further ..,.,ysts, timber crib supports were 
abandoned in favor of yieldable roof supports which would provide more uniform roof 
support. These supports consisted of resin anchored srHI rock bolts and st... cross beams, 
with yielding steet columns as commonly UUd in the COii mining Industry. Mate importantly, 
the rock bolts coUd be continuously monlored using la.d cea1 and adjusted to accommodate 
further room crHp. 

As the destgn procesa procetdld, It became aw that the majority of the load woUd be 
carried by the rode bctta. The yielding columns Ml'9 thetefore 1Hmnatld. The st... beam 
was modified from an lnitlll I b8mm configuration to an inverted channel, thus aOminating 
the complex attachment plate srructure needed for the I beam. 

The flnml rod support detlgn contained In this document consills of 8.23m (27 feet) long 15 
x 40 stHI chlnnlt support uta tnstaned lattrlly acrou Room 1 on 2.44m (8 feet) to 3.05m 
(1 O foot) ceNll'I. Each ctwnt llt II dMded Into three nN fool long segments which are 
bolted toglthlr In place using conMCtJng ptat-. Each suppoft set II secured by eleven 
3.961n {13 1111) long Dywtdlf •• t9ndonl (wnor baltl) that· are resin anchored in 
relatlvely stable ground abow 1tll Anhydrite .,,. clay horizon. The channlA support anchor 
bolts are designed so that their io.csa can be monlond and ldjUltld to accommodate 
continuing root deformation. To llOW far dlf-11111 I.an daformatlonl. Mch tendon is 
located In an oversized .07811'1 (3 Inch) dlamet• hde which mends from the hde collar to 
the Anhydrft• .b. clay horizon. 

1-2 
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The arM betWeen the channel support sets is covered by a netWoric of stffl wire lacing 
cables underneath a mat ol st,.. welded wire mesh and expanded metat. This mat is held in 
place by the chann8' support sections. Its function is to contain loose rock in between the 
channel support seta.-

Chainlink wire mesh pinned to the ribs (sidewaJls), is provided to contain any minor 
spaJling down to approximately 2. 13m (7 feet) above the floor. 

A conservative approach has been used throughout the design process. Areas where this has 
bHn done include the falow1ng: 

o A minimum . 76m (3 foot) grouted bat length hal bMn used where tests have shown 1 a 
inches to bt sufficient 

o The manufacturer's l'Nnlmum yiekt lomd hU been used for bat design • tests give 
resutts 22·28"9 higher. 

o The support lfftct d the existing 3.04m (10 felt) mechanaly anchored rockbolts 
and the meshing and lacing has been diareglnHd. 

o The wedge-shaped Slit bt9m hu inherent IUll1gth whk:h hu been dllregardtd. 

Al desJoned, the supt:lfemenwy roof suppon system incorporattt the four acceptance criteria 
stated above as w .. u five cxa d the .,.,. EXpert PINI recommendations. The support 
system can aJso bt inltded concurrenUy with bin apermJona. Figure 1.0-1 ptOYldtt an 
isometric view d the support system fat Room 1, PINI 1. 

The geomechanical monitoring system representa an integnil pan ol the rod support system 
design. The monitoring systtm is detigned to monltOt la.da on tKh rock bott. measure 
continuing creep and deformation in and arCU1d the room, idtntly stress lomds on the rock 
and dtfltctJons ol the stHI channel support.I. 

The monitorinQ system alows for ..:lfUICn'Mn d ic.da In the rock bob to accommodate room 
creep and to provide tllfy lndlcaUon d llt'f l.l1UIUll dolure KtMly. 

The test bins. within the ar.mrct wure boxll. n ltlekld two high. •ong the ribl d the 
test room. The spacing ii ...,... to llow PlflOtlntl .cceu b9lWMn the bins for ground 
support installation. inlpecdan. and routine ground c:oncral manenance tukS. 

In addition to the monlorfng progrwn. a tttdng program wu impemented to confirm the 
validity d rock Inda CllcUatlonl and lnlallatlon procldur.. The tesdng program 
indudld d~ tldng d rock anchOta and a mode-up 1n1a11at1on d a pottJon ol the 
entn IYl*ft. 

The WIPP ii commlrld to ultJy pnMdlng long term roal support. 

1-3 
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WIPP is designed to provtde a futl·scal• facility to demonstrate the technical and 
operatlon8' principles for permanenr isOatlon of defen~enerated transuranic waste. It 
is also designed to provide a facility in which studies and experiments can be conducted. 

Bin Seale Testa are being Pamed u part of the W1PP T .. Phase Performance Assessment 
Program described in the WIPP T .. Phase Ptan: Pllformance Assessment~ 1990 b). These 
Testa are anticipated to be conducted <:Net a period of up to s.ven y..,., 

Room 1 of Pantl 1 of the Underground Storage Ar• II to be Ulld u the location of the 
Bin-Seale Tests to inYeldglte the genltldon of gu from the wute that ii proposed to be 
stored at the WIPP In the ,,.., future. 

The oriQin11 dnign for the wut• storage room1 In ,.,,., 1 provided for a llmlted period ot 
time durinQ which to mine the openings and to empace waste. Room 1 wu Initially mined to 
rOUQh dlmenlionl In 19. lnfannation obtained tram the Sita and Pr91minaty Design 
Validation (SPOV) program showed that the roama would ,..,., stable without ground support 
and !Nit creep c:folurl would nee adVerllly affecl equ6prnetC cl...-.nces during at leul flli• 
years followfng excavadon. 

The demoNUatlon phaM WU later dlferred and lft mcper'.meNll progrwn including Bin Scale 
Ttsts wu ldded for ,.,,.. 1. Delays In the i.. schedule t.ve r9Yiled the date for first 
waste receis:it Therefore, bald on the timing and scope of the tlll phase, up to seven 
years of usefU life are r9QUftd to ~ 1he teltl In Room 1, P.,,.. 1. Thia document 
prnenta the dnign for a ~ roof aappor! tyllem for Room 1 of Pana 1 of the 
Underground Storage Ala System design and II implemenCatlon proceu ii prnemed in 
Figure 2.0-1. 

2-1 
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3.0 DESIGN BEOlJ!MM!NTS 

3. 1 DESIGN CAITERIA/CONSIDERA TIONS 

3.2 

3.3 

The support system must be designed to accommodate the following criteria: 

1) Provide a suitable supplementary roof support system to ensure that the Bin 
ScaJe Tests conducted in Room 1, P.,,.. 1, of the Underground Storage Area 
will not be interrupted during the MYen year period staning July 1991. 

2) The basic dn9' parameters are decarmined by gtotechnical considerations 
such as the age of Room 1, txJstJng and future ground deformatiOns in and 
around Room 1, and the prevailng stratigraphy and suna conditions. 

3) The support system talc• cogniZance of the recommendations of the 
Geotechnical Expert Panel. 

4) The support system takn cogniZance of Design Spec. No. D-0087. 

DESIGN SPECIFICATIONS 

Design speciflcatlonl are contaJned In Documenr tntllled "Oelion Spec., No. 0-0087, 
Supplementary Roof Support for Room 1 of P.,,.. 1. • 

DESIGN BASES 

The Supplementary Roaf Suppcrt System for P.,,.. 1, Room 1, is a yieldable type 
suPC)Qlt that canlilta of ~ IC)9ced MCI of 15 x 40 inverted steel channel 
sections supported by Mvln rock anchorl. 

The design for the Suppern.ury Roaf Support System for Room 1, Panet 1, is based on 
the following: 

3.3.1 GENERAL 

o The 8'JPPCft symm ii Ible to be inltalled concurrently with bin 
apll'lllonl. 

O Slf9 1CCW ii provtded for a rnkWl'Un ol MV9ft ytlll from JUy 1991. 

o A "**'un accea heigN ol 3.45m (11 f9ll. 4 lnchel), ii provided after 
swenymra. 

o Suppo1t 1n1111at1on praced&ne take lrCo ac:counr working within AMA 
boundarla 

3-1 
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o Corrosion is a non-impactive factor for the duration of the system 
installation. based on experience gained at the WIPP and in the potash 
basin mines. 

o Because of accassibDlty limitations and RMA requirements during the 
tasting program. only the canter portion at Room 1 located between the 
vantDation bulkhead• has been constdered in this supplementary root 
suppcrt dasi~.~--oaM d far the l'lmainder of the room wdl be 
addressed af 9\Nhere at a later date. 

3.3.2 ROCK MECHANICS 

o The zone ot . 
stable to p 
anchors. 

0 

between Anhydrite "b" and Anhydrite ·a• is sufficiently 
• a good anchoring base for the support system rock 

ical virgin stresses are 'fai at the repository 
feet). t 

~ 

! 
•&ltratlgraphy at Room 1, Panel 'I' are similar to thole in 

o Observations· ·. 
the bases for 
Panel 1. £. 

0 

0 

0 The ~endy 
kg/m (135 .. 

...... ~ 

... 
urements from the SPOV T ... Rooms will be used as 

· the deformation mechani19'1 occurring in Room 1, 

4' 

straal. created as a result 

t ... 
fractures wtl occur In the i"98diate roof rock, and 

formed, roof rnovemeru 1rf» the excavation are 
ad with gravity rather than salt ~· 

~·· 

support system accommodatti past and future room 

' . • mode ii thlt ot a dttachint" wedge, trianguar in 
) wide and 2.13m (7 feet) high at• center. 

the immeqlat• roof rock above Roam 1. Pana 1. is 2. 1 so 
per~ for .. ~cUatlonl. 

o The rack anchor hol• have a 7.6mm (3 Inch) reamed-out section baow the 
grouted portion that wil be sufftctenC to prtYent shearing at the 
tendons thll may arile from dllferentlal latn deformations that might 

take place in ~'t~~,,__ ._ . ... . ~- --~T 
o The roof expansion bltwffn the anchor hortzon and hole collar is assumed 

to be 38mm (1.5 Inch) per year. 
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o The maximum lateral differential deformation below Anhydrite "b" is 
- assumed to be 12mm (0.5 inch). 

3.3.3 SYSTEM DESIGN 

3.3.4 

o The system of rock anchors consist of res;,, grouted rock anchors, grade 
60 steel, anchored above Anhydrite 0 b• horiZon. 

o Minimum resin bond length between anchor and salt is 0.91 m (3 feet). 

o The stHf channel set assembly would act as a surface plate system that: 

is capable of accommodating the design load 

is capable of accommodating monitoring devices that would allow 
continuous monitoring of bolt load 

allows detensloning of anchor loads as and when required 

assists in diltributlng the load between bolts 

is capable of supporting the lacing and meshing. 

o Each rock bolt anchor extends downwards through the channel section 
plate for a distance of 18 inches to provide for a downward adjustment 
life of seven years. Thia accommodates the expected 38mm (1.5 inches) 
per year of root expansion as wtl as the bearing platu and load cell 
assembly. If required, couplings will provide for additional 
adjustment 

o Rock s.-Hlng in bllwMn Sita ii contrclled by a system of wire mesh and 
lacing. 

o Floor maintenance wl bl carried out as and when required. 

o The transverse 18 mm (5/8 Inch) diameter wire lacing ropes wUI be 

adlUltatH. 

o Alb ss-llng that may occw ii contained by a wire mesh system that 
extMda down to a height of approximately 2. 1 m (1 feec) above the floor. 

o No 9tlblly probt«nl .,. ~ from fracturing of the ribs, based on 
txp9rilnce gained at the WIPP since the opening of the project 

INSTALLATION AND MAINTENANCE 

o The bolt io.ct1 .,. "9djUlted when the lo.ct on a bolt reaches 1. 1 times 

th• design load. 

3-3 
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o Existing 3.04m (10 foot) rockbolts may be removed in order to facilitate 
installation of the supplemental rockbolt supports. 

o Existing instrumentation fixtures, installed cables. and piping w~I be 
relocated to the sides of the room to avoid damage during system 
installation and maintenance. 

o Rock anchor holn wl be drllld vertically with a tolerance ot ~ 2 
degrlff measured in such a way that the enda of the holes wUI not be 
ctoser than 0.5m (20 Inches). 

o Drilling tolerance for the depth of the hole ii.± 25nvn (1 inch). 

3.3.5 TESTING AND MONITORING 

o A complete full-seal• mock-up test wl be carried out in Room 2. This 
will have at least five channel sets. 

o Quality control and creep tests wll be carrtld out on each boll The 
test load wit be taken to 1.33 times the maximum design load. 

o The monitored data from Room 1 wll be 9'4Juatld on an ongoing basJs. 

o The design load• for the rockbolta and asaoclatld anchoring system have 
been confirmed by the deatrucdV• tests that have been conducted. 

o The geomechanlcal monitoring system Is designed as an integral part of 
the support system and wll: 

monitor the load on wery rockbolt 

nmSUl9 ongang creep and deformation. 

..., an aaeament d the length ·c1 room life that might be 
obliP1ld beyOnd MVen y..,.., 
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4.1. GEOLOGY AND ROCK MECHANICS 

4. 1. 1 ROCK MECHANICS 
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Much of the understanding regarding the performance of excavations in salt 
at the WIPP has been gained from observatlont taken in the Site and 
Preliminary Design Vmidatton (SPDV) Test Room1. The case study presented 
by the roc:I fail in SPOV Test Room 1, together with numerical modelling 
results, provides the information for defining the size and shape ot the 
rock wedge that must be supported by roc:I support system. This is assumed 
to have a triangular crou-sectlan u shewn in Figure 4.0-1. 

The virgin in-situ stresses are one of the basic determining factors 
governing the rate of deformatJon in and around the mined opening. 

The initlll stress state at the rlpOlloty horizon ii established from Heims 
Rule f01 weak rocks (Hoek and Brown. 1980). Thia nie establishes the 
venical streu u dependent an the depth of overburden and its average 
density, and the horizontll ltfllMI to be equ8' to the vertical stress. 
Taki~ the average dentitY f0t the overburden at the WIPP site u 2130 
kg/m (144 pound/tocr), the ir1itill .,..._ at the repository horizon 
are about 2000 psl 

When a room is excavated In salt, the local virgin in-situ stress field is 
disturbed. The Immediate initial reaponM of the rock is to set up stress 
as if it were in an elutic rack, the so-called i1me zero· response. 
Oiffer9"tlll str8SS8I are created around the excavation and it is these 
stress differences that drive the subllquent creep deformations that result 
in closure of the room. 

Wllh um.. tM ...... doU to the ex.cavatlon .,.. retl9Ved by creep of the 
Slit lnlo IM 9XCIYallan. Stmr .,.... d9Ytlop II the strata interfaces 
due to the dlf9rlncel In the mechanlall properties of the different rock 
typet Ind llld to lllppage II U... contacta and eventually to bed 
saparallan. The pr111nce of these strma int81faces furthlr leads to the 
COl"Qi•atlon of lain saresw In the roof and fl001 beams leading 
~ to ... ~ of low angle sMlr fractur• Once the shear 
fradlnl hive. dlYlioped, roal ~ in an excavation are increasingly 
lllOCflled more with gravity tffecta than with salt crHp. At this stage 
ttw9 .,. two processes at work In the strata above the excavation. These 

lf8! 

o ~ of 1he _. - Sift creep la stl occurring in. the 
compelent Ill above the rock Mdge and above the ribs. 

0 Kinematic movemenr of the Immediate rock due to gravity • The 
rock wedge, f It la unsupported, wl move down under its own 
weight Figure 4.0-1. 
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Inclinometer measurements, in vertical and horizontal boreholes. give the 
horizontal and vertical deflections of these boreholes in the rooms roof 
~ 11bs respectively. The effect of the 2. 13m (7 foot) clay seam can 

clear1y be seen as a large relative horizontal difference in the movement of 
the salt immediately below the day seam. 

Extensometers located in the roof, ribs and floor measure the extensions at 
different distances along the lengthl m their boreholes. Oosure meters 
measure the closure m the rooms, either between roof and floor or rib to 
rib. A composite picture m how the rock is deforming and moving into the 
excavated room is obtained when inclinometer, extensometer, and closure 
measurements are put together. The Expert Pana unanimously agreed that the 
mechanism m deformation at Room 1, Panel 1 wOUd be very similar to that 
experienced at the SPOV Test Rooms. For further detailed discuSSion and 
information on Geology and Rock Mechanics at WIPP, refer to Appendix A. 

STRA TIGAAPHY 

The proposed underground storage facllty Is located 655m (2, 150 feet) below 
the surface In bedded salt m the Permian Salado Formation. This formation 
consists primariy m halite, argllaceous halite, minor anhydrite, and 
minor polyhalltlc units. Over 36em (1,200 feet) m Impermeable evaporltic 
deposits separate the facllty horizon from the first ovenying sedimentary 
rocks and 620m (2,034 feet) m evaporttea lie below the facility horiZon and 
provide a barrier to Permian limestones and sandstones. Flgure 4.0-3. 

The faculty horizon lies within a 12m (39.4 feet) thick unit consisting of 
halite, argilaceous halite. and polyhalltlc halite (Figure 4.0-4). A thin, 
0.3m (.98 fete) to 0.5m (1.64 feet) thick layer cons;sting m anhydrite and 
polyhallte, and identified u Marker Bed 139 lies about 1 .Sm (4.92 feet) 
below the floor lev•. Anhydrite bed• Oess than 1omm (.03 feet) thick), 
called anhydrite •a• and .,,. occw atxu 4m (13.12 feet) and 2m (6.56 feet) 
above the roof. Thin day seams caBed Oay G and Oay H are associated 
with the battom a theM bedl. In addition, an intermittent thin ciay layer 
identified u cay F is fOW'ld In the immediate roof of excavations. 

The anhydrite and day layers have a significant impact on the mechanical 
perfomwa m excavatlona. The day layers provide interfaces along whieh 
slip can OCC\I' whereas the thick layers can provide a stiff anhydrite band 
wlhft the aarata sequence that does noc deform plastically with time. For 
hJl1hlr dltaled discussion and information on Geotogy at the WIPP, refer to 
AppendbcA. 

-
VERTICAL MOVEMENTS 

The vertical movernerc It.a the roof support must accommodate are a 
combination m sak Cl'HPt dlatlon d the Slit due to fracture development, 
and gravity effects once fracturll have formed. 
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The total roof expansion that has to be accommodated has been taken as 38mm 
(1 .5 inches) per year at midspan. 

4.1.4 -UTERAL MOVEMENTS 

4.1.5 

Lateral displacements occur at strata interfaces and within the immediate 
roof beam where discrete fractures have formed. These lateral differential 
displacements have been obseNed up to 1 Sm (50 feet) into the roof at strata 
changes partlcularty the day/salt contacts. The largest shifts are found 
at the day /salt contact betow the Anhydrite ·b· layer. Lateral shifts can 
also be expected within the immediate roof beam where fractures form. The 
support system has been designed to accommodate a lateral shift of 12mm (.5 
inch) par year and bed separation of 25mm (1 inch) per year at the clay/salt 
contact betow the Anhydrite 91>• layer once the bond at the interface is 
disrupted. 

ANCHOR HORIZON 

The zone in which rock anchors were to be Installed had to satisfy three 
main criteria: 

o It had to be ralatlvely stable, In that the creep deformations occurring 
in it~ be low. 

o The effect of lnstdlng anchors In It shoUd not induce loading 
conditions that would incraua the creep defonnatlons significantly or 
reduce the overall strata stabllty at that horizon. 

o Penetration of roof stratigraphy shoUd be kepc to a minimum. 

The reasons for going into the zone above Anhydrite •b• can be summarized as 
foflows: 

o Rock mechanics data from extensometers. inclinometers and borehole 
surveys have shown that the zone above Anhydrite ·b· is relatively 
stabte. Thia wu In pmt due to the fact that the well~eflned clay 
Mini lllOCiated wtth Anhydrite 91>• sarvld to concentrate differential 
str'9IMa In the lmmldlate roof rock below Anhydrite ·b·. The reason tor 
thll phenomenon arose from the lnabllty of the day seam to sustain .,,., ..... 

o Large runberl of 3.04 m (10 felt) mechanically anchored rock bolts had 
m.. Installed at a falrty prlciutf daftnld horizon, some .91 m (3 feet) 
above Anhydrite i>•. MM more than two years of lnstaJlatlon. during 
which time the rock bolts W9l9 known to have developed load, there was 
no evidence from rock mechanics ~ of roof strata deformations 
that thll conc11 lbdon of anchori1Q lold wu causing any separation to 
occur. 

0 Sandia have a requir1ment that Anhydrite •a• shoUd not be penetrated if 
this can be avoided. 
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o No separation has been obS81Ved to date across the Anhydrite ·a• layer. 

o The difficulties involved in drilling, reaming, and installing the grout 
lflChored rockbotts increase rapidly with depth. In order to meet the 
required design requirements with a high degree of confidence the anchor 
horiZon chosen is that above Anhydrite ·b·. 

4.2 CONCEPTUAL DESIGN 

Room 1 of Panel 1 Is currently flvt years old and must remain accessible for an 
addltlonaJ seven years In order to support tht Bin ScaJt T estino program without 
interruption. In order to extend tht llft of Room 1, a supplementary root support 
system has been developed to minimize the possibllty of any roof fall during 
testing. 

On February 4, 1991, a substantllt section of roof fel In Room 1 ot the SPOV area. 
Geotechanlcal instrumentation had Indicated accelerated room dosurt rates for some 
time, and tht root fal had betn anticipated for several months. At that time. the 
room had been open for almost eight years. The four SPCV rooms had been mintd to 
exaclfy tht same dimensions u the watt storage (and dlspoul) rooms 91.4m (300 
feet) long, 10.osm (33 ftel) widt, 3.9&n (13 felt) high In P.,,.. 1, In order to 
simutatt, monitor, and study their behavior In r~ to llthostatlc (overburden) 
prtssurt t:Ntr time. No ground support. such u rock botts. tm betn Installed. 

In response to the roof fal In SPCV Room 1 and to UMSS the long-term stabllty of 
Pantf 1, Westinghouse cOl1Vtl'19d a pantf of geotechnk* axpertt in Aprt 1991 . The 
final report of thi8 pantl wu rel11Md on June 5, 1991. The 9Xpet1 panel agreed 
that the WIPP geotechntcal monitoring program as used in tht SPCV TISI Rooms is an 
adequate toot for giving eerty warning of deteriorating conditions in Panel 1. Based 
on collected geotechnical monitoring data. pa,,.. members conduded that the rooms in 
the panel art likely to havt a tor.I lift of seven to eleven years from the time of 
excavation using the currenuy Installed roof support system, consisting ot 3.04m (10 
feet) long mechanically anchortd rock botta. Mining of Room 1, P8"" 1, began during 
tht second half of 1-. Th«llore. u r:I J"Y 1991, the remaining life al Room 1 is 
anticipated to be bllWffn two and s0c y..,.. However, the panel agreed that measures 
could be taken In P.,,.. 1 that wcMd gfvt a reaonable assurance that the Blft Scale 
Tests coUd be carried out to compl9dcn. In order to carry out the Bin Seal• Tests. 
a solution to the support problem had to be found to extend tht required lift of 
Panel 1 tor up to .,.., yeera. The expert panel suggested altematlvt actions which 
lnduded UM r:I the folowtng: 

0 Thi UM r:I ful colwnn l'99'n Ct rtSln anchor bolts; 

o Gn:U anchored cable with lacfng and WV. mesh; 

0 Slotting and/Ct relief tntrtn; 

0 Yltldlng support; 

o Riiy on currendy tnsralld support Ind upgrw:t• when necnsary; 



o Roof trusses: 

o Mining new rooms. - -:. 
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They also indicated that the measures should be augmented by a monitoring program 
that would regularly assess the geomechanicm conditions and that maintenance should 
be carried out as a routine activity in the rooms as they aged. 

The WIPP project has evaluated the support systems suggested by the GeotechnicaJ 
Expert Pan8'. 

The initial evaluations looked at support systems (wooden cribs. wooden cribs with 
stea beams) that could be instaH9d within the room and would provide a passive 
support as the rock deforms into the room. Thau syst1m1 were eventually abandoned 
because they interlered 'Nth the hn:tionm ~ of the room larg8'y as a result of 
the physical siZ• ol the supports. They limited the number of bins that could be 
placed in the rooms and more importantly, the support could not be placed where it 
was most needed (I.e., midapM where the largest loads are developing} without 
eliminating equipment access to the bin locations. 

Another form, a yielding support system. was then considered. This eliminated any 
need for bin removal and provided a more unifann support of the roof strata The 
yi8'ding system consisted of deep grout anchored rock baits supportino a steel cross 
beam with supplementll suppoft being prcMdld by yielding st• caumns. The beam 
anchor bolts were designed IO ti.a their to.di could be contJnuaJly monitored and 
adjusted to accommodate room deformatJon by lowering the beam. As the design process 
became more detalld, It became dar that !he major sMl9 of the load was carried by 
the beam support baits; the yllldlng cotumna were in fact unnecessary and were 
therefore eliminated from the design. The beam itself was also modified from an 
initial I-beam to a men llrUCtUr'lly convenient inverted chann8' section. This 
eliminated complex attachment plate structurn needed for the I-beam suspension 
system. Any root rock spaHlng ~ the .... sets ii contained by a network of 
stea wire rope lacing und.,.,,..th a mat of .... meslW1g and expanded metat. 

As designed, root suppoft for Room 1, Panel 1, is providlno the following: 

o Progrnslve suppoft of the daching triangular wedge of roof rock as it 
develops. 

o COntalnment al the dacachlng wedge al roaf rock and safe contra of the rate at 
which the delaching section mc:w• downward bUed on 1N creep rate produced by 
the roaf strata above. 

o Accommodatlan a1 iatn rnovemerca 1n Iha raat mata above. 

Throughout the design proceu. a conMNIDte apprmc:h wu used wherever possible. 
The design la largely m..d on the roam dlformadol•· and ~ root fall that 
took place in SPDV T .. Room 1, which ii ._,. M a WOl'IC case scenario. Pr.vious 
rHin grout anchor t1111 ha"9 lhown. that an .._ Inch bond length of grm wOuld 
be ~ wherlu a mininUn .91na (3 f811) band llnglh ia uud in thil design. 
The rock bolt deaign ii t.sea on 0. mll\UfactUrer'I minimum yield strength of 
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209.000N (47.4 kips), whereas the destructive tests carried out in Room 2. Panel 2 
gave actual minimum yield strengths 22% to 26% higher. A continuous channel section 
beam is used where indlviduaf plates would have been sufficient. Very little support 
capability has been assigned to the meshing and lacing, whereas it is certain that 
this will be~paQle ot a considerable load carrying capacity. No strength has been 
assigned to the wedg•sh.aped rock salt beam formed as a result of root fracture 
formation. It will have an inherena strength, this effect being enhanced by the 
existing 3.04m (10 foot) mechanicaJly anchored rockboits as we.i as the steel meshing 
and lacing. The existing system al 3.04m (1 O foot) mechanicaJly anchored rockbolts, 
installed on a 1.2m (4 foot) by 1.5m (5 foot) spacing have considerable load bearing 
capability which has been disregarded in the design. 

The net effect al aJI the above factOll when added taoettter means that the design is 
very conservative, thus reducing the risk of potential failures. 

DESIGN DESCRIPTION 

The yi8'ding roof support system fOI Room 1 al Panel 1 Is dtsigned to contain and support 
the detaching load whYe aJlowing It to bt lowered. Tht system la not designed In any way 
to prevent the creep of rock into the room. The root support consists of 27 st• channe& 
support sets installed laterally acrou the room on 2.37m (7.8 felt) to 3.04m (10 foot) 
centers. The actual location al the channtl sets wll be determined in tht fl8'd during 
their installation based on the location al the txiltlng roof bottl which art instaJled on a 
1 .2m (4 foot) by 1.5m (5 foot) pattern. Thia ii to minimize interference with the IXistJng 
roof bolts. 

Each support set is secured by 11 Owyidag steel tendons (anchor bolts) that are 4.0m (13 
feet) long. The resin grouted anchor belts are anchored in betWeen the Anhydrtte ·a· and 
the Anhydrttt 0 b· horiZons. The channtl support anchor belts are designed so the load ot 
each bolt can bt monitored and adjusttd to accommodate continuous root deformation. System 
adjustment is accompUshed by keeping the tension on •ch anchor bolt within the design 
limits which art calculated to support the detaching la.d. Once the tension In the anchor 
bolt reaches the design limb. the bott lold II ct\en rtllevtd. Each anchor bolt extends 
.46m (18 Inches) below the roof to accommodate downward movement al the roa due to creep. 
Roof strata extensk>n meuuremen11 have lhown that the anchor bdts wW haw to accommodate 
approximat8'y 38mm (1.5 Inches) d ~ per year. To allow far difftrtne• In lateral 
deformations. each tendon II located In 111 owrmld .oam (3 inch) diameter hole extending 
from the halt collar to the Anhydrb .,,. day horizon. 

Tht roof area between the chlnnll Mts II COV9fld by a network al steel wire lacing cables 
underneath a nm al ltlel wlnl melt\ and eq)8nded rNtat. Thia mat II held in pact by the 
channll suppolt Mii. hi functlan ii to contain any rock spalllng in betWeen the chanNi 
supponuts. 

4.3.1 STEEL CHANNELS 

Each rod support set conliltl al a structUl'll stHI channlll pacld wtth the web flat 
against the rod, r'Ul1'*1g acrou the room (rtb to rib) and 11 rock anchor bolls. Tht 
ser is designed to accommodate the trtangUarty distributed wedge lold, which has a 
wtighl a1 a.oooN (1.800 pounds) per roar near the rtbl and 45,150N (10,1so pounds) 
per foot In tht mJddl• al the roam. EJ~tn rock anchor baltl n required to support 
thtchannel. 
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5.0 DESIGN !MPLEMENTITION 

5.1 

5.2 

5.3 

SURVEYING ANO MARKING 

The locations of currentty installed rock botts. and instrumentation equipment that 
may interfere with support installation has been accurat8'y surveyed and is shown on 
a map of Room 1 (Drawing No. s-t-0-003-W1 and s-t-0-003-W2). These drawings w~I be 
used to locate the positions of the channel support sets and their associated rock 
anchorS. Root profll" wil be determined at Mch channa suppon set location. 
Once the channel set locations have been plotted on the room map, they w~I be 
transferred underground and marked on the roof and rtbe of the room. Individual rock 
anchor holes will then be accurately mart<ld to determine precise locations of the 
anchor bolts. Experience has shown that a minimum accuracy of..: .063m (.25 inch) 
w~I be achieved wh~e marking the positions of the borthotea. 

RELOCATION OF INSTRUMENTATION, CABLES AND PIPING 

Any damage to the existing Instrumentation installatlona consisting of elec:trlc 
cables, gu piping, distribution boxes and lighting fbcturn must be avoided during 
installation of the support system. For that reason. the suspended cabling wl be 
moved to the side of the room and attached to the rib, and the piping wl be 
lowered. R8'ocatlon of these ftxturff will not affect the tffting and monitoring 
program. Conveyor betting suspended from the rib wil also be used to provide 
additional protection to the existing equipment 

SYSTEM INSTALLATION 

5.3.1 ROCK DRIWNG 

S.3.1.1 SlEEL CHANNEL ANCHOR BOLTS 

EKh chaMll Ill hll been delignecl for 11 bolt anchor holes which 
.. to be ni.led vertally. lt ii required that aJI bolt 
lnchar hdel .,. drtlld to a specllld depth of 3.55m 
(11.5 •). meaurld from the hole cellar. An dowable 
vertlcll aHgnmeq talerancl of 2 degrw and a depth toterance 
of .025m (1 inch) are expected. o.viatlona of anchor bolt holes 
n to be addrlllld on a hde-by-hole basis so that the distance 
ac-t at hd• tnd1 wl not be IHI than 20 inches. In order to 
achieve the specllld vlltlcal tolerance. cellaring alignment 
holel .,. rtqUftd. The hcHI shal be drilled aa accurat8'y as 
poaible to v.uc.I and to a minimum depeh of .076m (3 inches). 
NIM complltjng the co1111 ~ drlllng, a .035m (1.375 
Inch) dlamltlr plot hol9e of the carrect length wl be 
drll9d. n.. wl thlr'I be fl9mld to .078m (3 Inch) dlamet• to 
a dlpCh of approximately 2.13m (7 feel). To ensure that there 
Is an accepcab1e annUul In 1hl anchcnQI zone. al .035m (1.375 
Inch) .;t0.G30 dllmet• flnilNng bis wl be property gauged. 
Orawtng No. ~.Q03-W2 provtc:111 detals of the drilled hole. 

5-1 
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CABLE LACING ANCHORS 

The support system requires that lacing across the room width and 
length be terminated with resin grouted rock anchors and be 
provided with means for tensioning the cables. Lacing cable 
termination anchors will consist at a truss plate fastened to the 
roof by a .016m (5/8 inch) diameter and 2.4m (8 feet) long resin 
grouted bar. An adjustable eyebolt will pass through a truss 
plate and the lacing cable will be terminated through this 
eyebolt as shown on Drawing No. 54'--5.oo3-W!5. The termination 
anchor holes w~I be drilled at 45° angte to a depth of 2.4m 
(8 fHt) with drilllno accuracy at ~.025m (1 inch). Drilling 
detail for lacino holes anchors are shown on Drawing No. 
54-5-0003-W4. 

RIB SUPPORT ANCHORS 

The rib anchors are installed to hold the chainllnk wire mesh 
against the rib from the top corner down to approximately 2.13m 
(7 feet) above the floor. The chainUnk meshino is installed to 
support small pieces at loose or broken sail Chainlink meshing 
is currently used at the WIPP as a standard practice for rib 
maintenance underground. The rib anchors are standard 1.22m (4 
feet) long rnechana anchors. Rib support anchor holes are 
driled on approximately 1.52m (5 foot) pattern and are 1.22m (4 
fHt) dHP to accommodate the anchors. 

RECOVERY OPERATIONS 

In the event that drlllng tcHranc:es or anchorage capacities are 
nae met. the hole depth wl be extended an additional .91m 
(3 feel). The anchor will be reinstalled at this depth. 

5.3.2 INSTALLATION SEQUENCE 

5.3.2.1 STEEL ANCHOR SOL TS 

lnllllatlon at the rod support system in, Room 1, Panel 1, will 
cammence with drillng at the stall channel anchor holes and 

installation °' Oywtdag anchor bolts. 

Camlc:t lnstal1atron m the Oywldag atw:hors is critical to the 
whole support system. The minimum bond length at .91 m (3 feet) 
ia required in ord• to mainCain design load capacity at the 
support system. Thie hu been confirmed by the destructive tests 
described in Appendix B at thil report A minimum at .457m (18 
inches) m the andlor ball m.aured fram the hole calar will 
protrude fram the mouth .m the dr9 hole. Boeh the Oywldag 
tandOM and the resin wl be Installed according to the 
manufacturwl specifications. Following anchor installation, 
each bolt wl be qumlty checked to confirm its anchorage 
capacity. Oetah regarding quality contral testino are included 
in Section S.1.2. 
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The wire mash and lacing w~I be installed after testing of the 
anchor bolts is completed and advanced enough to provide adequate 
working space for wire mesh hanging operations. This would allow 
for simultaneous installation ot wire mesh, cable lacing, and 
drlling ot anchor holes. The wire mesh system consists ot two 
layers, a layer ot .10m x .10m (4 inch x 4 inch) welded wire mesh 
and another layer a expanded metal which is installed directly 
against the salt and above the welded wire mesh layer. 

Both layers art attached to the e>dltJng 3.04m (10 foot) rock 
bdt plat11 in ordtr to provide temporary suspension until the 
lacing and chaMll suppons art ftnally installed. Drawing No. 
54-0-003-WS shows the installation dllal a the meshing and 
lacing. The wire lacing rope wll be doubled back through one of 
the eyebolts attached to tht anchor plate, and the tree end 
ctaml)ed with thret crosby damps. The loose and will then be 
passed through the opposite ayebalt and snug tensioned by means 
a • comHlong and damped with thr8I crosby clampa. The 
transverse lacing will be instaded before tht longitudinal 
ropes. 

STEEL CHANNEL sm 
The .381m (15 Inch) by 1n.92N (40 pound) channel sta9' set will 
be installed in thrtt 2. 74m (9 fool) long sections with the 
ftanges down. Each section wll be joined in place by the splice 
plates located along the flangft. An .35&n (14 inch) wide by 
2.743m (9 foot) long by .0191m (.75 Inch) thick treated plywood 
gasklt wit bl placed on top a the channll with .038m (1.5 inch) 
hdtl dried to coincidt with the hole palttm a the ChaMel. 
The plywood gasket wll ftrst be flltld rro1er the anchor bolt 
ends. thul forcing them to bl correc:Uy aligned before 
inlrllatlon ot tbt st• chlnnll Is attempted. The sta9' 
chlrtlll Sldlonl wl bl inltaled next. by pass;ng the 
pralnldlng Oywtdag anchor tnd1 through the .0381m (1.5 inch) 
pre.drlled holtS. The ftMI Slip wl be the installation of 
1he fattening rU asumt>Ues. togtChtr with their associated 
platH and IOlld Call. Drawing No. S4-0-003-W3 shows the ChaMel 
MJPP01t dltall. A Mttlng IOllCI ot 4448.22N (1000 pound) will be 
8')plltd to the anchors. St• spacers will be used to ensure 
conract at the rock anchor positlonl. 

All SUPPORT 

lnstallatlon ot the rtb ~ system wl commence with 
drlllng cA the rtb anchor holes followed by hanging a the 
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chainlink mesh together with anchor installation. Approved 
current WIPP installation procedures for rib bolting w~I be 
~lowed. 

Since the rib support system is intended for protection against 
small scale ftakino and peeling of small rock which are of 
nuisance value, its installation sequence w~I depend more on 
convenience than on a rigid schedule. 
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8.0 !ESTING ANO M,gNIT,9RING 

The most important component of the roof support system described herein is the rock anchor 
system. After each Dywidag rock anchor is grouted, both in the mock-up test as well as 
during actual Room 1 installations, the rock anchors wiU be subjected to performance 

• -'' tests. The testing wUI be carried out using as a guideline the specifications laid down in 
"Recommendations For Prestressed Rock And Soil Anchors". 1989, produced by the 
Post-Tensioning Institute of Phoenix, Arizona. 

Monitoring of the loads on the rock anchors wll be done during the test phase as well as 
prior to the actuaj installations. The information will be used to determine when and by 
how much the loads should be adjusted in order to keep pace with the deformation of the salt 
rock into the room. In addition to monitoring rock anchor loads. deformations in and around 
the room as well as deflections of the supponing channels will 8'so be monitored. These 
measurements will enable a clear picture of the room stability to be obtained. 

8.1 TESTING 

8. 1. 1 MOCK-UP TEST 

1.1.2 

A mock-up test will be perfom'Wtd in Room 2 d Panel 1 and will indude 
installation d five complete channel sets. The objectives d the mock-up 
tests are as follows: 

o Provide Information necessary to evaluate existing equipment: 

o Establish practical and safe Installation procedures; 

o Install and test monitoring equipment; 

o Check the performance d the overaJI system as well as individual 
componenta; 

o Establish procedures for rock anchor perlormance tests. and ensure that 
personnel 111 proficienl In the use d these tests. 

QUALITY CONTROL TESTING 

The purpose d Qu1Uty Control testing ii to ensure that .very rock anchor 
inleajfed ii capable d handling at least 1.1 tlmn the maximum design 
lmd. Because d the large number d bolts (approximately 300) to be 
Installed. these tests hive to be done as quictdy as possible. 

After 1 rack anchor hu been Installed for a minimum d 8 hours. it wUI be 
loaded to 29 kips (1.1 tlmel the d81ign lomd). The IOlldlng arrangement is 
shown in Drawing No. 54-D-003-W2. The lomd wll be measured by the load 
eel and conveniendy dlspllyed during IOlldlng. After reaching 26 kips, the 
nUI wil be tightened and the !ceding ram removed. The load will be 
condnUlly monitored for 1 mkWnum d 1 hour to check whether there is any 
losa d lomd due to CfMP. If ther9 ii 1 la.d loa. the load will be 
ra.ppiled and monitored. Thia wl be repemed und al •mck" In the 
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system has been removed, or the rock anchor installation is deemed to be 
unsatisfactory. Recovery operations as deta~ed in Section 5.3. 1 .4 may then 

t>e instituted. The above procedure may be modified based on field 
experience. 

e. 1.3 DESTRUCTIVE TESTS 

The main component of the support system described in this design document 
is the rock anchor system. 

The primary emphasis of the anchoraoe system testing program is to guard 
against the most probab&e mod• of movement that may lead to its failure. 
The importance al fl8'd validation tests of the anchorage system has been 
recogniZed as essentlat to the success of the whd• support system. 

The rock anchor system was tested by loading correcUy installed bolts to 
destruction. These destructive tests determined that the anchorage capacity 
of the No. 8 Oywidag rockbolts tested In Room 2 of Panel 1, are eq~ or 
greater than guaranteed manufacturer1 speciflcatJon of (47.4 KIPS) yield 
load or (71. 1 KIPS) of Utimate load used for support system d81ign. 
Oetals of the tests and the resUt.s obtained are given in Appendix B. 

1.2 MONITORING 

Since the support system wl be adfusted during its operational life. it is 
essentlat to ensure that the loads on the anchors do not exceed the working loads 
specified by the design. The two main parts of the monitoring program will be 
observations of room performance and of suppon performance. 

Room stabllty wll be determined from data that wll establish the rock mechanics 
performance of the mccavatioN in tenna of room dosure, rock deformations in and 
around rooms, the d1Yelopment of fractures and bed separation at strata interlaces. 

The support system performance wl be determined from tests that wll provide input 
data from field teltl for the dff91, from tests to prove q~lty during 
installation. and from a program that will monitor loads that d1Yelop in the rock 
anchors and on the lacing during the working life of the support. The evaluation of 
the rock mechlnicl data characterizing room performance and of the support 
performance data wl establish the effectJvenesa of the suppon system. A 
d9ICl'lpdon of the Geomechanlcli Monitoring Program induding specifications for the 
inltrUmerU II giver\ In Appendix "D". 

1.2.1 GIOTECHNICAL MONITORING 

Gtomechanlclt lnstrumentatJon can adequately establish the performance of 
excavatlonl at the WIPP and provide adequate waming of deteriorating 
condltlonl. This has been demonstrated by the lllty warnings provided in 
SPDV Test Room 1 prior to 111 root fll. and WU confirmed by the views 
expressed by the Geotechnicll Expert Panel convtned to establish an estimate 
of the life of Panel 1 (US DOE, 1981 91'°23). The geomechanical 
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instrumentation for Room 1 . Pana 1. has been upgraded based on a monitoring 
program presented to the GeotechnicaJ Expert Pana (US OOE, 1991 91-023). 
The basis of the revised monitoring program is: 

o The measurement of deformations across the Anhydrite •a• and "b" layers 
in the roof in order to assess the development of bed separations at 
these strata interfaces. 

o The measurement of room closul'9 In order to assess the development ot 
closure rates that exceed bounding . levets and to establish the 
development of assymmetric room closure that may be an indication ot 
fracture development along one rib and rotation ol the roof slab. These 
measurements will be made by convergence measurements ol roof /floor and 
wall/..,,ail closure. 

o The observation of conditions in the roof In observation boreholes in 
order to establish the extent of fracturing and bed separation. 

o The measurement of latetll deformations within the pillars to establish 
the competency of the pllars. These meuurementa wll be made by means 
ot borehole extansometers. 

SUPPORT SYSTEM MONITORING 

Monitoring of the support system under working eondltlont in the field is an 
integral element to ensure Its succeufU performance. The monitoring 
program consists of measurement of: 

o The load that davelope In •ch rock anchor. This provides the basis for 
adjusting the tension on the anchor so that the load build-up does not 
exceed the design limb of 1. 1 tlmea the design load whae 
accommodating the continued movements of the sail The load will be 
m•sured by~ of lold cens located at the anchor nut 

o The lam that dlYtlopa on the lacing and mesh. This will be evaluated 
aver seledld lengthl of the room. The load wll be measured by means 
of hydrauic flat jack• locmld ar crou-over points of the lacing. 

o The at.man of the cabl• due to the dav8'opment of the load due to 
the decaching wedge. The cable deformation will be measured by means of 
a catlbratld standard length and dim Indicator . 

o The dlftectlon of the channll support arising from the action of the 
rock ancnor supports and the lmd transferTld by the lacing and 
meshing. The deftldlon wll be measured by precise surveying 
tachnJquel. 

The purpose of the monitoring of lacing and meshing load• and extensions is 
to gather information for lat• aNlylll. lnllaly, the momtortng wl be 
carrtld out daly tu this frlquency wll be ~Justed u data becomes 
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available on the load changes with time. The measurement frequency will be 
baseaon o"bserving load changes equivalent to 2 percent of maximum working 
load. The measurements of the loads will be compared with the criteria 
presented in Appendix ·o· to establish when loads in the rock anchors must 
be adjusted, and the extent of that adjustment: 

It should be noted that these criteria are prefiminary. Fi8'd tests and 
anaJytlcat computations wiM be performed in order to more effectively 
define these critena and the method al load adjustment that w~I be based 
on them. 

The criteria and the adjustment to the loads wll be reviewed as data 
becomes available and may be changed to be more effedJve. The process by 
which these factors become adfusted wll require approvm by the manager of 
Engineering fer the Managing and Operating Contractor with concurrence from 

,, , the managers of Operations and Safety. 

8.2.3 INSTRUMENTATION 

Geomechanical Instrumentation instaled In Room 1 of Panel 1 wll lndude: 

o B•m support rock bCltt lo9d · cells • Rock bCltt lo9d cetla will be used to 
monitor the axilt la.dlnQ on the rock bolts. Loads on the cefls are 
measured by means of rnistance strain gages bonded to the cefl In 1 
full bridge conftguratlon. The I09d cell• are capable al monitoring 
loads of up to 444,800N (50 tons) with an approximate instrument 
sensitivity of 88.9N (20 pound1). In order to maximiZe the adjustment 
range of the suppon system, 1 low protle type cefl wil be used. 

o Pressure cell• or flat jacks • wll be used to monitor loading on the 
cable lacing and mesh a 1 r..ut of creep dlsPacement Pressure cells 
wl be constructed ol stainl811 stHI and be capable of monitorinO the 
range from o to 70 MPa (O to 10.000 psi) with sensitivity of 0.4 per 
cent. 

o ~ - Five borehd8 txtensometn are installed in Panel 1, 
Room 1, to monitor rock mua deformation ldtacent to the excavation. 
Threl lxt.nsometn n inalf8d In the roof to monitor possible beet 
....,.alon withi1 the roof belm. Theu txtensomettrS are installed 
along the cnltflne In the middle It apprcdmately 1 /4 length locations 
of the room. HoriZontll txtensometers are installed in each wall at the 
cerc.. d the room. 

o Convergence points • Convergence measurements will be taken from 
lnstded convergence points throughout the room. These measurements 
are used to determine the amount and rate ol dOIU'I ac selected 
poinll. Monitoring of hortzonml and verdcll convergence wil allow 
for a comparison ol the performlnce ol the support system in response to 
the actull room dolUre. 
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Lav• survey • Changes in elevation wYI be monitored at selected 
racatlons along the support beams and the rock surface. The elevation 
surveys wUI identify areas of differentlm movement which, in addition 
to the resutts from installed geomechanical instrumentation, will 
establish the response of the system to creep dosure. 

Due to the large number of instruments. a data acquisition system wUI be 
installed. This system wll be capable of monitoring up to 330 resistance 
strain gaged rock bat load c•IL The data loggers wMI be incorporated 
into the Geomechanical Instrumentation System which wYI allow for timely 
monitoring and reporting. 
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7.0 ADDITIONAL REQUIREMENTS 

Quality of installation and monitoring is cl key Importance to the successful performance of 
the support system. 

o In order to provide continuity to al the activities and assure future system 
performance a Project Control Group shd be assembled to oversee all installation 
and monitoring activities. This group shd indude representatives from Mine 
Engineering, Geotachnical Engineering. Mine Operations, Quality Control, Safety and 
an outside project consultant 

0 Collected monitoring data shall be routlnety reviewed and results compared with 
design parameters. 

o Periodic progress revaiwl shall be conducted to evaluate system performance and to 
define possible changes to the system not torseen during design stage. 

o Possible further tasting might be required to dafine performance cl individual 
components. 

o Further steps shall be taken to dev8'op and validate a mathematlcat or numerical 
model which would more easiy describe the behavior cl the support system . 
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· GEOTECHNICAL DESIGN SUMMARY REPORT 

1.0 INTRODUCTION 

1.1 

The purpose of this repart is to provide the geotechnical basis for the design of a system. 
to support the rock In the rOQf of Room 1, Panel 1. The system must ensure that the roam 
meets the functional requirements necessary to support its use as an underground laboratory 
for the study of gas generation from CH TRU radioactive waste (Molecke, 1990). This 
retearch program, called the Bin Scale T estlhg Program, Is under development at the present 
time and the experiments are expected to start In the second half of 1991. The Geotechnical 
Design Summary Report interprets the geologic and rock mechanics data presented in the 
annual Geotechnical Field Data and Analysis Report.I (US DOE, 1991 a; US OOE, 1990) and other 
oceasional reports (US DOE, 1991 b) and presents the geotechnlcal assumptions that have been 
made for the design. 

The geotechnlcal investigations at the WIPP are comprehensive and provide detailed 
Information on the ilte conditions that is not typlcally avalable for an engineering 
design. This has enabled the Geotachnlcal Engineering Section, Westinghouse, WIO to 
establish a phenomendogical model that explains the performance of openings. This model 
establishes the mechanisms that must be addressed by the design of the support system in 
order to control the roof conditions In Room 1, Panel 1. 

BACKGROUND 

Room 1 of Panel 1 Is currently 5 years old and must remain accessible for a further 7 years 
in order to suppon the bin scale testing program. Following the collapse on February 4th, 
1991 of the roof in the Site and Preliminary Design Validation (SPOV) Test Room 1 that 
confirmed the concerns raised by the Geotachnical Engineering Section concaming the 
capabDlty to maintain the Panel 1 room for the period of the bin scale tests. a panel of 
Geotachnlcal experts was formed to Nlluate the life expectancy of the underground room in 
which the tests will. take pace. 

The panel concluded that If no additional remedial measures were taken. the rooms In Panel 1 
are likely to have a total life of seven to eleven years from the time of excavation usmg 
the currently Installed roof support system, consisting of rockbolts. Mining of Room 1, 
Panel 1 began during the second half of 1988. Therefore the remaining life of this room Is 
anticipated to be betweentwoandsixyears (US DOE. 1991b). The most current geotechnical 
field data from this room (US DOe, 1991, In preparation) does not Indicate that Its 
geomechanical performance differs slgniflcantly tram that observed In SPDV Test Room 1. On 
this basis, the remaining life for Room_ 1 as currendy supponed is about two to three 
years. 

The panel members agreed that measures could be taken that would provide reasonable 
assurance that the bft smle tats-could bl carriecl out to completlon in P.,,.. 1. They 
suggested a runber of a1tematMt adlonl thlt could be taken and recommended that the WIPP 
project evaluate the altematlves and select one, or a combination. of measures that woUd · 
assure continued use of the rooms rNer the period of the tests. They also indicated that 
the measures should be augmenled by a·monitoring program that would ragular1y assess the 
geomechanical conditions and that maintenance should be carried out as a routine activity in 
the rooms as they aged. 
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The WIPP project has evaluated the support systems suggested by the Geotechnical Expert 
Panel. The initial evaluations looked at support systems that could be installed within 
the rooms and would provide a passive support as the rock moved Into the excavation. These 
systems were eventually abandoned because they interfered with the functional use of rooms 
as a location for the bin scale tests. Problems were associated not only with the P.hysical 
size of the supports which limited the number of bins that could be placed In a room but 
more Importantly, the support could not be placed where It was needed ~.e. midspan, where 
the largest loads develop) without eliminating access to the bin loeatlons. 

The project has then assessed the installation of additional rock reinforcement in the roof 
of Room 1, Panel 1 as a means of extending the life of the room. Rock. bolts as normally 
installed do not ptovide the capabDity to estab11sh with any level of confidence either a 
support system with a specific working life or a measure of performance on an ongoing 
basis. Therefore, a composite system of support has been designed that Incorporates beams 
at nominal nine feet centers along the length of the room. supported by a system of tendons 
anchored In competent salt in the roof with lacing and meshing. The rock reinforcement 
system (I.e. anchored steel tendons) has been designed as rock anchors. where appropriate. 
because rational design approaches are avalable for their design and extensive field 
testing programs are typlcally used to confirm the design. · · 

DESIGN METHODOLOGY 

The primary emphasis of the anchorage system Is to guard against the most probable modes of 
movement that may lead to collapse. The design requires detaDed site specific geologic 
information. the study of Information from relevant case studies. design calculations based 
on aVaaable data for the rock and the anchorage systems and fleld tests. F1eld proving 
tests of the anchorage system and the monitoring of support pelformance during Its 
operational life are essential considered to the success of the system. 

The bases for the design approach are the recommendations prepared by the Post-Tensioning 
Institute (Post-Tensioning Institute, 1988) that provide guidance in the design instaJlation 
and testing of rock anchors. In addition. information from other publications that relate 
to the design of rock anchors and their fleld performance have been Ul8d, where appropriate 
(BS 8081, 1989; Corps of Engineers, 1980;) Ultlafohn and Bruce, 1976). These publications 
provide guidelines to ratlonallze procedures for the design of rock anchors. As far as 
possible, the guidelines given In these documents have been followed but where the 
recommendations have not been. the reasons are discussed In this document 

Although the support requirements for underground excavations II the WIPP are not as great 
as that typically needing rock anchor support. the rigor of the design approach for ground 
anchors and the extent of the proof testing that accompanies the Installation of wary 
anchor justify this approach for the design of1he roof support system in Room 1, Panel 
1. These anchor systems are designed to be effective for extended pertocts of time and 
consequently require speclat design and quallty control In instaHation. The design 
approach requires the performance of each anchor to be establish quality control In 
lnstalladon so that the performance of the overall su~ system Is etredlYe. This Is In 
contrast wtdth design for rock bolting which does. not generally dampt to dt1ennin~ the 
performance of IY*Y ~or to detennlne system performance • 
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STRATIGRAPHY OF REPOSITORY HORIZON 

The proposed underground stoeage facility· ls located 655m below the surface in bedded salt 
· of the Pennlan Salado Formation. A genetjallzad stratJgraphy showing the facllty leva is 
given In Figure 2.1. Over 365m of Impermeable evaporitic deposits.separate the facDity 
horl2.on from the overlying sedimentary rocks and 620m of evaporites 118 below the facility · 
horizon and provide a laarrier to Permian limestones and sandstones. 

Halite Is the most abundant mineral in the Salado and occurs In thick bads intercalated with 
thinner beds of polyhallte and anhydrite. Salado halite Is rarely pure and usually contains · 
trace and minor amounts of foreign material Including clay, anhydrite and polyhallte. 
Halite crystal size and morphology vary considerably, and various large and small scale 
sedimentary features are abundant throughout out all of the Salado Sall A detaDed 
discussion of the Geology of the Salado formation can be found in the Geologic Mapping of 
the Air Intake Shaft at the Waste Isolation Plot Plant (U.S. DOE. 1991c). 

The facility horizon lies within a 12m thick unit consisting of halite, argllaceous hallte, 
and polyhalltfc hallte. Figure 2.2 identifies the typical geology within this unit 
ObseNBtions indicate that these geologic conditions are consistent across the site at the 
repository horizon. Figure 2.3 a. b, and c provide the stratigraphy 8XpOled In Room 1, 
Panet.1. 

A 0.3m to o.sm thick layer persistent bad of sUfate (anhydrite and polyhallte), identified 
as Martcer Bed 139 lies about 1.sm below the floor level Considerable lateral variability 
In composition and thickness exists wthln INs sUfate bad at both the regional and 
repository scale. The variability In thicknesa Is associated with the top of the deposit 
and undulations of the order of 6 Inches have been observed In 4 Inch diameter bore (Holt, 
1991). The bottom of the Marker Bad Is sub horizontal and Is underlain by Clay ·E". 

Anhydrite beds Oess than 1 Omm thick), called anhydrites •a• and .,,. occur about 4m and 2m 
above the roof. Thin day seams called Qay G and Clay H are associated with the bottom of 
these bads. In addition, a thin clay layer identJfled u Qay F is found intamlttendy In 
the Immediate root of excavations. 

The Marker Bed 139 and the clay layers can have a significant Impact on the mechanical 
performance of excavatlanL The clay layers provide ufacel along which slip can occur 
whereas the Marker Bed acts • • unit that does ncr deform plastlcally with time. In 
addition, the und"8tfng nature of the top d the Marker bed wll resist shear movements 
along the Interface with the overlying salt 

PROPERTIES OF ROCKS AT REPOSITORY HORIZON 
. 

The raf.-.nce material properties for the repository horizon rocks ant provided In Table 
3.1. n... propertln are bald on labormary t8ltl carried o&a. durtng the site 
charactartzatlon phase ~ U. WIPP Profecl.(Krlig. 1983). The tests have demonstrated the 
range d rnechanicS properties associated with the WIPP sarata. and in particular have · 
defined the time dependent behavior of the salt 

Salt is a material that ftows when subject to deviatorfc stress conditions. This behavior 
has long been recognized In the mining Industry (Baar, 1977; Dreyer, 1981) and considerable 
efforts have been made to characterize this response from laboratory creep tests. However, 
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extensive experience within the mining Industry has demonstrated the dlfflcultles involved 
in establishing in situ perfor.:nance based on the laboratory characterization of satt creep 
(Baar, 1977). 

The mechanical response of thO saJt at the WIPP has been characterized by a steady state 
creep law that was devetoped In the ear1y 1980's by laboratory creep tests on the Salado 
salt (Hansen, 1979; Hansen and Mellegard, 1979; Heitmann et al, 1980) .. This constitutive 
law relates creep strains to stress and temperature. The relationship ignores transient 
creep effects that will Influence ear1y time deformations and does not inctude dilation of 
the salt that wUI occur when the rock is subject to deviatoric stresses and low confining 
pressures. The steady state creep law has been used in the model studies to establish 
predictions of the structuraJ performance of the openings. 

Fietd observations at the WIPP (Cook and Roggenthen, 1991) and in the Car1sbad Potash Basin 
(Greenwald and Howarth, 1938) have shown that the brittle behavior of salt under deviatoric 
stresses with low confinement can be a significant factor contributing to the mechanical 
performance close to excavations. However, the brittle behavior of salt has not been 
characterized by laboratory studies and constitutive laws for salt do not lnctude fracture 

· devetopment or rock dlatlon. The evaluation· of performance based on the steady state 
stress law must take into consideration the llmttatfOns of the constitutive law applied to 
the salt. Provided that these limitations are ~erstood, and the structural responses of 
other stratigraphic zones are property modelled, It wll be possible to esrablish useful 
modets with which to predict the structuraJ performance of excavations at the WIPP . 

4.0 IN SITU STRESS REGIME 

5.0 

The initial stress state at the repository horizon Is established from Heims Rule for weak 
rocks (Hoek and Brown, 1980). This rule establishes the vertical stress as dependent on the 
depth of overburden and its average density, and the horizontal stresses to be equal to the 
vertical stress. Taking the average density for the overburden at the WIPP site as 2130 
kg/m"'3, the initial stresses at the repository horizon are about 2000 psi. 

Measurements of vl~gln In situ stress In salt are difflcutt to achieve since the measuring 
techniques assume that rock behaves In an elastic manner (Hoek and Brown, 1980) whereas salt 
deforms plastlcally. However, hydra~lc fracturing tests have been canted out In boreholes 
in salt at the WIPP In order to estimate the stresses (Wawersik and Stone, 1986). Although 
data Interpretation was dlfftcult. It was concluded that the virgin In litu stresa state at 
the WIPP Is approximately uniform In all dirldlons ~#111 the stresa magnitudes 
correspond to the weight of the overburden. This conclusion confirms. the assumptions 
normally made for the far field stress distribution in salt. and with theassumptlons used on 
for design the WIPP Project (DOE, 1986)._ 

STRUCTURAL RESPONSE OF EXCAVATED ROOM 

Field observations form the basis for a phenomenologlcal modal m the structural performance 
of the und~ excavatlonl. This performance Is best characterized by data from the 
SPOV Test Room Panll. These teSt rooms are among the oldest excavations underground, having 
been constructed In March and Aprl, 1983. The rooms have the same size and shape as those 
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in the proposed waste ~tn~!?" ~"~! and are located at the same geologic horizon. They are 
relatively large excavations with each room having a nominal height ot 3.95m, Width ot 1 om, 
and a length of 91 m. The rooms are separated by 30m wide pilars. This configuration 
results in an extraction ratio in the Test Room panel ot about 25 percent The rooms were 
excavated In order to confirm the gedogy, validate design assumptions for the underground, 
and provide data. where necessary for revision ot the design. 

Observations of the performance of these rooms have been routinely made over the past eight 
years. They have establl5Aed room performance In terms of room closure, rock movements and 
the development of fractures In the immediate vicinity of openings (US DOE, 1989: US DOE, 
1990; Cook and Roggenthen, 1991). SPOVTest Room 1 has provided the most complete picture 
of the structuraJ performance ot an excavation. Measurements were taken in this room over a , 
period of almost eight years, from immediately followtng Its excavation untt a major root 
fall occurred. Different stages in the performance ot the room can be related to its 
roof/ftoor closure history (see Figure 5.1). Other rooms are showing the same general 
behavior but none others (outside of the SNL experimental area) have yet faled. SPOV Test 
Room 1 provides the most detaled example ot the performance that can be expected from other 
rooms having similar geometries. 

In addition, numerical analyses have been cam.d out to evaluate the structural performance 
in terms of stress and strain redistribution taking place abcU excavations with time. The 
analyses have used the near repository horizon stratigraphy described In Section 2.0 and the 
mechanical properties of the rock types provided In Section 3.0. Of panJcular stgniflcance 
to the Interpretation of the model, are: 

o the time dependent relationship governing the mechanal raponse ot the salt: 

0 the properties that control bed separations .at the strata interfacaa 

The field observations and the numerical anaJyue have been used to develop a model of the 
mechanisms that occur in the roof ot an excavation with time. The modal Is primarty based 
on the performance monitored In SPDV Test Room 1. The various stages through which the room 
passes according to the model are shown in Figure 5.2. The field and analytJcaf data 
supporting this phenomenological model are given in the fc8owlng S8dfons al the report 
It is expected that rooms having a geometry simlar to the SPDV Test Rooms and the waste 
storage rooms will eventually pass through al the stages ldendfted In Figure 5.2 unless 
remedial actions are taken to control root deterforadon and root movements. The root 
support system for Room 1, Panll Is baMd on the ~ to contrDI the conditions Identified 
by the model. 

ROOM DEFORMATION 
. ;: ·" 

Rooms with similar geometries have shown rlllldvely constsc.C datormadon characteristics. 
Although actual magnlud• d 1he room d01Ur81 lhcM a range ot values. The variability In 
the dosure rates ls ~emanstratlCI In Table 5 which lista rates al closure at mid room. mid 
span for the SPDV Tiil Roams• the rooms In Panel i all of which have limiar geometries. 
The highest closure rataa appear to be related to lhe room c:tosest to the barrier pllar and 
are lower In ihe mtdck,da panel lfld ar the solid abutment At present. no correlation 
has been established between closure rate and variables such as mining and variations in 
stratigraphy that might explain these differences. The variability In composition and 
thickness of the Marker Bed 139 may provide another explanation. 
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CLOSURE RATES BY TIME SINCE EXCAVATION 
Excavation Year 

Doteol Completed 
Eaoawatlon 'loflnal . 

Room atll..,.wt ......... 0-1 t-2 2'1 3-4 4-5 5-6 6-7 7 .. 8-9 9-tO 1M1 tt-t2 
-· ---

'-elf: 
IOolll 1 .-.1986 August 1916 4.t3 4.26 4..60 3.2A (3.51) 

loolll 2 . March 19S7 Mcn•t9U 3.02 6.7t 3.33 2..26 
IOOID3 Fel>raary 1917 Marcia t988 t.60 9.B5 134 2..7t 

toom c Feblucuy 1988 Marcia t988 &.33 3.t4 2.56 

loon.5 FebnacuV 19ea ua.- tta 9.t9 2.76 2.2a 
loom6 February t9U May t9U e.36 3At 2..76 
lo.m7 llarcht988 Marcbi911 9.26 U2 2.70 

D'DV: 
IOolnt Apdl"9U April19U 6.79 3.75 2.93 2.88 2.85 3.36 4.70 t2.77 
loom 2 March 1913 Maaita 7.69 3.16 2.39 2.19 2.M 2.33 2.74 2SI 
loom3 Marcbt913 Marcla19U 7.r,9 3.65 2..64 . 
~4 Aprllt9U Aplll1913 5.70 3.18 2.6S 2.33 2.t3 2.33 2A2 Ut 

IVGd&lng A-ptlons for RoOnl Closure: 
:OS.i 7.D 3.0 3.0 3..0 3.0 3.0 u u u 3.0 u u . 
*9t ........ i 7.0 3.D 3.G 3.0 10 3.0 5..0 5.D 5.8 5..8 u u 
:a .. 2 - 7,J) 3.5 "3.0 3.0 u u 4.5 u •.s 7.5 &.5 ... 
- .............. ,... ........... _. ... 
................... 71111 .... t.-ISPDV'Jest...._J&,_dlllDJllllJA .................... ... 

(DOflWIPP ........ Dalo .. pMod ... ...., •• '"°· ............ '"' ......... .. .......................................... 
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The changes in roof profile with time are shown in F"igure 5.3 based on data from SPOV Test 
Room 1. The room deformation, initially symmetrical about the room center but after about 
flve years. the roof /ftoor ctosure. become assymmetric with one side dosing faster than the 
other side. This behavior Identified from SPOV Test Room 1 has been measured In other 
locations within the facDity, and may be ~idered typlcaf of V18 performance In the widet 
span excavations at the WIPP. · · 

5.2 ROCK DEFORMATIONS ABOUT ROOM 

FIELD DATA 

Deformation measurements show that the rock mass deforms with time and that rock movements 
generally reduce with distance from an excavation surface although this behavior is modified 
at strata interfaces. ~ovements occur both normal and parallel to excavation surfaces. In 
particular, the Anhydrite 'o' In the roof and the Marker Bed 139 In the floor are associated 
with relatively large verticaJ and lateral deformations. Typical inclinometer data from a 
room cross section are shown in Figura 5.4 for inclinometers, and In F"igure 5.5 tor 
extensometars. 

Bed separation has been Identified at the Anhydrite 'b' In the rod after approximately 
three years. Separation at the clay/salt Interface beneath the anhydrite 'b' appears to 
increase at a rate of about 25mm per year once the ~ across the interface is broken. 

The geotechnicaJ data show that the roof and floor of an excavation act as a series of 
flexing beams separated by zones or planes across which differential movement occurs. This 
is largest at the anhydrite 'b' but does occur at other horizons above and below the 
excavations in association with strata Interfaces, generally clay/salt Interfaces. Lateral 
shifts in the roof indicate that beam flexure was stll occurring at a depdt cl 1 Sm. In the 
ftoor, deflections were not as pronounced. and have largely disappeared at a depth of 15m. 
Differential lateral movements of about 12 mm per year have been were measured In the 
immediate root ~m. five years after excavation. These rates cl movement have been 
confirmed by the monitoring of lateral displGcements In old excavations (Francke, 1991 ). 
Rock deformations about a room also is governed by fracture development The typical 
fracture development observed In the wide excavations Is shown In F"igure 5.8. The most 
significant fractures are low angled shear fractures develop at the rib/rod Interface of 
excavations. In SPDV Test Room 1, these fractures became sufficiendy persistent and 
continuous that a detached wedge formed the roof in SPDV Test Room 1 fall In eight years 
after the excavation of the room. Precise surveys of the rod In SPDV Test Room 1 following 
the rock tall are shown In Figure 5. 7 'and Indicate the geometry of the rod cross-sections 
to be arch shaped. The condition of the rod in Roern 1, Panel 1 is shown In F"igure 5.8 as 
of the summer 1991. 

MOPELPATA 

Roof /ftoor closure for the medal Is compared with the ftek:I data In Figure 5.9. Roof /floor 
closure rate Is 0.1 m per year (4 Inches per year) and does not vary significantly with 
time. 
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Bed separation provided by the model at the anhydrite 'b' level indicate that the separation 
is at a maximum above the mid span of the excavation and Increases at about 12mm per year. 
The model Is compared with the field data in Figure 5.9b. The model also shows that bed 
separation is occurring at the clay beneath the anhydrite '.a' layer. 
This Is not consistent with the field observations which do not indicate bed separation at 
this level. The moc:tei has therefore shown good agreement In the vicinity of the openirig but 
may not be accurate with regard to performance at the anhydrite ·a· layer. 

The shear strains are shown in Figure 5. 10. They buDd up with time as creep occurs under 
~elatlvely constant compressive stress in the Immediate roof beam and the contours of 
effective strains indicate potential faffure planes. These planes are consistent with the 
fracture development that occurs In the root c:A excavations with tii'ne . 

STRESSES AROUND ROOM 

Prior to excavation, the strata at the repository horizon are subject to an in situ stress 
field that Is uniform in all directions and has a vaJue of about 2000 pst which is 
equivalent to the overburden loading. lmmedlateiy the excavation is made, the stresses 
adjust to an ·e1astlc distribution. Of partlcUar Importance are the high shear stress 
concentrations that develop In the comers c:A the excavation (Miller, 1991). These may 
provide incipient fracturing that later develop Into discrete fracture planes. With time, 
the stresses in the immediate vicinity of the excavation reduce due to stress reUef as the 
salt moves into the opening. The excavation disturbs the stresses and the redistribution 
continues over time dependent properties c:A the salt. The principaA maximum and minimum 
stresses induced at o, 3 and 5 years following excavation are shaNn in Figures 5.11 & 5.12. 
These plots Indicate the changes in stress that take place with time. 

The influence of the stratigraphy on the stress distributions Is evident immediately that 
the excavation Is formed. The Marker Bed 139 modifies the structural performance of the 
floor and the anhydrite 'b' effects the stress distribution in the roof. 

In the floor, the Marker Bed 139 acts as a stiff unit which does not exhibit time dependent 
behavior. The variable elevation in the upper boundary c:A the Marker Bed Indicates that a 
high resistance to shear movements at this boundary develops. These immediate effects were 
also obseNed In numerical analyses presented by Mckinnon (WIPP /DOE 91-023) at the 
Geotechnical Expert Panel Meeting The salt above and below the Marker Bed will deform with 
time and depending on the slippage between the salt and the anhydrite will maintain high 
compressive stress Into the Marker Bed. These high stresses may cause brittle fracture of 
the Marker Bed 139 and its failure which would res"1 In floor heave. 

The clay beneath the anhydrite 'b' Introduces a plane c:A low frictional resistance into the 
strata sequence. The plane wll not support shear stresses. and this isolates the immediate 
roof beam. The plastic ftow c:A the clay ensures that high shear stresses cannot develop at 
the Interface and the low bond strength between the clay and the salt leads to separation at 
the Interface. Once the Immediate roof beam becomes Isolated, the lateral movements of the 
pDlars maJntaln Induce lateral stresses Into the beam. With time, the shear strain build 
up In the beam eventually resUts In the development of faiura . 
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Failure relieves the lateral stresses in the beam. However, due to the continued lateral 
creep of the salt the roof beam continues to be subject to residual compressive stress. As 
the shear failUres propagate in the longitudinal direction, the weight of the unsupponect 
section of the roof spanning Increases. At some critical length, the strength of the ·beam 
cross section is exceeded and the roof fails as a unit. 

PERFORMANCE REQUIREMENTS FOR SUPPORT SYSTEM 

The performance requirements can be divided into two sets. These relate to the functional 
requirements imposed by the experiments and the geotechnical considerations that emanate 
from the functional requirements. 

6. 1 PERFORMANCE 

6.2 

The functional requirements In order to support the bin scale experiments in Room 1 of Panel 
1 are as follows: 

1. 

2. 

Room 1, Panel 1 must remain accessible for a total life of 12 years based on the 
current ftve year age of the room and the requirement for a further effective life of 
seven years to suppOrt the bin scale experiments (FSAR Addendum). 

The bin locations are established along each rib of the room and a central access way 
17 feet wide is maintained down the center of the room. 

These functional requirements mean that not oriy must room stabllty be maintained but also 
that creep closure of the room should not Impinge upon the envelopes for the access ways and 
for maintenance of the bins. 

GEOTECHNICAL DESIGN BASIS FOR THE ROOF SUPPORT SYSTEM FOR ROOM 1, 
PANEL 1 

A geotechnical dlsign basis has been developed from the discussions presented in Section 5. 
The design provides a system support of the roof In Room 1, Panel 1 to meet the functional 
requirements described in Section 6.1. The geotechnlcal design basis Is as follows: 

0 The support system shal support the weight of the detached rock wedge that forms in 
the roof as a resutt of the development of low angled fractures from the ribs. 

o The support system shal accommodate vertical movements of the roof that include both 
differential and total displacements. · 

o The support system shall accommodate lateral shifts 

These requir8mlnls lfl discussed in the following sectiona In terms of the bounding values 
that encompass the conditions expected to be encountered In the flefd. 



8.2.1 ROCKLOAD TO BE SUPPORTED 

The weight of the detached rock wedge that forms in the roof depends on the orientation of 
the fractures that develop. An estimate for the geometry of the cross-section of ttwrwedge 
that must be supported Is given in Figure 6.1 a. The estimate Is based on the observations 
of the rock fall geometry seen in SPOV Test Room 1 and the inttrPretation contours of shear 
strain in the roof (MOier r 1991 ). The wedge geometry consists Of an arched shape that 
forms from low angled fractures starting at the the ribs whose propagation are bounded and 
controlled by the bed separation occurring at the Anhydrite 'b'. · 

The design load for each rock anchor has been based on the maximum weight of rock that is 
predicted from the rock fall data. This only develop at midspan and it can be expected that 
the loads requiring support wUI reduce towards the ribs. A representation of the expected 
loads that will devefop in each rON of anchors across a cross-section is given in Figure 
6. 1 b. Based on these estimates, the design load for each anchor has been .taken as 20.000 
lb. 

. 
The rock load will be supported in suspension by the roctc anchors from overtylng competent 
rock. The concept of transfer of part of the weight of weaker or thinner bads to ftexures 
more rigid strata by rock bolts was originally described by Panek (1962, RI 6138). The 
mechanism is relatlvefy simple and calculations based on It cover the problem os 
stabilization completely (Habenicht, 1983) However, despite the simple nature of the 
suspension process and the relatively simple analysis associated with the design approach, 
the calculations have a limited role in the design and musl be supplemented by performance 
tests on the anchors. This Is due to the uncertainties associated with rock mechanics data. 
such as rock properties their heterogeneity, stress flelds and rock mass composition. 
Design calculations are made to provide a theoratlcal background, while the practical 
detaBs of the design rely on practlcal site specific tests, field experience and field 
observations (Habenicht, 1983). For Instance, It Is possible that the irregularity In the 
shape of the planes of separation that outline a rock body and the unpredictabllty of 
potential fracture planes can slgnllcantly alter the volumes and therefore the weights of 
the rock load that is being designed to be held. 

4~"" 8.2.2 VERTICAL MOVEMENTS 

The vertical movements that the roof must accommodate are a combination of salt creep, 
dDatlon of the salt due to fracture development. and gravity effects once fractures have 
formed. 

The total displacement has been taken as 38min per year vertical la.vering of the roof at 
midspan. The differentlll movement Is taken as the difference between displacement of the 
roof at mid span and that close to the ribs. The differential movement to be accommodated 
by the design has been taken u a maximum of 25nvn par year. Ruot displacements are not 
always a maximum at mid span. Once fracturing becomes visible in the roof along one rib, 
then the field data shows that the roof deforms asymmetrically with one side lowering more 
rapidly than mid span or the other side. 
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The rock between the anchors may break up as a result of the constraint being applied by the 
rock anchors. The broken rock wUI be supported by the system of lacing and mesh amplaced 
on the roof between the rows of rock anchors. In reality, It Is expected that the roof rock 
will retain much of its inherent strength and the rock wi' bridge between the ground anchor 
supports located at nominaJ nine centers along the length of the room. This axpactatiOfi is 
substantiated by the performance in SPDV Test Room 1 where the detached wedge remained a 
single unit and fell essentially Intact. 
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INTEANA TIONAL MINING SERVICES INC. 
RETYPED FAX RECEIVED FROM HAMISH MILLER 

CONCLUSIONS FROM DESTRUCTIVE RQCKBOLT JESTS 

The curves of load vs. extension were plotted for the 10 rockbolts that were tested to iauure•. 
The points beyond which non.linear behavior occurred, were noted and these values are given in 
Table 1 below. 

TEST NO. 

TABLE 1 

"YIELD• LOAD BOLT STRESS 
AT"YIE~ 

PSI X 1,000 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

X 1,000 LS 

58.045 
58.045 
56.81 
56.81 
60.52 
58.045 
58.045 
58.045 
58.045 
58.045 

73.475 
73.475 
71.911 
71.911 
78.608 
73.475 
73.475 
73.475 
73.475 
73.475 

NOTE: "Yleld• represents the point on the LOAD-EXTENSION curves where the curve departed from 
linearity. (see attached test resUts). The manufacturers of the Oywfdag bolts give the 
"Yleld Load• as 47.4 KIPS, which with a cross-sectional area of 0.79 sq. ins., gives a yield 
stress of 60,000 psi. 

The results thus indicate that the mode of faUure Is that of bolt yield and not falura of the 
resin anchor bond . 

There are slight Indications of non-llnearlty In some of the test results. but It is felt that 
these are due to deformations of the plat• and the 9beddlng-in• of the plate on the salt 

The test -yield" sarasw are between 22% and 2K higher than the ASTM yield stress of 60,000 psi. 
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·UNOERG~OUNO DRILLING HOLE FIELD DATA SHEET 

Date: ~/l3-;~, 

Room/Ori ft: eao~ '1. - i>4A.lG: L. I 

Purpose of Hole: '}:>1.tl..L l2§rt ~ 1?:'9m..u.g,\.Jc:i 

P-+oe13~ 1-1 

ATTACHMENT 1 
WP 09-009 
Page l of 2 

Location: r.l.et.Jt> 4-+'W ~t 4s .. so ~ ~i-D'-"1 J. gu_\J(.~5&\.~ 
l\ '-1'' Depth at Completion: 

'
,,,c},, ! 

Diameter: o !r 

Approximate Collar Coordinates 

Vertical Angle: Y5/b. Cs0 10l.saAIJC6) 

Direction/Azimuth: 

Remarks: 1Qe6t'1 / J:q:.t:.. ffJC.'-'o~ JES?-i- 4,-- ) ; oS ~ ( 

A~n::> '2: ooP~ Fd.. 

Signature/Department:· &. ~ <6/lbf:tl 

WP Form 2014; 10/15/90 
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·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: 

Room/Qr; ft: p~ f .... e~ '2.. 

Purpose of Hole:. &lb TE..$T: )?~w, rVE: 

t/"rO~l "39' .. b 

AITACHMENT I 
WP 09-009 
Page 1 of z 

Location: N e.JJJ> 4-f/ 1'-J ~'=-"i. 36 -10 t=l'. ~&..,, J. ~L~cS"-D 
I II 
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Vertical Angle: 
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Signature/Depart11e1tt: · 
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!Pressure Gauge - ------~---------- Cll.ibrated - 11 

~e Bolt 
Tension 

Displace 
ment Remarks 

I , .... u r----~ ,,,,~....,~M 
i 4IE•1 III' ""'~ ~ -~- ,,,..,. -· ~ .. ..,.. ~Kit·· Nim 

--- , 6'1~• I~ l'l'I 
"'-"-"• ~ 4'T' !r/CT:J JI Lr'1 IT~ .KAAI 

, W.'-r- r:~ I -.. 

-
. - ... ,,. ' ,.. Ar .~7410 _. 

' -- . ,., ... _ -... 
•·:..iU I -'l/IJIJ .. lt:l I ~ • .,-r,.,r ~"-IC7 . .T"""'~ 

p . .... T • • -
•. .J 

· . ~-.. 

--1 
Test ~ts - ~b,,.;-- :: __ .!. torce - --------
~i..sp.l.acement at :4ax1J111• 'PUI~:.l.::i:-.~·::::.::::· ==~~'.::::::::::=:;;;==~~~;:==== Ua:c::Jre of Failure~ __ ,, 
otr".ar Remarks . £5.. . - ~. - htL . -~ ... 
Tes~ -ev - ~I. ' "TI ...... T• •. • ~-.;,vea i:JY - ~ .... 
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W l~P - Rock Solt No. ~of>1.39 \- l l 
Mine r Rock \.\AL'"'!'§. Hole Location "~ • b•""' ,,. I 

'11Hole Len3th - I~" Dia. - @ AnchOr &&l!eo /@ .midpoint i.,VA 1@ Cjll.:ir '1LA_l 
or.iem:ation - YQTicAc.. ls• -m~··..acwI~ 

1 

ao1 t Grade - <:.tw t.erqtn - '' ' - o •• Diameter - .., fi 1 
Shell Manufacturer - ...:J..l;:./.~A~--

Length - H/A 
Model - _N/.......,.A,.__ __ Diameter -~ :;;:o._._A.__ ll 

Res.in ManUfacturer -~ M:lde1 - we;ae • 0 4D4 Diamel:er - 1 '' "'' )
1
·1 Length - t1." ~i~ - ..-!L-.... _________ _ 

~PD~ 
Fressure Tension 

I~ ,., Vil" -..-. I r 

-£90 .,.;,..,. Q .... 

~- ... c. ·~ o .... .• 

d.100 A-

... -

~ II tr 

' I ,.. 

...... 
'I 174D 

' / "' / y 

/ " I '-

__ "!II r 

0- '1..• • --
- ~ - • ~""::;;..',J.llj 

~ .... _.,,, 
0 0 L'l;. 

o ..•• -
rl- .. ... ' ·~ 

/ ........... . .... 

• - I 

-· - t:ll ,£0 '41.AI" J. ~ ""7 ~Q . ~/.7. ·- -- ~ -· . ·~ - ·--- ~ ,, ,..,,,911 
•rf" ~ .... """:-'-.... ~ t;;i'.9 P'..I ") Jb ;.; I 

eLI,_ [) ~ t; """""'' .U-1\ ~· ,1,,_ 
'5' UMP,;i:> "" ·- _,t.1 u-.~ ._ ... , .. : .&--. 

.. =::J 

----
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·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: t/11/"'J/ 

Room/Ori ft: P"""•'- I • 2-.._, '?. 

?urpose of Hole: P\.c.U.. 'TS,.,T ·. Pme:.,@"§!Nr 

~.,.~, 

Loe at ion: tJ. '"'I> A.,,,,.,. 4 • •J: ieo""' d .t.•.-ct. ... 1- • c,. s:,. 
fL--.,, ~1.4.ULI.I ~ t\ , _., f• 

Depth at Completion: 

Diameter: I· S/f!>-lf t/ 
Approximate Collar Coordinates 

Vertical Angle: v~. C.~ ~l.SQA,jC§\ 

Direction/Azimuth;~ ---------------

ATIACHMENT l 
WP 09-009 
Page 1 of 2 

Remarks: ~§~aJ/~ ~·""& ~ 4T\f :59~.!?:lDt:11,~4\ 12:oSr.=:r-
,; . -:.' - -' ... - -. : 

Slgnature/Dl~~~A);··~ 'I.fr'/~ j 

WP Fonn 2014; 10/15/90 
?age 1 of 1 
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!!Solt Grade - Geu> ~th - l~'-o" oiamau:.r - tte II 
!}Shell ManufaC--.trer N /A Model - _JJ_/A.___ Oiw"ileter - ..;;;\l._/A.~ __ ;/ 
I_ Lenqt:.h - l\\fA II 
I I -11 

i
Resin Manufacturer -~ · Jolkxjel. - H'PD .. o?o«J. Diam"Cer - '~,, 

Length - \2... ~idges - '3 :: 

_rnst:a.Llation Date - 9"/l&f't>I Ti.me - 10: st'!' Torque - ij/A ft/ l..clj 

~ JC1-- • c..g> Extensc- I FUJ'll) Bolt~ me~ =lace -:~ressura Tension Readirq .Rei-narks 
I 'Z. ... ~ o.ao~ I I .4 A.oil ,..., ~.o~• 
I &. .,. .. ,., ~ -• ii 
It • 4 .... a.,,, , . - If 
II 10 .......... 

0 ·l:'• ... If 
1'1. ,..,_ '1.' II ... n.,•o /J . ... 

11 h .. lVJ"' '° ..., . ,,, 
I Cil. i:z· '~ ~. '· ll 
'O z:g - ,., . ---i1 .,, 

~-' I I 
7\1. 7•11!11 IO ,o. " I I ,,,_ 

--~ 
, ~ ., 

I ... ., 
'·" - , '• ... 

I 'In 1"' ~·"iD ~ ' . "' ~ I 
t .~ ~· '>. '1• £7• i' ... ' ~ ·~ :-..a 

,.,_ 
~· ' 

1~. .. tC. IE llllD ~ .. 
~ ..... 'l.S" A. 4ltl. 
.. i ..... • ,.,,...l • " ... ... .11111 ,. ... Ir- ""- . •n 
~1• • "- "• 4'J' _, ti. .• L-. ,, ., . "'H•.L 

.. ~ 
.,. , . .~ ~J ... 

UI C'I • .of!!,. ··•cs 
DI. ....: .,.t ... - .,. 
4.l -c l!IC" r'!I. ~ z::;ji 

All. L::J.~ ·r-. 

··~ 
4rC PX ,. J. <""' .,. 

~ .... ,_ 0 A t • C""' _r ... _ 
/'_ '· ~. 'J r .. - ., ... ~ I -,.., --• ~ .. ?GD r , .. "" ·r ,__ 

a ~- ~.JE7- /'..~ ~ 

~- . ,A. tJ ~ ,. ~ ... , r ~ -- • ___. 1".t'r :r. -.·~ .. --~ - lf~1fl~fTI r-10 ~ ~ W' 
. 

I 

J 
... r I r~ "i ~ ·~ ... 
C'I.. 

-- "I 
.. "'-" ~ r,.., ~~e1 ,,.r=:. 

C'1'1 T ·•-~.JI 7~ ~.Ir.I ·,u,1111 

J\l'.J- Maxj rllllll fU.l.l Farce - sarllO 1t Tes"t. Results - I_,, 
D4splacement at :-ia.x.µaum PUJ.l ro.-ca - ~. """. 
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·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: ta/•J/->• 

Room/Qr; ft: 

Purpose of Hole: 

Location: H. &M1> ~,, ... 4., W o~ 

Depth at Completion: .-l-.\1_-_1_·_·•_-, ______ _ 

\ 
,,, ,, J. 

Diameter: QI 

Approximate Collar Coordinates 

Vertical Angle: Vfi.J¢. ls• 'T'O~NC.5) 

Direction/Azimuth: 

Remarks: lZ.@at/~ ·~ -r&CSnet> AT 131 p.-,_ 

~p Cd:Jloc..s;;(p ~,.- I: S-~ 

. "'\ 

·: ...... ··;-~· !~ ~-

·-.... 

WP Form 2014; 10/15/90 
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I 

Reck Bolt No. P!Ol 1391 • '3 ll 
Mine W\PP Rock !4£L 1n:. Hole Ux:ation lj?!!:!6C.. t • ~ z.. 1 

I
I Hole ~ - I l~ 7•• Dia. - @ Nr.OOr $4'.!&S>J@ midp:>int NIA /@ collar ~, j, 

Or.ientat:.ion - 't§.ll"T'tc..t. '- C. :,• "'11:'\.S.aw,e). s-.,,ortH . 

I Bolt Grade - C11>, "" ~ - Ill" -·· Diameter - .. , I 
Shell ~~er - NifA. M:del - t.J/A Dia.~ter -NIA 11 

. I 
Resin ManUfact:urer -~ !b:;ieJ. - H:>o ·o?.o.J. Diame~ - \ 'A.f." II 

LenqtJ'l -. · \'Z ,,.-_-NO. -cartridges - ! II 

Installation Date - 05/r!J/:>1 Time - \1:>:4l Torque - lJ/.t.. tt/ l.t 

Test Date - Time - .1 ~~o l*m Taraue - J.J/A ~~'1f6 

J 

Tes~ Jack - "eC. • c.o - u. ~~A. 'I'E!ls'C F\Jq;) - 2.C.·C. • C.i&.it~ ~tJ. - ~ nir:-. 
Dial Indicator - A~ y-c:>o4p ,.. , ~ ... .__.. - .,...,. ·-· 4 -~r 
Pressure Gauge - u~- _ t?i 1 a_, calil:lrate::i - nt. - oc. - 0ii ' 

1'? ,., .- ... r I 
I "- ii!)• /,A , 

,,_ 

• I 

' ; ., 
JI.ft 

•• 

,.... , .. 
I 

Cll ~ J 

~ ! 
~ ,, a1 
aa_,. 

e:I• .,. .. ;t.i' 
' . 

.. . ,o;, l ' ....,.. . " 
~ ~ f • I 

d~ . ,, .... 
.tt::7. ,., .. 
~. ' .. ,.., . .r ... ~~ 
~. 

., ,, , - T~ 4 

• 

.... 
'\. ./ 

>£ 

11--~«~~-==1=~~+-~-+-~~.~~~~--~~, 

,. 
"\. 
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·UN~ERGROUNO DRILLING HOLE FJELD DATA SHEET 

Date: 

Room/Drift: 

Purpose of Hole: P"-LL. r->"T ~ '"DG>TS+4s•Vt& 

P'T o~ l~'?:>I - ~ 

11'-1 1
' Depth at ~ompletion: 

l - '/a..,, ..: Diameter: r v ~ 

Approximate Collar Coordinates 

Vertical Angle: '(e.ILT9 l~~) 

Direction/Azimuth: 

Remarks: tl!? lfJ / ~ ANCl-loQ 

~ C9-,.,~'4!1'1otJ 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 
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R0:K EPLT~ON TFSI 

I \'·7 '' Dia 

Rock Bolt No. ~°'\3!)1~ ' 
Rock ~A'-1-ni 1-ble Locatic.n Plllf.fg I - 'kll 

- -- . - I co c:ir 
Orientation - -~. (~~~ -"""'""' -. I 

Bolt Grade - G2. "° ~th - \:\ • -o'' Diameter - dg I 
II 

Shell Manufacturer - ....al'.A Model - !::!.!'.A.. Diameter - "'1/A. ll ~- H/A 
jl Resin Manufacturer - ~}bjel - fo.lt:)o-~ Diame"C.er - \ lN,.'' 

. LP...nqth - • idges - I 
Installation Date -tRJt-./~1 Time - 1o:s '~-- Torque - tJL.4. ftll.b 
Test Date - o JlicJ I C'J ' Time - ~ : ~ .r '° J11 Torque - "'1.1.t.' O!I" f'-'Ji h 
Tesi: Jack - "" - I!...- - ,,. fi~:C .. Test PuiiP - u,._ .. ,~ -•.s c...u - -~~~ 

Dial Indicator - A .,,a.. ~ """-cc>4.o I -;:ii I 1 ". Q'-Cto.A - ·15 LI< ~ ,...;;.4 .. Q./ I 
Pressure Gauge - I ,-,;;_ 7!:A4 r 1-AI tt ool calibrated - I 01 ~r~ I l!!o. I Dl, I J 

~ -v.u. 1.100 <-p- Extenso- •f/ot.71 t 

~e BoJ: meter =lace Tension Reading Remarks 
.. _'>II! 2.C.i.o i~.o:::;>I ~ 

11. AA.._ ,,....,_ ....... ~.,. 
,,. )1 re ,,,...,_ , .. ,. 
~ "' eo 1~., - .I 

10 1'2 I.CD ·-- ~ 
, ... .... I 

l"L , ... at ~ '"1l -1 I 
I~ riuo - ~d· 

·~ \llJt~ ....,., ,J ~ ......... 
I tl -n·- --:;j • 7£', 

'° ~_..,dill I .... 7 ... z 
~ ".t ..,... ... ~ . -~ 
... Mt.Ila .... , I <:' 

• ~~ 10 ~ . ~ ,,.. 
·-- "A_ , I(_ 

1 ' "'' !P ....... -
• .. ~•c ID ~ ... ',,,_r-

·' •• 11'1! "" ........ . 1".1-
u. .. "- ta • .-1 . 

~"' 
=-· "- .. , t!I""'" - ~-
2i,j I - ~ . - . :.--

4 I~ If • '.lf 
"'- I ....... .1 J ., 

' . ... 
""" . - J "' • D .. s 1 .. • ...-

• .I • - l • '... . "' - ~ - ..... ., 
.. 5~ ~ "'!:•- ..... iC. 

• :2"I ... .. .. .. ,,_ 
. 

[ . ,~.~ .. ' - •• ...-
c. Jl'llil'. I ... ~ i '.Ii. A'~/~ - • rr~~ , . I - -~ 

I ...... .. - -

Fb 
,, • .U"'!; ' ~J ""~ ~ ..... 

Al 1 ..... 4 ., oz. M1~-.1 T~ '}.,..~ ~....,. 

l~ I.Al - .; r:r: :z: 
• 

, ~ -
I I 
I Lo 

",. "J •-.'.:"M_,,,.~ T -~. -'~ 

Test Results - A~.L.Pn;,b Ma.xi 111 ma Pull Force - ~-
Dis lacement at MaxlJll un .Pull Force - .. 
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. 
·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: 'b/13 /t:;>' 
Room/Ori ft: PA~~ l - ~,.,, "'l 

Purpose of Hole: . Pt{Ll. !6?'7 ~ 1:>6~~vc:, 

Pl o~ I ~ ~ I - 4. 

( p~R... t't.or1 T) 
• 

ATIACHMENT l 
WP'09-009 
Page 1 of 2 

Loe at ion: }l. END 4 .... , w ~-.o\ 4 A,Pfflp)(. ?.Ji -'3c ~ FTt~ uJ.. GuU <...l.\·tSA-(:) 

l' I• 7 '' Depth at Completion: 

r 3 .lo ft L ~I . Diameter: ''o ~ CO!f!et.01'~ 

Approximate Collar Coordinates 

Vertical Angle: \1€12..."T', C.S° ~u;~ 
Direction/Azimuth: 

Remarks: ¥:-&~ r t-L / ~ A.Nf.tJOft "'lSS- A-r '2.: ZSf>~ 
··A~~ CDf.lt?~T> 4,-z~~sf'V' ~ct- cat:M l=tc,4?f!oN. 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 
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.Rock Solt No. Pfofl)~, _ ~ 
1iMir.e W\PP Re.ck l·UU.1T& Hole I..ocat:.icn c>ANp&.. t-~:z.. 

'1Hole ~ - 11'·7" Dia. - @ AnchOrGA441P {@ midpoint Yt'h /@ C.:lllart.UA....1 
It OrJ..cn'tatJ.on - V§!..i . Cs- ~"'It.AH~_ ~'¥TH i 
~Bolt Grade - At2C.o ~til - l$'-o'' Oiametar - -w. er I 
llShell Manufacturer - .J/A. rble.l - >-J/,A. Di~-..et.cr - l-1/A. ! 
~ ~ - N.IA. 

i fu:sin Manufacturer -~ Medel - ~~ .oi.cL Diame-cer - t"""'''=l 
I.enqth .- 1-i" ~lcl;es - 3 I 

~ 

1 ~J(tco L&~ 
1 Fuirp Belt:;...--
j Fressure Tension 

''"" I z. .2 .,.,. 

I c .o4GM 

1. : ~ 1,-: 
I \0 1"9-..n ,-1. ~ 

\'lot'- 1....: .//I I 
,0 _....., 1£. ''-' ' 
7"- ,., l"IO 1....... . • -/ 
"'1. -U- ICl - '.,j 

• 

I ~ 

ll;J-:::~~t:::t:~·l~1;,~!,:•:::t:·~a;:::j4~~··iiL~::::::::::t:::::::::::::::::::::::::~::::==:::~j II- • ...-il.. u• "" 
~ ~ t~~~~~~~~4~~~·Yllliw.,._~~~~-t-~~~~~~~~~~~~~~~~~11 

~- ,,., 
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. 
·UN0£RGROUNO DRILLING HOLE FIELD DATA SHEET 

Date: 

Room/Ori ft: PA.use... l .. 't2.~ 2. 

ATIACHHENT 1 
WP 09·009 
Page l of z 

Purpose of Hole: PK'-t- /c;7 ·. ~nve (,~!NB. l~ot, I) 

Proi 13-, 1-s 

Location: 
I 1 II Depth at Completion: _,_,_ .. ________ _ 

\ ! '• ".L Diameter: f'r1 ~ 

Approximate Collar Coordinates 

Vertical Angle: yf:.R..T. l5° I0\..6l.A.Nt.~) 

Direction/Azimuth: 

Remarks: 'g..0t~/1Z.qCZ AICLk?L TE1>T Ar s· 3g ('~ 
At.JD ~,:iu;..nzp ,i..i- 2; SS P?JA ~ 

Signature/Department: 

WP Form 2014; 10/15/90 
?age 1 of 1 
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fO:k Bolt r,.ro. ao~J 
}t)le Lccat.lan 1- 2. 

---------- ---------------·-----·-------
1Bo1!_ Grade - ~~-------~ui - l3:-o'"~· Dia.-neta.r - "'~-------
~ll Manufacturer - ~/A. :-b:lel - J.J1.&. Dia.met.er - ..VA 

I..ergt.h - =N=l=A======-----------·-------------11 
Resin Manuf actw:er - Cc;;vr1TL }bjel. - k'9 · o2o4 Diaxeter - ' 1/t.J. •£37"' ~ lerqtil - 1:z.• -NO. cartri~ - _3 ___________ _ 

Ihstallatl.on Date - 0'8/08 /OJI Time - 12: 4' P"" Torque - _...v=~--.... ft~/ulb..,. 
:est cate - ~/o!>l~.l ~~~-j·.42,P"'-'" To~ - nt• ft/lb 

Dial I.n:ilcator - ~- A1'li.. c;p ·°"!fe -.,.ca~r~+bi~:-a~~---1"'""0=--"""'4=--. , . .,.=..., c..Wlol::mt!4.'---!Test J~ - £t#•to-CiM~~~ i4WL!est Puirp - ft-JLo·cu~ Z3!$ 

Fressure Gat.qe - ~~i.;i pp\~I calillrata:i - &- '-~\ - -- - - -- - -- - - ... _ - . 

·~ 
~~aou 
Proe~.-e 'Ien.siai 

.__::;;i.=00..,,,,...._-+---'2=-::2•~,o-+--o. •Po....._ ~·-"''-'--+---------·-------------1• - 4oO -''140 -o-;~-,-
t-.n ""410 0~.Tl4~1.~--r----·-+------------------ll 

--.&.::1.L=--.-4__::;_;_.;....r..;~-+---------------------------11 

a- ~«.soo "--'-·T-'-:-= 1.s_+-----1----·--------------_ 
~_loon l2. 'a) n . I 1.4. 

1~.o -~-------o-·~~~·~S---.------+-------------------
........ ,-~ 11-z ... cto _____ o. 'Z..,,,,,,~&.--+ ---·--•-----------------------~ 

1. "«) L~"'\U!I -,,_!~it!._ _---------j------__ ----·---------II 
_J&.CO __ ....... ~ 0. Z12.. 
UCO - -- "' • ~--+--::.,.-,..--" oo 2"1 l.,o o . 'IU- _W"., ---=--3t.S--=J>·--,.,.=.,--J(T-:ft-P~ • ~ t-=:. 
·~·~ ~,;:._;,,,.,. 0. •n ~I• n.~-y-~.,tJ't+-.--t-""-M::-C.~T-t:.-::---.----,. --'-"'-'--::..----~! 

0. :•• 

0. 4.41 9 .&b WIL~ OJ.lo. A.!:.JEC -?.. Ml~ -
~~~~=-=:$:::.~CJl~_jl'lC2..:..•~ 4'.£..!:!t::.-+----....j..:!.Jt-s:...!:""'~l\'WC!!!!ltll...D....J•Ui!-!e!'~ ArJ !$Ce ~~ ·~ 

.....:~~~~-=---~~-----4------+~-----------------~· 
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R:x:K OOL,T~CN TEST 

~ 'Z. rF'-Z. . . . 

- Rcx:k Solt~- h~~l-1 
.M..i.J"~ ~ltt Reck U.GL.. l::t& Hole Lo:.:at.lon 

Hol ~-- Dia. - @ Arc:b:J,r @ midp:).i..nt /@~ 
u tat.ion - ~ 

-· -- - -
Bolt Grade - ~tl'l - 4amete.r ---- ------~~ ·-------
Shell Manufacturer - Diaraeter -
~ -

~~ --Resin Manuf &..-turer - Diameter -. -
Ler-qtl'l - ~*O. c:artri~ -----J 

Installation Date -/' Time - ~·-- f:tD.b ·--~-,/ 

Te..st Date - _/ Time - Torq.JS 
_-............._ 

ft' /l h 
'I\:'.St Jack Test P\.iJrp - ............ 
Dial · ·cat.or - Cilibtated - --Fr~ G.li.qa - calibrated -- --- -- - - ·-- - -

~~ 
~1:enso- =lace Bolt meter 

Pressure Tension Readirq Remarks - -- -- •.. -
~-%Jll () •'O""''- ;..~&,~~~ ~ .... 

i---- GDC"f" Yl ISL D ~~e •F''frl/o~ - -·· --- I -, 

...__ ·- - i"GO'':>f--~ I '-lq I~ 

._ ____ -----· "2.~~ ~ ---
·-

·-. 

, ... 

·-

·-

'"" 
-

-
---- ·-

"---·- ·-
------- ·- --- -

·--- ...._ ____ 
--· . --

. Pull - -Test Results - - Maxll1Ull ~ - - -Displacement at !-'!;; .... ,rm ~··I l rorce 
Nature of Failure/Yield - .---
Other .Remarks - f'\ J_ A .. .- ---- I"'\ 

Tested Ply ilJ I ur II~·· J.1 ApprOV~ ~ - -D c:.: IL - - "'" -
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·UNOERG~OUNO DRILLING HOLE FJELD DATA SHEET 

Date: 0 rt>/oe/9 r 

Room/Drift: 

Purposa of Hole: 

--··-----

ATTACHMENT l 
WP 09·009 -:
Page l of 2 

-----

Location: ~~: ~i>PR.ox.f"·' S o,-~~i APPt.ox. \O·~~ 
\ ' '- • •• (_ " ) 11' ... c..s" ""'.,ca_"™ ~i...~ Depth at 1=v•rp1et;on: I - P.S+I -o 

Di a~ater: .. __ . l f'f, C.OfJ1PL9"'1• ,J 

0 i rec ti en/ Az ~:nu th: -------

Remarks: g...,. '2«,~1.,. At.sa.iell-~ \9..16P o'°' 8 · ~ · ~1 Ai- I ~'ISfi 
1J2'1 · Cb ""''u;-.-eD t ·. ~ pw H:L C&"~' F• ca-...-.1. . 

~p Form 20!4; 10/15/90 
?age 1 of 1 
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, .. 

- Reck Bolt No. P'tOJofbe,1. z. 

t
.M..i.ie WtP~ Reck \.lAt. rr• Hole U:catic:n P4;l51.. 1-~ 2. 

ii.O.:.e La.~th - ~ Dia. - @ Anchor C...U&'~@ midpJint ,j/A /@ collar \J/A 
or ... entat1on - Yf<@l'<A\- 's• "'tc::l6""4y<.tE") ~~CWTM 

l1ao"'~ -Gr~~ - 62'-0 l..an3tll - 1~' - o!I~" Diameter - i:ta -
1-- --- -------- -
She~l Manuf a(..Ul.rer - NI" r.b:Jel - JI~ Diameter - >l/4 

Le.r-qt.h - tl /A. .-.-...--

~in Manufacturer -~ M:del - ij~ - oz.c:..Q Diameter -f'',((~...,...,J 
I..erqth - t+'' No. Cartri~ - _-s ____________ ~ 

>-· ~---~ 0. 2.11 -,. , .. 
- -I~--- ~.1&!1. -~ ------+----'l,"12ftl>..._.o..+------------------ -
__ tc.o._ __ ~4 __ r -·----·---,__.~------------------~--
~-~eoo~ o.L,~ _____ ._ _ __.~_...~,2-i.~-----------------~• 
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_- ·UNDERG~OUNO DRILLING HOLE FIELD DATA SHEET 

Date: 00/osl°"->r 
. . . . 

~oom/Dr1 ft: P...y&;.t.. L -~ "2. 

?uri)ose of Hole: "Pw..c... \&;~ : ·t>~Rva-•vc (~__llP-,,.-"-"T-~~-
__ . _____ Pti_Of0-08~1 --z. 

----------------------------

~~pth ~t c~~pletion: 

--- ----·---

Directicn/~zimuth: -------·---- 'Z •. SS' p"""" • 
2,.QC.~'IJ 4N.~--~7'Gb q.J ~ -~·4:>• A:~ ~:ps e~ ~ernarks: 

'..iP Form 20!4; 10/15/90 
?age 1 of 1 

~ ., : os ~ Fot. e.g ... ,, F ,c:.p_T._L...,o,J......,_. -----

-------------
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·uNDE~G~OUND DRILLING HOLE FIELD DATA-SHEET 

Date: 

Room/Ot.i ft: PAttC L. l - ~hi\. 2 

?ur;:iose of Hoh: ~u.. J'!S:>"r: \.>s;SJ"2.u.&.il\i€ 

__________ P!oeoe,91- 3> -

Location: 
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~) " 
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Oiracticn/Azimuth: 
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pESmCTI\"E TESTING OF usrn +\"iOQS 

Page .l of 7 

A representative: sample of resin anchored D}•idag tendons 10ill be 
pull tested to destruction. · ~s will be achieved by installing 
the l:'ock anchors in ROOll 2, Panel l in conditions as similar to 
those in Room l as possible . 'O'l8 results •·i.l l be used as basic 
inp.it data in the desisn of the supplcmE:ntal support syste:m 
proposed for ROOCI l , Panel l. 

OBJECTIVES 

The obje:ctives of the destxucdve testing are expected to yield 
results that: 

o pro.,,"ide data on both the mode and load at failure of the 
hialite/resin/tiendon bond. 

o e:stablish the allcnoable design load for the rock anchor 
systeaa. 

In addition, othE:r in situ tests are expected to pro••i.de rE::Sul.ts 
that: 

o check for interaction ~ffects betaeen rock anchors. 

o provide short term creep response of the rock anchor system. 

3.1 Pe:rsonnel Safety - All personnel participating in or obsen"ing 
destructive testing shall be properly equipped. 

3.2 For the safety of observers, personnel not actively participating 
in the destructh.. testing are requested to stay outside the 
designated work area. 1be boundary for a designated •ork area is 
to be established at lea.st fifty (.SO) feet a-.ay. 

3.3 During the performance of the destructive tests, safety chain or 
cables shall be attached to each item of test equipuent ..-eighing 
more than 10 lbs. that may be "-iolently relused or fall as a 
result of testing. 



4.0 

4.1 

4.2 

DESIRlCII\] U:SII~ or R£SIN A."CHORS 

Page 2 of 7 

TEST MAIERIAL) 

Resin: Celtite Loc:kset Polyester Resin Cartridge 
High Viscosity, Code (H) 
Gel Ti.cae, Tt.io·to-Four '.-lin.ites Code (90) 
Cartridge, 3212 

Q.\. Verification: KV '?( 
~.a.\ 

oio4' •·1 

For additional information refer to Attachments l, 2, and 3 for 
:taterial S.Uety Data Sheets, installation instructic:.ns, and 
product informa.tion. 

Tendons: Dywidag Post-Tensionil'l6 System 
;,.S TiiRE....\D&\R ( UIT) • ASnt A615 Gl 60 
F1.1J. LOAD A.'\Oial ~1."'TS FOR GR..\DE 60 lllRE..\D~ 

Q.\. verification: ~1' 
For odditional info1-mation ~efer to Attachmt:nts 4 and 5 . 

.5. 0 !EST fD\;IPME.\"l A.W IEST REOCIRE:iE.'tiS 

S.l A mini.laim of ten (10) rock anchors shall be installed, and loaded 
to failure. Ir.itially, only one set (of five) rock anchor 
installations shall be tested in any gi••en tlrienty-four (24) 
hours. The load lw"ill be record41!d all the •ay to failure. 

5.2 

5.3 

5.1.l 

5. l..2 

The failure mode is to be detumined by p.illing tendons 
completely of the hole. 

For the pirpose of destructive testing, failure is 
defined as an increasing or continuous deformation 1.d.th 
no increase of the applied load. 

There is to be a waiting period of at least twenty-four (24) 
hours between resin/anchor acth·ation and the coanencement of 
desuucdve testing. The waiting period assures that the resin. 
has cured ani is approaching ul ti.mate strength. Fully cured 
resin de"-elops caapressive strength of 14,000 psi ard tensile 
strength of S,000 psi or more. 

QA \'er if ication: ~~ r < • 

The testing equipaent includes a hydraulic ram "°ith a 60 ton 
capacity, a pressure gauge readable in 200 psi increments, and a 
dial indicator gauge for measuring deformation in increments of 
0.001 inch. Rock/resin anchor defor1D11tioa will be .measured by 
means of th6 dial indicator. 

QA Verification: ~6.,,~"""3...,,,,. 
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6.0 

6.1 

6.2 

6.3 

DESTIU:CIIVE TESII~G Of BESIN A;SOQS 
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Installation ot properly calibrated Gcotechnical instrument.cation 
may be used •-here required. 

All instrumE:nts and de•i.ces used for measuring or recording loads 
or· deformation during the test shall have been properly 
calibrated •ith tags affixed indic.sting calibration due date. 

QA Verification: ~~ 

PRIIJ.I~G .\.\1> A.'\OKl\/RESIX I~SIAllQIION I;\SlRljCIIONS 

Drill each test hole a.s p.ar Attacl'Dent 6 in accordance 11.-ith 
applicable sections as prE:Scribed in -;..-p 04-120 alXl pro...,"ided by 
faatory representative's instl1JCtions. 

6.1.l 

6.1.2 

6.1.3 

6.1.4 

Test hole locations shall ha"·e not less than four (4) 
feet spacin&s. 

The 1-3/8 inch diameter bits shall be gauged prior to 
drilling above Anhydrite "b". Gauging assw:es the 
annular tolerance neec:if=d for a mini.DUI bond length of 
three (3) feet. 

Holes shall be drilled to a dE:pth of 11 feet 6 inches 
"""ith l inch tolerance, for tesc purposes only. 

The perpendicular hole tolerance shall be 5 degrees as 
sho1..n on Attachment 6. 

Initially, only one set (of five) rock anchor installations shall 
be tested in any given twenty-four (24) hours. This may be 
chan&ed subject to i.mpro..,·ed installation performance gained by 
experience and signed by cognizant engineer or his designee. 

Resin aid threadbar will be installed in accordance llith the 
man.ifacturers' recoaaendations. A manufacturer's representative 
will be present during resin/anchor installation and destructive 
testi~. 

6.4 Insert required number of resin cartridges (3 min.iJaJm) through 
plastic or steel pipe and fed into the end of the hole. The resin 
is then foll°'"ed by the threadbar 11o·ith spin adapter. 

6.5 

Care 11L1St be taken to a~-oid rupturing the resin cartridges. 

Start rotation at about 50 i-pa or more and gradually insert the 
thrc.adbar bolt into the resin cartridge to rupture the cartridge. 

6.5.l .\dvance threadbar bolt at an approximate rate of 2 to 4 
inches per second or as recoamended by the factory 

':J(.._ 

representative. {J 't" cf 
~ .U..,(' T. A"~l t.. A.Gt...~ J:q_~cl ,..(.c£J'. A..,_e. ~.._ C!.~~:;-c.6' ~w~w 

. • - ,, ... • "" , "' ,, ~ "t':.w c! fl ~ A. _l ~ T • ll t! I~ ' f! !'-~ ~ ~ .. \ • ., c.. "" 
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6.S.3 

6.S.4 

PESIRJ;CIIVE U:SII$ Of RESIN O.°'OiCJtS 
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Hold - bolt in the hole and hold until the resin sets , 
approxi.Ja&tely for two (2) to four (4) mi.B.ltes. 

Threadbar should have approximately eighteen (18) 
inches of thread protruding from the hole in its final 
position. 

'Thorough mixing of the ruin ingredients is essential. 

There is to be a •aiting period of at lea.st t\oienty-four (24) 
hours betaeen resin/anchor activation and dest1-uctive testing. 

A •aiting period assures that the resin has cured ard is 
approaching its ultimate strength. :i-nen fully cured, the resin 
develops a compressive strength of 14,000 psi an:i tensile 
strength of S,000 psi or more. 

Ii' 7 1 ___.,/' ' ... 

PLU. TEST ISSJRliCTIONS 

7.l Preparation for tests 

7 .l.l 

7 .l.2 

All instnuDE:nts and devices used for measuring or 
recording loads or deformation during the testing shall 
have been properly calibrated with tags affixed 
indicating calibration due date. 

Prepare data sheets. Applicable inf 0111ation and test 
data shall be recorded on data sheets, AttachDent 7. 
See Section 8 for QA verification. 

7 .l.2.l Record at least the follO'-"ing: rock oolt 
B.lllber (i. e., PTlllll:ldyy-11); mine; rock type; 
hole location; orientation; hole length and 
diameter; oolt grade, length, and di.a.meter; 
installation date an:i t.iJDe; test date and 
ti.m; resin type, man.ifacturer, 1'1.lllber of 
resin cartridges; and, identify test 
equipment by serial number an:i indicate 
calibration due date. 

7 .1. 2. 2 ~teasure the hole length and record. 

7 .1. 2. 3 f.'hen testing is canplete, submit the data 
sheet to Mine Engineedng. 

7.1.2.4 f.ben testing is complete, submit f.1' Form 2014 
to :Oline £ngi.M-ering, Attachment 8. 
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... 7.2 PL1L TEST 

.. 7 .2.1 

... 

•• 

Hll 

7.2.2 

7.2.3 

•• 
7.2.4~ 

7.2.4 \it 

7.2.5 

7.2.6 

PESIR.t;CIIVE TESII~G OF RESI:i 0."10iCE$ 
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7 . l.1. 5 !·lark the final depth of the tlu:eadbar at 11 
feet 6 inches with l inch tolerance fr011 the 
anchor end arxi record. 

7.1.2.6 Estimate hole orientation and roughness 
(i.e., ~ert:ical and smooth) and record . 

Install a bearing plate against the rock foll<Ned by 
placin& the rw. over the thra.dbar followed by another 
bearing plate arxi load cell and b6aring plate, and 
finally torque the anchor nut . 

1he anchor nut shall be tightened to the man.&facturer' s 
recoamended torque ''alues (150 ft·lbs to 300 ft·lbs) . 

7.2.1.l Fasten safety chain or cable to all equipment 
•·eishing more than 10 lbs and anchor to 
adjacent rock bolt plates. 

Tile ram alignment should be near parallel to the axis 
of the tested bolt am 10ithin the limits all010ed by the 
insta.l lation. 

Make hose connections from the hydraulic pump to the 
ram • 

:-lake load cell and other instrumentation connect.ions to 
data logger. 

Apply 1,000 lb load on the ram to eli.minate apparatus 
slack.. 

AtUch a mgnet llOUllted dial 
with th9 point set in place 
reference point in the salt. 

indicator gauge on the ram 
on the bolt or to a fixed 
¥Just the dial indicator 
·•· gauge to zero. 

.;! ~ -: ,.· - : """'" 
.. . . .r···" 

Test l~.ftS ahal.l: C:an~iiUe to be applied starting toith 
1. QOO :!Iii . am tncra.sed by l, 000 lb increments up to 
40,QQC) lb.. -Loads are to be held for approximately one 
(1) ... ainlte before recording the load and defonlllition 
data. Record the test data, Attachment 7. 

From 40,000 lbs. the load shall be applied in 500 lb 
incre•nts. •bile a-pproachins failure, data readings 
may be ta.ken more of ten. 

Testing · the rasin/r~ . ~bOr to. failure is the 
acceptance criteria.· nw: te.~t is accepted a complete 
at failure. · · ' · 

' ...... ·-
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7.2.~.l for the purpose of destructive testing, 
failure is defined as an increasing or 
continuous deformation •ir:h no increase of 
the applied load. 

Terminate testing. 

Remove equi.pnent and pull bolt from hole, if possible 

Continue testing of the next installation. 

8. 0 IESI DATA. JI J rsIR+;IIQ.'9 0.\1) REJ!Clm 

8.l 

8.2 

8.3 

8.4 

8.5 

The dat& sheet fom (Att&duent 7) shall be filled out for each 
tut bolt installation. The dau she&e shall be keyed to match 
the rock anchor pull tfrSt i'Ullber (P'Umddyy-1;). 

QA Verification: .,.,.,4t:: &oft <""' 

Each test shall be identified by rock 6llChor number and plotted 
on an appropriate sc:ale. Each dau point shall be plotted 1"'ith 
the horizontal (x) uis. sOO...i.~ displac:emnt i..tdle the vertical 
(y) axis indicates lo.id. 

PhotograPhs of a typical rock enchor installation sha.il be 
referenced to the rock anchor test B.llllber. 

A report shall be prepared by Mine Engineering suaauizing the 
test results and certifying the installation procedures and 
resin/rock anchors . that havtt been tested and approved for 
installation at the 'i.~PP. 

The result.s will be UMd u basic inp.it data in the design of the 
supplemental support system proposed for Roal l, Panel l • 

.. . 

~er 
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D. Galbraich, Senior Engineer 
:·line Engineering 
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J. A. Gonulez. Cogniz.ant 
:iine Engineering 

S • C Se: thi . :·la.nage r 
:·line E.ngincering 
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SEC -c~ 7 - PREVENTIVE HEASURF 

SPECIAL PROTECTION INFORMATION: 
RESPIRATORY: Use MSHA (NIOSH) approved respirator 1£ application 
produces vapors~ mists, or fumes above the.TLV. 
VENTILATION: Adequate to prev~nt vapor build-up above the TLV. 
PROTECTIVE GLOVES: Chemical resistant polyethylene or equivalent. 
EYE PROTECTION: Safety glasses or goqqles as required to prevent eye 
contamination. 
OTHER: Use protective clothing to minimize -contact vith skin. Wash 
contaminated clothing before reuse. 

SPILL OR LEAK PROCEDURES: 
SPILL: Ventilate area. Remove all sources of ignition. Absorb vith inert 
material and collect. 
WASTE DISPOSAL METHOD: Dispose of in accordance vith Federal, State, and 
local regulations. 
STORAGE: For maximum shelf-life avoid storage in direct sunlight, 
elevated temperatures or near sources of heat such as steam pipes and 
radiators. Store in a cool, dry vell-ventilated area. · 
OTHER: Since the product ls a sealed cartridge, .handling hazards are 
minimal unless product is damaged or ·misused. 
SHIPPING INFORMATION: Not Applicable 
------------------------------------------------------------------------

SECTION 8 - FIRST AID MEASURES 

EYES - Flush vith vater for at least 15 min. Consult a physician~ 
SKIN - Wash thoroughly vith soap and water. 
INGESTION - Consult a physician immediately.· 
INHALATION - Remove to fresh air if effects occur. Call a physician· if 
effects persist. 

SECTION 9 - PREPARATION DATE OF MSOS 

Revision date: 12/11/89 
Previous revision date: 
For further information 
Phone number: (502) 863 

01/01/89 
contact: 
- 6800 

Leo Hickam - ------------------------------------------------------------------------

HI 

... 

, .. 

SUPPLEMENT: 

HAZARDOUS INGREDIENTS Continued ... 

The following chemicals are subject to the reporting requirements of 
Section 313 of Title Itt of the Superfund Amendments and Reauthorizatlcn 
Act of 1986 (SARA) and 40 CFR P~rt 372. 

Chemical ~ 

Benzoyl Peroxide 
Styrene 

t.OKSET POLYESTER RESIN CARTRIDGE 

94-36-0 
100-42-5 

PACE 3 of 4 

Maximum 
l Q.:t We i ah t. 

1. 5\ 
10.0\ 



DI! &.Ci~~~ C:,..Gr-~ CL.tt.:fL 
GEO~ETOWN, KY : 150 CA.ALEY Cf. 40324 

502/863·6800 
Pr:llNCETON. WV t:109e•s St & Ca;:>el"lon Ave C:•:'.C JO: . .:c:s.:-~: 

GRANO JUNCTION. CO "'° W1ntirs Ave 11~1 303-2•5-4007 

INSTALLATION INSTRUCTIONS FOR CEL TITE RESIN CARTRIDGES 

Mtu1.1•t 1"0 "'•" drrl! s:eet 1 • IOf\g., '"'•" oott 1..-gtl\. Note T'le bore 
l'lo•• snouic: :it sl\Ot'lenec ac:co•'!l•"9') •"·•" l'ltac:e-s or tl'llCll p11:n .,. 
"s.a. 

r4'fif 2 fn\e~ "•'::.i··eC: _,w,..,:»•., 01 Ca'""·c.;•s •"'~; iCfo ~.:r ·~'0 tP,• :aH ~f :P"le 
"C·t o•~·•"C: :l'le •es.n 

) .,...,,.., '"' "'''a o~ '"' bolt p11cta lirmty '" '"'' c~ .. c• o: '"' ~1:1• or ,,. 1 
SP•l'\·•I'. ,.,,,.,cl'I ::iusn rnt :>oil .n10 ll'lt "0't Sio"" ro•a!•on •S reccmmend· 

•• K !)i;t II()! r10 .. 1rt<S to• l'!ltQi.111 t'!l.11"9 

• W"ltn t"'• t>oll reacl'lts !US: oe1.:-w tl'lt ~co!. "°" u;:..1•:: mev1m1n1 ind '°'" ll'lt ::iett rip.Qt., tor ""' to 1tn steO'ICI tS.. ~• tor stoper.) 

·.t<illl 5 5100 '"'Ilion 11\C Pull'I m. eiall 1.::iww wrv tfll 1\111 :nr :.1s: ••or.-: rne "'acflllle 
ind "'Old 1.1n11: rne res;n se11. 

,., 5 II t"lt :>oll ttl'\CS to dro= out of t:'le ~ot• •'I•• !'It c:l'IUCk O' 1.:ao11r •S ·•~ 
ec simply ;:1 .. sri 11 ::o1:• 1;0 '"'o tl'lt .,o•• anc: "OIO unu: :n• ••••" ·lltl. 

iolllf 7 NE'JEr:I r••Ollll 11'11 OOl'I after !I'll 11~1! S;>on H di"'iill !O !'le ;>arT11lly· 
se: res•" "'I y occur. 

~ ;;: 1:•1•"• """••·""""n-: ~.,o,~e.,c1 s•·•c~1on o~ ~01!: .-.,.~, :a~·.::• 
:i::f i.,O ·t o1:to ~c;t ~ ..... ,, .•. ••• "'" .m:;>o~o1~1 Ctr:.;t' ·;,c•· :i 
•to·tst~:ar .. 1s •'•'"'"•=>••le· 1ss1s: ·" '"" s••teTIOfl 01 :"t c:ir•teT corn. 
1)11'\if•O" Of COl"IPOl'ltnls OHIO 0" S;lle•l•c IPPhCihons 

10. No:e tor 11ooer Con!iC: c.11i:1• 1tcl'\n1c11 reprnentaT•vt 

t 1 For policatiOfll °'"" 1111n fully g•outea t>olts. C.:1111• ttc""'•c•• 
•tP'!Sl"lil•ves will '""'"Cl mine personnet '" correc: •ns:ailal•On 
;>•:iceo ... re. 

12 Car:·•:lgfl s~o .. :~ ::it ':o•t:l 1" a eoo1 •·•ll·vt.,r:1o1:1: •"C: e-; a·u a"'J' 
l•om dirtct sunh9n1. '"'•;• 1e..,;:,1ra1.,r1 co,.a1t>0ns Cl:'! reoi;ce sr.111 .,,, 
of canrooges Slocll ro1o11.on 11 rt.:oml!\enctc1 so tr.ii o•eitS: stoc• is 
1;sea hrst. 

CAUTION: Oo llOI ooer or 01.1:ictw•e :1r:••o911. Con:r!s ot cal"lr•d·;n may cai;st mile irrotil•on o1no snoi;ld ::it hOtdte Eye p<otect•on sl'lould a• .. ays oe usee 
... ner. 001t1ng tf '"'" :on:KIS :ne 1111 Plusn 1mmea1a1tty w•tl'I •iler lor at 11u1 15 m1n111n c.r1 • ;il'lytoeaan. . 

·•
3
• we bet-• 1riar t"9 1nfom1atoon con!a.nec: "•'''" fw!'loel'l suoersedn Ill pr9YIO\ls inform11ion on tl\il 1ut111C1I is true o1na r11;a111e We cannot be l'ltld rts;:>onllble 

lor l"Y ·oss. •n!ur, or aamage •Hi;1t1ng l•Ol'!I .ts :.1st. u. of r0ecns11y. 11'1• 1nform11oon giv1t111of1 general nar:1r1. so 11111 users o1r1 ac.,,,sec ro corisult i;s 1t10ur 
, _f 1il ?r"\etr s:-•cih: :»iroo .. ~s 
' · c.11.:e• ••·'a".!S :"1111rs o•oc .. ets it :lie 1.rnt o! sr..;iment cont0tm 10 tnt 1001tcat>lt e1scr1p11ons llere•r. l'IC: a~t "ff''°"' oefecrs 1r. ~a:er.ais •".: "0'''"'"· 

s~ c .. ~ O'!' .. Ei=i ... "'~-=•~TY W,..E"."1-tE=- :xPRESS 1MPt..1EO OR STATUTORY. ·~CLUOl:'-<G ...... y WAr:llll•NT CF '4E;:,Cl"' .. NTA81LIT'f Of:i Fi".'"-ESS FOR 
·~·- ;:."'.::•r.:u:..;.~ p._.;:,:.osE si-•t..L. Ex1S':' '"" CON .... EC':'IOl'c Wlii"! Tl-IE SA~E OR USE OF ANY CELTITE' PRODUCT. ANO •LL SUCM w;.;::;;: .. .., T1ES Ao:IE 

··e::.e:, Ex?;:ifss:. y E.XCLUOEO 
•N ~Ci EvE~T SriALl. CEL. Tl':'E' SE l.IASLE FOR INJURY TO PERSON OR PROPEr:ITY. LOSS OF BUSINESS OR PROFIT ON •NY OTMEi< :l1o:IECT 

'""•01FIEC'T. INCIDENTAL SPECl•L Of:i CC~SEOUE"9Tl•L OM.A•GES. . 

, ... 
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The Lokset' Polyester 
Resin Cartridge Anchor System· 1 

This system '.s simplicity of 
applic:ation enables bolts 
of ,·arious lengths to be 
anchored and grouted in 
one easr operation, "·ith 
no need for inje.: tion 
equipment. 

The C eltite T e.:hnik s~·stem con· 
~im of an ea~ily handled '\:artr1Jee." 
.:ontaining a highly reinforced potv. 
ester resin .::omr<>nent. tt'gether with 
its catalyst. in a••uratelv mea>ureJ 
~uantities. The .:omponenu are iso
lated fn'lm e;1.:h other b\· a rnni.-al
.:hemioal bJrrier whi.:h rrennt.c 
rl"a.:tion ~t\,een the .:ompcinenu 
until required. The cartridges are 
sausage·~haped and Je~iened for 
rapid insertion int(I a ran~ of rott 
hole si:es. where thq· may be reaJily 
rushed h:> the extremit\' at any angle 
arove or ~I~· the h1.,ri:lin. There· 
fore. opumum rolt an.:horage in a 
wiJe ran~ of ro.:k or .:cin..:rete 
strengths is ea~ilv a.::hif'·ed ~imply bv 
adjusting the length \lf the resin an· 
chor :one. 

~o rea.:ticin rake5 place until the 
roof or rN:krolt is rotated throuth 
the cartriJge. mi.'ltins the compon· 
ents and initiating the curins a.::tion. 
The chemical natuR (thi.'\otropy) of 
the Loduet • cartrid&e allows w 
contents to be easily mixN yet 
minimi:es resin displacement after 
mi.xing is .::omrlete. 

The mixed min totally fills w 
area (annulus) around dw bolt. 
which for standard •point" anchor· 
ages ~ill be firmly bonded to w sub
strate and bolt "ithin minutes. 

The ~ttin1 time o( the resin 
components can.he controUed .. ~ 
.:oml-ination of fast and sl~··~tting 
.:anriJgc5 make~ po~5il-le the !oimul· 
taneous operation ot an.:horing. 
grouting anJ ten~ioning a rod<l·'Olt. 
The ~implkiry of thi1 methoo of 
;in.::h\lrtng i!'OUting eliminates the 
need for .:umi:'Crsome tnjt\:tion 
equipment. 

APPLICATIONS 

• Rock boltin1 in mines and 
runnels. 

• Permanent rock reinforcement 
on hichwa~· rock cuts, dams 
and underart>und rock struc· 
rures (po"·er·houses and ma· 
chine~· 1alleries). 

• ln1eiraJ ties ~tween ttin(orc:ed 
concrete and rock faces abc.we 
or below water. 

• \'ibrarion reNstanr anchoraaes 
for an.achm~nt of "critical" 
equirment to concrete or rock. 

• Anchora1e for electrical tran"' 
mission towe~. 

• t:pUft anchora1es for near sur· 
(ace structures. 

• Immediate posMensionin1 o( 
steel reinforcements ia rock or 
concrete structures. 

., 

ATTACHMENT 3 

ADVANTAGES 

Accuracy. A.II An.:horage• .:an n1.'"' 
~ a.:.:urattl-.· Je•rgncJ '4tth Celrne 
T e.:hn1l re;in, ha"n!I rc:rroJu.: rrle 
•tren•"th .:h11r3.:urimcs. 

S~ed. The fa~t·gelling Lok-et• rt· 
sins enable rapiJ inH111larion to he 
carried out. a ;;ignifi.:ant advantage 
in the aru of runnel bolting anJ rock 
~lope ~tabili:ation. Arrlication oi 
loaJ can be complrred 1o1.1thin mt· 
nu res . 

Permanence. The re;in~ pr\lte.:r the 
eml:'CJded bolt frl,m corrosion Jue 
to acid-t.eann~ water. sea or arciunJ 
water. Atmo~phere is precluded from A 
the l-orr hole. rmenting further Je. W 
rericirac1on of lhe Hrata. 

Sa(e~., ~{ill ions ot l...ok:"er • re•in 
anchor~ are u~J ~rry vear for .:nt· 
ical Joi:-~ ~u.:h as roof -uri:"-"\rt or 
~rmanenr- ro.:k reinfor.-emc-nt rn 
mines, tunnel~ anJ foundations. 

Vihration. C cltite T C'.:hnil an.:hN' 
ire not affe.:rt'J h \·ibrarion anJ re· 
quire nti rrten•1oning t\ en atter .:lo~ 
pro~imir)· l-la~ung. 

Sb'Hs·frtt. ~o internal ;tre•~e~ are 
wt ur in the rock ur .:on.::rete b~· re;in 
anchors. 

TECHNICAL SERVICE 

C eltitt T ei:hniL: i~ a~·ailable to Ji~uss 
"'ith yciu both in>tallation te.:hni-tues 
anJ the ~leaicin of proper Lok~et • 
..:artriJges for vour rro1ect. Our t1elJ e 
repreioent.niveio art reaJy to rl'\·i~w . 
yciur arrli.:ations anJ help you to 
Jl'\·elop >uc..:es>ful. e.:..,nomi.:al 
.u"°-horing ')'Stem,. 
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l:\'TRODL'CTION 

lmtall.Jtion. of Celtite. 
Technilc polre~ter resin car• 
tn'dges in rock and concrete 
ha,·e ran~ed from application 
of shon J. '-l·in.:h rebar '"st.arter 
bars" into concrete ro I JIB" 
diameter bolts for rcxk ttin• 
frm:ement. mea~urin11 55' in 
len11th, M·eighing o\·er JOO 
pounds and fuHr embedded in 
re~in! 

A:'llCHORAGE STRE~GTHS 

To achi~·e maximum ilnch.orage 
~tren!Cf.h bc~ttn bolt anJ con.:rete 
or rock, the Jiff erence in diameter 
be~·een hole anJ bolt ;hould be kept 
to a minimum. This also imures 
bener mixin1 of both .:atalvst and 
re~in. 

StJnJad Rel-ar or Threa~3r-bolt~ 
(.:onforming to ASl\t A·6l; 
>pe.:ifi.:ations) are used without 
further refinement. ~formations 
on the ~ar serve to eff"7ti\·ely mix 
the .:artriJ1e .:omponenu Jurin& the 
"~pin·in" or in~nion ~-yde. (SEE 
BOLT SELECTIO!'i OS PAGE 6). 

Spin aihpton att available from 
s~:eral manufacruren. Con~u/r 
CELT/TE• TECJ-C\1K I°' source 
infom1~rion. 

l'!'iDERWATER A."ICHOR.\GES 

Lok..~r• cartridees can be arplied 
in unde~·ater anchorage arpli· 
cations O\·er 24 inches in length, 1n 
roth concrete and rock. Com•u/r 
CEL TITE• TECfC.11K for rour 
~pecific 1°" ~uinmenrs. 
.-\PPLICA 110:"11 EQUP~fE!'iT 

The hole·Jrillin& e~uipment men· 
rioned in this brcxhure i~ eenerally 
suirat-le for srinnine in l:"Olu. This 
equipment should~ rotaf)· percus· 
sin anJ ha\'e pl'O\·ision for inJeren· 
dent rotation to maintain 100 rpm 
under load. Under no circum~tances 
shoulJ tht bolt be simply pushed 
throueh the resin .:.rtriJees as im· 
proper mixinc can result, prO\·iding 
for po<>si~le anchora~ failure. 

RESIN ANCHORAGE CHARTS 

7'0 . 
j IO 

1 
.c 9C 
; 
.!I ~ .. 
l JO 

i 
~ ao 
< 

Tyi;-ical an.:ho1'3ge loaJinp• in rock for point anchored rock.bola u~J in accorihnce v.ith the manufac· 
rurer's recommenJarions. lntenJed a' a i'JiJe for site aials, v.·hich v.ill ~ablish the workin1 spedfkations 
in the a.:rual grounJ conditions. •shoM·n in Kips ( lllOO lbs. = I Kip). 

---------------,.---__, A"lo ;50 PSI 
5M."" •' 

L-~---~----+----4...._,.--:;....--1 Mud•-
Silo-

i--t----1~:;~~;p ..... c;.--t---1 -"''1· 2~"1() PSI 
I,. M..""'m1 
Anrt1p 

~-111111:~-.... -----1 coal meaaurw 
Sand•-

1-_.,-=;;;...~1.----+-----+---~ WcalL compacted 
shalft 

aa • .. • 
R""·I. >inn1rl1t •~in uni&•W .:.unprn...,.. ..,,,,,, lnforma. 
tk>n /!taw o111 mah .·c>nJu.:rrd ". lm,..rial Co •. u-loll 
119itll, J. ·"· Franl..lin. s.s.c .• . W.Sc •• l'ta.D, 0.1.c. 

IO 

j 
~ • l--+----~-+---+---1 
I 
·! • 1--...... --1---.+---1----I • 2 . 
't • 1--...... --1---.+---1-..,.._ 
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·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: 

Room/Ori ft: 

Purpose of Hole: 

Location: 

Depth at Completion: 

. Ohmeter: 

Approximate Collar Coordinates 

Vertical Angle: 

Direction/Azimuth: 

Remarks: 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 
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LEFT HAND THREAD 
·-
..... 

• 
<:~• 

PHYSICAL PROPERTIES 
*• 

EFFECTIVE AREA: 0. 79 SO. IN. 
&Ill UL T!MATE STRENGTH: 90 KSI · 

UL TIMA iE LOAO: 71. 1 KIPS 
•• 

YIELD LOAD: 47.4 KIPS 
··~011!t 

'fill' WEIGHT: 2.67 LBS./FT. 
MAX . BAR f/J INCL .. RIBS: 1. 12 IN. 

,~. AVERAGE CORE f/J: 0. 95 IN. 
PITCH: 0.492 IN . . .., 

ATTACMMENT 4 
.... OYW!OAG PO.!T • TENSIONM sYSTEMS 

'hill 

\CA '!!RIAL: 3ICll&i 

~~~==~~~==~~;;,?-:~~ AS'N Al15. GR SO m .__1-:t:=:t=:=4r--~ Tl: Cll·3• :.u. ...... #l.IOll ~· •• 

~- .......... ,...Nol n'lllN'•, .-:-...... ..... ~ "'· ... ... " !'II . - . -- . . - . ·• - . . . 



-'"'\o\tOAG SYSTEMS INTEANATIONAL U.S.A .. INC 

... 

<!'illl 

..... 

..... 

·•• 

•• 

.... 

•• 
..... 
•• 

hr Size/Grade 
\STM 

~uaranteed 
.er ASTM 

g • actual 
. er mi 11 cert • 

, ... 

hlj/24/91 

..•. 

TABLE: COMPARISON OF BAR MECHANICAL PROPERTIES 

17/6R 60 
A 615. 

17/GR 75 
F 432 

#8/GR 60 
A615 

Yield Tensile Elon;. Yield Tensile Elong. ~feld Ter.sfle Elong. 
(kips) (kips) CS> Ck1ps) {kips) Cl> Cldps>Ck1ps> CS> 

36 54 8 45 60 8 47. 4 71.1 8 

42 55 lZ 47 72 9 SS 83 1 3 

ATTACHMENT 4.1 · 
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NORTH STAR STEEL MINNESOTA - ·. ,,o ..... ,. . '' ft, 111t----~----------
!Oil 

t171Ald~~ 
111m Jtu. YMNotl .,,., 

'4U•SS 
ltMt-----------------CEATIFllD TEST AEPOAT S/J/tO 
Dl\I ~ ---------

'9.0. 

~0.1---------------
I .. 

••• .043 .03S .22 .017 .lJ .11 .oJa .01t 

_ I ;, l 
... ! ;ti I 

A r ~-iTA ... i:W¥c-:"rA J ~·· ;n I _;·· J 
.. I • J 

... 
,, .. : ... ! ;,. Jll .. .. I ... I .. I .. 

.71 s•.t , .. , .... u •• • •• 
·•lllf ,,, , ... . .. , ., .. lOS~I 1.0 HOt 

,... ....,. I.Lah: 8-Hlutloft: ------------- 'rrnfllt---------------

•ut I ""'',, llAI. lift,_, ... 

! v 

~- ... w.-... ........... .,....., ... _.. ............ , .... 
W.M 0 wu ............. - .... ~--M-
W• ... M ·-••••• ... ..-..lll .. -fl .. ,,,. ..... ..................... _ _.. ....... .._. ................ ...- .................. ....,,.. ...... .. ....,_ .... .... ... ._., .................... .., ... ... . 

J''~ 

" ...,. 

~· ... · •··. 

.. &..L• •• , •1ttf!Mtlft . ..... .., 

~ANO IUllC"lllD TO 11~1 .. 

TM• DA•~------------,. 
In COMMrlllOH IXMll -----
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THREAOFORM 
SEE NOTES t&Z 

_J 

J 
' 
\ I 

NOMINAL 

r--.;;;;;;/--

I tf:M!~ SIZE .. lCnm fl~ 
Plle..\W~ 

f9 f 10 ,, , 
?AA7 t04ER 906We&IO BlOU29610 807U2e&IO 1 IOtlulaa10 a1ouzse10 • , 1\12&& \0 

1L UN. /rrtnl 1.3751,..9 l.6Z5/41. l l.&Z5141.3 1. ~/"4, 5 Z. IZ51~.0 t l50151.Z Z.625/fi&.'T 
·~! (IN. /rrtn) I 

l£X z llN.lnm) 1.Z'°/lt.I 1.l7Sll~. 9 1.3751>4. 9 1.'°°/31, 1 l.eM/Cl,. 1.1131.a.o ! Z.063/~.' 
R (IN . lrrm) O.M51ZZ.O 1.000IZ5. 4 t.000125. 4 1.tZCl29.4 l.ZS0/31. I 1.419/31,0 l.'30138. t 
0 ilN.lnmJ 1.0&31Z7.0 I 1. 1W30.Z t .188/30.Z 1.313/33, 4 1.431131.5 1.541/4 '·., 1.SZl/4&,3 

' OEG. t4 f 4 14 14 . 14 14 14 
~~: 834!/ 749 785 744 745 1.a 747 724 

MiPG 'I MIN. llN./rrmJ 0. 730118,5 . 78U11. t 0.8Se/Z1, 7 0.974/Z4, 7 1.096/ll.8 1.Zll/31. 4 1.'°6/JS, T 
I w.u.11N.1nmJ 0.74Z/18,8 .714/Z0.2 O.ee&IZZ.O O.SMIZ5.0 I. 1C8/ZI, 1 1.Z5Z/31. I t.4Z0/38, I 

WEitM lSS o.n 0.54 0.$ 0.7Z 0.89 1.zo t.n 
-. 

& ~ l Fat ftt. NC>-.~S fat H~f 10 lf1J O'NUD. 

~TEft!AL.: TQ.!RN«:ES: 
AUSiBfF..RS) ClCTU IOI Fat 1€X UEXZ. R. O: 
OR CAST STEB. .0/..0.040" 
MIN YIS.0: tOQ K!1 

IZO ICSI MIN. TENS: FQR L: .0. 125/~,. 
MIN. a. IN z·: n 

Fat ~:u• 

NOTH: 
1. n«EADFORM AS ftefE> WITH !XCE1Tl()t rl .. tat 
~ Mtot fl YMOt IS ftCIFIEO ff TW. 

Z AT IOTH Bm rl NJ1 ntlAIJ=aM IS MODlf1ED . 
ova WT 1/Z t\IN .U FCUOWS: MIOt f 
O'eG ?I TO MA.at f Al COGTANT P.ADIUS. 

A'nACMMENT 5 
Mll!CM: '°"""' ·-. Dolfi ..... 11',l..C iua OYW!OAG POST .. TEHSfoN'Hi SYST81S -'Cll ..a M.T I IM.- r.t.. ~5&10 

I ' Ol-41'4a u. ..,, -) .. 111a ..... 
' 01•2'-tl 

·~· 
1~ ..... . ~T£RjM,: 

2! .'BOVE -.. ~~ 7.A~: ; ~w::x; ~·I·· - ---.... -..... --, • Pal " --· . -
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1 3/8"e HOLE 

EFOXY RESIN 

DEFORMATION 

1 /-r' exa PL.A TE 

HYDRAULIC RAM 

6X6 PLATE 
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ROOFBOLT DETAIL 

VERTICAL ALIGNMENT· (TOL. 5•) 
ATTACHMENT 6 

CABLE 



-
·• 

·~' .. 
... 

ii;""~ ) . ··~ .... . , ""• '.\..;..;;.. .... ~ .. ~ ·:.:~ : . 
.. ~·~····· ,,. .. ·- ! .. :..-....... 

.. . ~ . . ~, ... --~ " .. ... ,"!':{ ~ 

; lL ... .. ..... ~~ 
. 

! 

-'-•. 

~· 

! 
. 

·~ . 
so; 

·.~·~ 

• 

·11·-· 
,. .. 

,a 

~ . • . 
~i 
'I[ 

-_. 

... 

•• ,, f ._ 

. . 
·• ~· 

\<ii ... l: -· " 

. .. ,, ... 1 • 

. if '$.,~ ' 

~ 

""' 1- - t' ... ' • 

, .. ; ·.n:u.i<tUIR,; .. 
, ........ t# 

.;i, li ..... -.1.it. ~"' • c, .. - .. ~ 

yl<·• ···+.~ .-:~. ~ ':• 



, ... 

.... 

.... 

. 
i ,. 

., 

j 
j 
~ ... 
. "! ..... 
~ 

WllTINGHOUSI WAITl llOl.ATION OIVtltON 

r~~- ~ 4-...j~itoJli L.Qf'! ~ 10· .z.' .,.~.~ 1 .... 3 
iw.l!r - . "::.:::~ "';;:ra ry . • •• , ...... . 

It .J ._ 'OA .. c: !loO i ''"I -.o i"' 1"1,,11 
I , I 

! C.;e.K-W '-.tlt'1g .. ~ (', • ..,..,..',.) 

I w•u.,sce ~o•t> 

I' -r~ ~c.G ... T elF .,,.. Rec.it. .$(,1tot.,.C'b 8'-(" al 
I 14 k i •~rl•!'ld> 11!!1\' .,.,.c, l"o1.1.0w1w~ .,Caw..-ncN · 

w:.ev 
~·: 

I c""-.\.._, ~~ ~ 
SC..\~ ~ ........ .., c.I......, ••. 

W•W9~ oF~ ~L'C..\~a 
I . ~J.S '"T'\( T:F «at ,.c. 

\;f :. VO l.wMC" t# a OC.C, 

~."':; c;.:_ ~ ~~-:: W • (I 55JJ./l'1~)(1'¥0 .c.s') 
~' '-~· J4cc-y 

lu $C.M l.MC!t~ 

._,-~• Y.All '~"""" \.Olll~ ~.-. "' 1!!il:)._.,- 1.-.a ~ ~ 
a 1 c10' \.A~s<T' wu.i. N ~· tt..C\ ~tp. 

"' I -~ 
~....:a.;.__. ,f ~.-.y-----J .... ~v---·-~-----~-!f~_~-~--~'~ .. ~a•..-----...,a~a~+~1ler.~~-~a~a~•-------1~.~'mT~-~.~-~~•r.·~----
:_~~·· ,._.. · _DaTC • - . :1'·. ·- _ 

,.,,.,,..,..ow•• •0111111 •••• 



t.1.• 
·- ~--

i'iilM' 

l.I 

J.J.l 

,_ 

, ... 

•• 

q'o/lt 

J.1.1 
hu• 

~ ._ 

... , 

fu II'\ '"t>e:.c,,6..r !M-,.s; .. - u~~~rc.c~b .)IC"" l. "I" i:::,N ~ " Bit<.. .,n; l.. 
~CG. ~· .!5\ • \fJ • 0 \ 

11e1v.a1lt1 1ft111 t•r•i' ••rtr 11111,11l•• ••• ''''' 
•••• -... , •• 1.11;1 , •••••••••• , •••• ""' '' .... ,.,, ..... ,,.,. ... ,. , ....... , ... , ,, ,,. 
11,,,,1•1,,, •c•••· Ta• •••lt• 1a1\1 ,,,.,, •••••• 
llt 11• •&lll•ll&ta tie •• ,, ••• ,. ta• AIMflltl .. ,., ... ,., ., .... 
CJnf l1111slop eat Ja111tl•I r11svr•• 

O•••r•l Lo11tloa ua••ltt•••• 
A11 ••t''' •••••• 1aDA ••· t •clll a•l• 1vrt••• 
t1ev11 •• 11 ••1••· Tai• l• aeot re •'•v• •••n ••• 
ltYtl. 
Tat .,.,., •• , •• 11••• ,, ., •••••• ,·110 ,, ,.,.,, ,,., tr•••• 1•rt1et. tat 11••1 •••l •I ''' •••ava,l1n1 •••ll •••••• ,,,., ••• " ,, •••• ,, •• ,,., .,,, •• ,. 
All eltlYICltll lftlll '' fllllltl '' 1a1 tllt,llt 
••••111 ,11111 vlc•l• 111ew1•11 1•1•••••••· ft s•• 
tlllAC 'lll&llllt I aarlll att la Cit t•llYllltl Ii~ 
Vlll •1 t1tl1•• al cat llftr1 .. e fllll llt8 Wilie• &ae 
t1e1v11lt• 1b1ll •• ••••l••••· la •••l•l••• ael•• 
1b1ll •• trlll•• I•&• c•• ll••r ••• rttr •f ''' •••••• ,, •• ftl •• ,,,., •• ,, •• ,, , •• ,,,.,, ••• , 
.. , •• , •••• lJt ••• , •• •l•t .......... , •• , •• ,. 
C1rlat ti ta11e lelta 11111 •tla ••I••• cae 
•••tlav••• alfttt •••••••• ••c• 1~11 Ill rett f rta lbt 
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!lt~:"'sonh.:h.:r '-~ ~-.~~r:l~::! t~ : J : : '~'~ . ,; ~ j ~r· \r,·:~~r.c~~ 
.1~1.J ~:ri1111111r.' .\ l-') 7"11: :,:,•::"'"; :~1~i:r ~.,.t ~:1.ltl :.: 
l .:ns 1n/in . .JI ~:1;c :c1191l1 10 ~~•I :·or Cr:\(..: Jt) .111ct ~1.1ctr 
r;,J J:'ld ~hall ,;c 11.COlS 111.1in. ni iJ~C '.c::i;th ·() 3~ ':O) ii.Jr 
Gr;1~c: • s '.~!ii::1 :n;11e:ri:tl is t"ur:llsl1c:d 1n .:.111,. :!:i: :c::u 
~;in1n1i: :nu\l ~c ur:1119!\tC:'lc:d ;r:nr :6 ;11:\rm~ •l 111 :hr.>''\',,,' 
t!:I! '..::'ls1li: :nac!\tnC lsi:c :-.iotc 5). 

i. l ~·:1c ;:;::.;::n:.1~c oi c!cn;J:: ,11:111 '.:•: ·'' i~r··~.:d-:1·ct .n 
T.dc 2. 

"''"' i- S1r.m:~11.:run~ .r.,;.u!J ·ti: ::tn..: ::'IP~~·uah :.~ J,'••1111 '.h.: ;,,,,.,,,,. 
:1cr\ .~a" ...:c.•• ,11.1ra ':..:"''' ,,,J :\J -.•1n11"·1i: ·-.:~.1 '-O'"· '.~,urr~:l!rH 
ur:u'!hh:n•n'! :!r·~r ~., 1t:.,cu1~c •he :'L(1U~•r.-..:,:r .:.u1 r..,;:":.,:'.t .n ·,1,vcr• 
::111n· 1~111.11 ,.~111 urc:'llJlh ~.1'1111.~s. 

'>. Ui:n\Jini: ll.:11uircnu1nt~ 
» l T:1i: '.::::'lct·ti:st ~cc:::mc:n ~~;,:I '.\1tl:sr.1r.1t tc:ng ~c::H 

• 1· • :::-.l1 ;i ;-:rn .vu!\cut ;:::ick1:1g -~n :'.:c llU'."1~e JI :tu: ~·.:::t 
;:.:. "1Cl1. T':c: ~.::lun·.;l'\tl!ill\ :"11:- .~..::;;.:: :i'~.::1J1n11 J:1d Sltl!S Ji 
ill:lli .1r.: ;;r.:~c:tl:..:::1 1:'\ 71tlc l. 

1 2 7'.:.; ':.:l'\11 :.:~l ;h:\11 ;:.; m;11~i: ..:n ;ei:.::l'\tc::s ci s1;:1ii::c:r:1 
'c:'\gt!1 :n <::'l,,ur.: :·r..:.: :.:::1.!1111 .\net .v1tl1 .1i;r.u.m1s .1r1ar;1 
;:rOY!rl..:.'l: 

> 2.1 C1mr111uous .imt •J111:"1Jrn J;;c:!1c:.1:ion •>I :"11r.:: 
:t11·1J11g!10111 :Ile ~m:\ucn .~i :::c !:.:nl.!in:; llt:i:r;mnn. 

-1 2. 2 l,; r1rcs1r:c:.:;1 :ncvcm.:nt ..:i :he sr..::inu:n .1t i:cmts •>i 
:.Jnt:ict ·.1rr:h :!t1: :i;:i:.ir:\tus .11'\d ':cnrlini: .t11:>•1n1t ., rma ti,.~ ~,, 
~Jr:ite. 

> Z.j C!cs~ wr .rnc1n; ~t· the s~c::mcn :nound the '"" 
-!ui t~$ :!tc ~:c11c.!ir.; :c:~:3linn. 

) .3 ('):~e!" .1c:::::!.:\l:lc m1Jr: :·•er:: ml":hcct.• oi l:c::1rl 
:.:st::1j. me.~ lS ;:i:\1'::;1~ .a 'f'l!C: ... :\ :tcrcss two e>•ns free tn 
ror:t:..: lr::i .1:1:1·1:111 :!:c '::::i~in1 f'on::c: ""'''h '' lixc:t ;:m, m:\y 
':: as~c!. 1.Vhc:11 r.11lur-.:s :c.c~ir 11"4.~cr rnon: ~,.,.rr. n1..:tl~c~~. 
~..::.;:1ts shall ':c ;:.:r:tuttcd 11ndr:r the l;l'!nd t~t inr:hcd 
;;r~;il:cd 1n ').l. 

[I). r1:rn1is."iblc \l"ui:atio1ttn Wef:Ju 
:1). l T!ic ;:c::nnuibtc •ll\riilllll•\ ~.!II !'hll e:oc.::l"d :i ~:, ~1m!i:1 

~01nm:tl '~:;:11 • .:xc.:~l. ~r l::w; \~~;11:.:r :han >1
, 1n. ;:1:11:1 

~cumt. :i~e :;::-:tt1ss1\:tc ·1iri:\ttnn at-·~c:;~t ~1:1:1 '.::: c:mi::.:1"<1 
>.1;:cn t!1c :;1s1s c:1· :::i:.. ;.:e~::ui~'ii: v~:-::tllCft 1:t .~i:tn\ct1:r m 
Si:c::d".c:u1on .~ S :ll. lli;::nt"cr.::111 !::in :trc :01:\ht:trc~I "" ::~e 
l:;ms oi ncrmr.:il '~c1;h:s. In no ca.'° ,r1.,11 the ovr.1..wr.1cht .Jf 
.tn;- l:lr '::e ~:1c :J:.i~i: ror r.:1cc::oft. 

'•).2 7':·.: .>;::::t~c: '.intil .~f •1:\r:.t::cn shlll '.:: -:v1l::.iti•d 1:\ 

~c:.::-:! .. 1:~t.:: -.::.t i'~:t~:;~: ~ ·.~\> ~~~:~~;:11 :r.c.::: .• :~:t 

l I. F:ni~li 
... ·. .. . ..... 
''''' \o, o•oo• • • 

:!· ,·~.· C-"t ~.·.·~.-~:-:·-.:.~ ·.-.; 

"'· "' ·;: ··:::· ·_:: .. ;-) ··. -

1 ·•. "(,:,:1 :::i11··~i1ncn' 

i .:~4;!•~,, :1.:st ._ci.;..:::1!i.:::~ ~:-.id 

--

',,; ~ - . 

. . . - -· .. -·.... .... .. ' - . 

........... .-• ...... 
-.~,t ,.; ;J::c: .. t. ~·,,: n~:~ <!res.~ ·~~:.·:-.!11:!.1:.i.;11 ~.~.id:..::-.:,~~ :~ 

:::.- ~1111:111.•l :: 1r Jr.·l. 
i .' .. ) l :~c ·..:c~I.! lest 1,:..::::n~i.::is sr:J,~ :,~ .:!1: :·--.;~i :i-.:::.~r. :( 

:t1i: :;:ir .1s roll.::1. 

I.I. . -'11111l11:r of r ..::\t, 
i JI F:ir i:a1 ~1z:-~ ~n. :o : ! . :ic!us1vi:. one '..::-.•:en ::st 

.imt .J111: ..:cnu t~t shJil c.: n::i'c ;:i :!\P. 1 .ir~~t s1:: ~.:1!c::: 
:':·~1n .'.:•r!i .:.-.it. it'. !'lnwcvcr. :n:tten:il frnm nr.c ~<:Jt ,:::'!'c:=" 
lJy ~!11.:: nr t11nri: ~..:.~1~;1;111r:11 :1t.0:nt:crs. nnc :c:1,1cn lnd .:ni: 
1~,.1:<1 t.:st ~h;iil cc :n:u~c i:oni ":nth •he iu~:-:i.;.'t .1nli ;cwc:st 
1!.-~1r,11:\t:lln 1111111l:cr .ii the .!.:fnr:nr.~ b:us rollc:!. 

1 l 1 111 t!ti: .·:•se .Jf :-O:n:\. i ·\ .\1~'1 id iJ:in. ,,r.i: tc::s1on :est 
1rat .ir.1: !°:":'let tc:;t ~lt.lll i:c m:tt:: Jf •Jett s11.1: ~ ;1'.c:d :":,cm c:Jcl\ 
::c.it . 

I'· 1~.·11•0,h 

: .1 t [I' .tn·, ·.::1•1li: ;:r1Jc:e1~y .ii J:'IY :cn,11Jn tes1 s;:c;::-::c:'I .s 
:.:s!I 1:1:in :11:i: :c;c1::::r.tl . .in~1 l11y ;:Jrt of::-:.: :·~ Jc::.iri: :s J1.0:s1.:.: 
i!ll! ~11111!! .. '. . .1.! Ji :!IC a:1i;c ! .. r.9:!1 .. I~ 1!1cl1C.1tC:! :y \~:-.:;: 
~rr11..iir, :i:;•1.:.::t nn the ~1:cc1n11·:'\ cc:or"" :c~ung. l :.:tc.\t 
\h:lll 1:1'! Jl!C'\,.11. 

\·LI If lia: .;:sults Ji .m Or.j1nJI :c11s1ti11 s;::cc1mc:n :";ill :.> 
:-r.e~t th,. S!:r~1fo:rl :mn1n1um ~r,111rcn1c:n1s l:".a :~: ·.ir.::1::i 
~.CCtl 11~1 nf the ri:c;u1rcd :cns1h: mc:~;:h. ·Mrtlun iOCC :s1 :i 
·:u: 1.::tmrc:rl ·;:c~.1 ;::r:1nt. or ·.v1tl11:1 ~wo ;:c~c::'l:::ge •J?'lltS :i 
:hi'! 1·r~111rcri ·!·w~:1t•ll•'· ;i rc::c:u sr:'!!l 1:t: ;:1::-::i1t:e:! en :·.~~ 
::1:1~cr.1 ;;::r~:ni.::a :·.-r .::\c!1 Jr:~1n:tl :r.ns1C'lt\ s.:e:::n::::i :·;-.;:~~..: 
:·, .:m :!.r :ct. !:· .1.! resu::~ .ii :!\l:le ~e:cst ;1:c:::i:c::s :::c:t :::.: 
,,,,·:-:tir:I rrq111"·1i:.::us. ~!:I'! !..:t sli.'li i:r: .u:.;:;;11·.:t. • 

!·\.J If, i.;r::cl :est ::1;:s :·or 1.::iscns c1i1c1· t!1"n ."'t':r:::.l::;:~ 
rr:isnu.~ er t1:iw• ::t th.: ';::c::;~P.n .1:£ • :csc1 :l:r.:i ;:t : ~.~ J:-. ..: 
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Cuen S11nd1rd ( 197-'1 r1co,.,mend1 1 Sm. 
one con1.c1ra11on c:it.ng 10 r1d11ce '.nttr· 
l'lole grouting'. •1tnC•9" tn·s onenomenon 
•S l'!Ot neCISHrtlJ' • d111d .. •!"ra9e ,,, J:l'IC· 
t•CI. 

It 11 notewonl'ly 1n1t these g11•dl .•ules 
or 1ooro1c~n ere 1:11sed on exoer11nce 
and en91n11r.n9 1uci;tm11't. Jl'!CI ,,or on an 
,,,,,...,.111 otno NleC91 ot stress J.su1t:1u11on 
arownd tl'le 1ncnor. 

Remarks 
w.111 r191rd to uoMt c1cac:ry "0 ••Dirt• 

m1n111 or orict1c11 evidence and only very 
hnle tl'leore11c11 i:111 sut:1s:ant11t1 · rl'le 
m11l'lod1 cutrently 1o111d (Tao11 11 to c11cu· 
1111 the u1t.m111 rts•ttlnce to oull·Owl of 
1nd:v1du11. or groucs of 1nc~ors. tndeed. 
there would 1cp11r :o tie results I S11tm1n 
and Schaefer (19AI and lrown I'"") l 
wh1Cl'I ondtClfl tl'lll ·11lur1 .n ,) •OCk ~HI 
does not 11-erllly cc:cur '" :~e form of 1n 
1nv1n1d 90 .1e9 eor.1 ::ir w1:91 Mowever 
it .. reanur ng to ~,.ow tn11 most :11•1ns 
are hlLely to Do con11~111v1 ·n acoot1n1 • 
cone rnetl'lod w1tn "0 allowance tor tne 
sl'l11r stren;:l'I of tl'lo rock m1t1 

Ntv1rtn11tH. so,..o sc.nc1td•t1t1on on 
safety factors tor :1.,,corary 1na 01rm1° 
nent enc!'lors s dtsor1011 :::i.,ittl'ler .iw1tn 
agrternent ·:in wn11 Jotow•n(ts snoula tie 
rn1d1 for sutc11ari;1 ;u1 10 .-rco.,:i101.a111a 
overburden Jnd :Pote -!rf1c:r or uc::ier 1ay1rs 
of w11t111rt0 rocic 

In 91n1ra1 1Horr snow•d ,ow tie ••· 
pen<Std. '" 1n1 form ot ht•d c111.n9 in I 

T 

. 
90•-~12 

. .... ..,_ ' . .. . . 

"' .!! "J..,;1 ~• •ce• -.11:•r .l'' ~l"'r1 -J:-,•• 
N ... ='"" ""ave oc .. ., -:Jre•~11y :.JS!· e'..i. 
'':e• '.J sr:..ay '"" S"Joie .1no :ics.: on J~ 
:;o,c ·::~ :~"•t l'T"t:Q .. uJ JI 'J.tyre Sue:· 
.;:-:~r;..,.~es sn; •. cJ J:e:--oaa:1 s ~c:11 
Jnc:~o·s .:ind ~ro11os :nt~::i J·11r 1 r1,,01 oi 
"c1.,,11:ons Only. ,. :r.~ NIY c:an an·.;.,or 
~cs.i;n n rtl"t'O" '.O .Jv:r.·111 S!ID11ofy :it 
::::11 '"·HO CIOtll '.ICl'f'·C••l'f ind tco:iom1· 
CJllJ'. 

BONO BETWEF.N CEMENT GROUT 
ANl> ROCK 

I ntroduc:tion 
'ltto11 ::ie1141ns to d1:e .;onc1rn1n9 st~11gl\1 

sn;itc 'iaeo 1nct1or1 "• .. • been succ11stu11y 
oned on tl'le 111wmct1on of uniform oo,,d 
:I strtC11o1t•On over tne fi•ed ancnor suit.; :e 
Jr11 in orner words .t 1'111 tleeri gen1r.:illy 
.ICCIOlld '"" :I'll bond dlYllOOld ·I 
merely a func11on of fi•ed ancl'lor ::i1men· 
s1on1 ano 1001tld 1010. 

Howe .. er. recent eao1r1m1n111 .:ind 
rl'leoret1c11 1n11yses n1v1 1nC•ClllG tn1t cl'le 
crieracter at tl'le bond to the rock '' more 
co,,.c11a. Ind r1~1crs ldd111on11 01r1m1:er1 
wn1cn often 91v1 rrse to-1 in11t1eo1y non. 
yn•form str ... d11tr1tlut1on T'ltue. '" many 
cases :111 naumed m1cn1n1srn of 101d 
transfer .n 1ri1 lialG ancrior zone "'•Y 1:11 
;ross1., .n1ccur111 For 1umo1e. tne s.ru•· 
t•on :ou•d well ans• wl'l1r1. for • "'9" 
:ao.1c.1y ancnor. tl'le ·•vet ot tlond si·ess JI 
i111 •o•cec I or proa1m11) tnd may '' e•· 
:r1,..e1y "'9"· oou1t:11y 1ocroacn1n9 •a111o1r1. 
"""''"' :l'le more d11111 01rrs ot t111 'iaN 
1ncric;r m1y •n effect 1:11 •1c:wnd1n1. c·ear•,.. 
sucn 1 11t111t1on w 0i: !'!1v1 ' bur "9 on 
av1ra11 st101hty 1n11y111. cne ·nt1rar111t'0"' 
of ancl'lor eat1na1on1 • .1nd 1on9°term cr110 
t:1e111v•Out. 

0tS·9ft Crlllf'll Ire re"' 14l!wed rtl1t•n9 !0 
rne '"'9"•1We eno :1·str·t1urron of Dono 
l1aed ancl'IOr d1m1ns.ons. Jno factors cf 
sefety F0t C0"'01t•1on. :rie •Hults or r11 ... 
vant t~eor1t.c11 1no ••cor•menrel n•es: .• 
g111on1 11'1 pr111nt10. 

d : °'"'e:~ ·~ .:-:'"'-:" ~ J-e~e· 
,, -= wcr' n; ::-.; s:·!!S 

,..._,1 .1:c,.":'ac~ , .. seij ~ ....,.,., 1 c.:_-~. 

-!1 i="Jl""CI ,:J'';t·:: 1?"':: ~J" •:! 
c.:ir.:. ·~7Jl i.l'"•:• ·.C:1:es :?7·;1 ,. 
1.,;S.I. (Wll.:t ·::Ji 

',,. fl.lllt S QISltd Qn tne !Qt:Q ... I 

St"'Dle JSSl.:'T'Ol ors 
(1) Tr1,.ster o~ ·•e ioa~ •,,,., :~e ~., 

'"'"o~ :o rr.e ·ac• :c::;.~s :i., • ~""o•
J•Str•t:lureo srre.ss 1ct.,,9 over :ne w,,c·e 
:ne c11rv•a sw,.,ace of :ne ·iaeo 1ncnor 
(11) Tl'to 0•1met1r of :~e l)oreno11 and :• 
flaeC: ancnor are 0 oent1c11. 
(111.) F11lur1 :a11:es OllCI l)y Sl•C•"9 It :~ 
ro.:•/9row1 .n:1•f1c1 (smootn tior111011i : 
by sl'l11r1n9 a<:.acent to :ne roca1 grout • 
:1rl1c1 ·" ""•••er rn1a1um (rou9n acri 
nottl. . 
(1v) T'l'!ere 1r1 no disco1111nu111a or'""' 
1n1 #ll11:ness ,:11an11 11on9 """'Cft f111u. 
c1n tie 1nC:uc10. ano 
( v.) There s ,,o 1oc1I :ieoond1n9 at rr 
9rowt1roc1t 0n11rt1ce. 

W"ere Snllr Stt1n9tl'I 11111 ltl ClrT'll 
out on r1oresen11t1v1 11'"'::1111 gf me roe 
man. tl"I m1a 0mwm 1v1r1-;1 woftl,n9 tlo• 
stress It 111e roc•1 ;rout •ftlerllGI allow 
not uc11d 1111 ,,,,,,,,.,um Sl'lllr scr1n91 
d1v.d1d l:)y 111e ,,,,,.,,,, u;11y f1ctor '"= 
m11ly not IHI tnan 2? r;,., IOPfOICrl " 
01tn ::ir1ma.,1y :o soit roco wllere tl'lt ·~,, 

u111 cc..,.oress .... ttreni;:., I UCS\ s e! 

:n1n 7N:rnm·. an<S .n """·C!'I cne no•es ,a. 
been drilled u••"c; J roiary :erc:.iu1v1 rte: 
.,lftl. '" rne •DH"CI ~r sneer str1 .. ~: 
~111 or fi11d 011ll-cu1 ~tstt. 1..me10• 
( 19721 111111 :nat :l"!t "'''""Ill tl~,.o s:~,i 
s olten rallen H one·!f'"!., of :l'le "'" ,. 

.;o:""oress•v• i'.rt~;:n er . .,,,,.,.,e ·oc• 
( '00 oer :int core •e'!av•'Y' 1o10 :o a ,...,. 
"rol,I,., ... 1 ... 1 • . J! "2"l .... ,,,. ..su,.. • 
:l"!JI t"• crusn·n9 s:re";: .. of :111 ce-~· 
;r::iwt s eouil :::i :r ;ru:t~ :"a" ~2"l -
~oo•y•nq I" 1::ioa't"r sa•t:-, ~ac::ir or 3 
~ere. ""~·ch s ..::t"'S.,.-J:.ve 01Jr:r"; 
~ind IPll 1aclr of r1oev•n1 o.:it1. :~1 we~· 

~Ji--------------"" 
r .,.111uc1 

02 --- .• - -- - -----1 

J•. 

I 
I ~--

;o :J 

~· 
F ;. -' .1c'ttt i.:nsr.10 :"twc.·1'"' ,, CJI s•·· t; .,,,~ ~.'"··· "~' 
~:···.;rcs;j.,. ::r'!'f!~:., I I; :j !"··..:t .,, :i '"' ., ._,t UCS .,.r o 
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C:Jlft t 19701 •llows • ,,,, •• w..,,., wo,.-1n9 
o:·J at ~ ~N """'" tlur ""' :" • 11t11y •ac:· 
r.:· JI 1 75 """•Cit 1nd1.:1re1 • w•tue ~I r,,. 
e• J J~, ,,,.., · '" soma •o-: • s. o•tr•Cuf.Jrfy 
.:·i~"'" ... 11,.c••., "'"et '!I .,.,,,, • ••••· 
r f"'I tow .• ... 11..1 !he u1..,..,01 on :11J1 • ... 
1 ;."'' IC! ~•r c1r1 roc11. t.:.".:S ..,,., tud ro 
,. '"'"c ,11., •ow uc.r-•t• ol S"ll' 
s:·!"9'" , , ;1 '•no !I~ '" sue" cues :"• 
·~;.1"::11•0ft rl'I•: ~ ,,. 1011-''' 20·~5 ::llf Cl"! 
1..; 3 ,...,., Ce 111ar.fte11. 

.is • 911 :., 'J soi.: J· s:s 0:~11 ,,,: .. cs. 
.!S ~,C.;)""',..'f,..Jf~ tl"'t'Ot..;:~ .! ~~· NQftO ,Of 

.., ;f ''"9' J' ;,,1ous -~:Jmercll•C 1nd 
u; -tMit')' 'oc•s •rt ::irtst"'lll ,., TJo•e 
If' W"1r1 .r.c:• .. aeo · :"• ·~crar ot ur11y 
•r 1i"1S ro :°"1 "''''""'" •": wor1o; n9 oono 
•• •II c11cu1u10 •U""'''"' un.torm cson:s 
.: 1·. • our;on tr 1 c:ommo" :o !1"'d :11u r11e · 
,,._. ;n•ruo1 ol Clone '' 11m: . ., 1ue1110 oy 
••:cr•tftCld l"c;'"'lltl' !ftt ....... 1 ldCC!ld 
!::· wo'11;"9 oono srre11 eh1n 1.11 .11 t"I 

,,. ~1 0 JS :o l '"'"""'· l<ec:n ( 1972) 1u9· 
.,,,.;. cano srr11H1 1n r1111 r•n9e lor wHll. 

'"'~"'"' 1no 1rron9 rocll I T1011 Ill). ind 
tl"t Awair1r.1n Cooe CA l5--19T.I sruea 
:I"!~. v11ue ol I OIN/lftlft• "'"ti••" UHd 
'" • ••di ''"9• of •9n10,,.,. Incl seo1m1n
t1~ •QCO. our c:~nfirm1 :r"lt l•rl r1111n9 
nu aerm1c110 t10110 v.iuu of uo ro 2.1 
~ ~"' • 10 01 lf'IDIOyed. 

~ rr. 1 cor.nect1on tlle o,.!r Cuen Stand· 
1r: c ''"> conc1ua11 r111t since rlle est•· 
,,,,:;on ol oona . .,,19n1ci..de 1nd d11rnt1uc1on 
•a • comot1s OtOlttem. fie.~ •ncllor 111ta 
,,. ;wl~ """'"' oe conouc:ld ro con~ 
t1c·12 "'''"• '" on19n. u t~•re '' no 1lllc1· 
1,.~ or reh•tlte •1Cernar1ve. C trt11nly. 1 c:om. 
,,,~., croc1e1.1r1 lft\0"91t l:"'.Cllor oe119r1t11 
·s :o •rr'"' at nr1m1t11 ol oerm.11.Dle 
w:·•·"9 oono .,,,.., .. Oy '•c:or•"9 r11e ,,,,,.,. 
01 :11e •~o1~J9e u111m111 oand c:"cutltld 
tre- rHt '"c:nora. w11en '"'''"Ole. U.11•lly 
'"' ·ec=mm1no10 11f1ty tac~or r1n9e1 lrom 
2 ::i J. tlut •s lreouenrty tower '" vety 
c::-:e~1nr •oclll. 1no 1119.,•r ·n we11ier. 
riu .re=i. or we1r11ereo vanet1• 

-:-.,1 oe9rH of we1t,.e:1n; of t11e rocll ia 
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3.2.3 Factors of Safety 

'7">->e ces1gn 1oaa P 'or ~ne a,..c- Jr ~c1..a1s : .. e 
-all•m .... m anr1c1carea 1oaa ace~.~-=::'. .. ! Jl"'c .. cr 
· ,...es :ne facror of sa.!_ery usea ,.. ... e :es 0 g"" :t 
:--= 3,..c-orea Sf':.ic:ure ir-e ,ai -~ :• :-<? '3,:·:· :' 
: l · ~ • , : e o e,. cs - ::: o ri :- <! : • :: ~ : • ·; : : : 3 : : - : - ~ 

·-.:. 

3.2.4 Anchor Tendon OH1gn 

i""e rencon size S :e!erm1l"'eC s ... c., '.'"ar ~"'e 
ces1gn 1oaa for r,.,e anc~or coes .,or ~-.ceec oO 
oercent of r,.,e g;.;aranreea u1t1,,..a:e ~e,..s11e 

strengrn 1 GUiS1 of me renao1't Tl"e 1oc1e oft 1oaa 
wn1c'n sna11 ::ie ae!er.,.,1nea ~" t'"'e aes1g,, 
engineer mav oe 1arger or smaller t,.,an tne 
aes1gn 1oaa Tl"le recommenaarrons tor corrosion ·: 
ororect1on i;111en ,,., Sec:1on '3 O C.Jrrcs1on' 
Prorec~1on sna11 ce cons.cerec · 

3.2.5 Frff Stre11ing Length 

Tne free stressing 1en9tn s,.,ou1a l"'Ot oe 1ess r,.,an 
T 5 feet ( .i 5i2m I 

3.2.1 Bond Length 

:~e oona 1engrn can oe est•r-uec oy t!"'e 
'011ow1ng equar10.n 

Lo 
p 
,, 
a 
r. 

: 

,, • : • r. 

~ oonc 1engrn 
= aes19n 1oaa tor uie ar"cnor 
: J. 14 
=diameter oft"• dr111 "'O'e 
= working t1ond stress . ,, rne interface 

tletwffn rocec anc ;rout 

T"e wortung o~-e stress used ~O je!er.,..1ne tne 
oona 1en9tn is orma11y 25 ro 5v ::::ercent ot :~e-
1..Jlt1mare oono stress 

i"'e utr1mare oone stress aece,,cs ~~ :!"'e 

Snear srreng:~ ot :ne rcc1< 

COWNiiNTAAY 

T~e !'"";· .. !er Sl"Ou'C "'Ct ::,...:::c·-'"-: .a·:_ 
'ac::rs :' sa'e!·1 ,..,..~;. ":!S -- ~-

sr· .. c:, .. ·e .. _! .. -:.;··i·--·. ;~~ ·
00

;: ... ,:~~~~::· 
. · ... - . -~ ,•. : .. ~ : - : .. - -

·--= ::: ~: :.::: ·--:- =~: ;- :..; : ·:· ·-- ~4 .-

"." .. e rcac . ~ an a,.,c~or ·~,.,C~"" - a·1 ~ ·-~· 

..-"'c'ease or cec'ease w\11t,., t1,.,.e :e:;,e,.,: --; :- ·-e 
:::enav1or ot rl"le srr .... crure 

T"'e m1n1,.,um srresS"'"9 ie,.,gt,, recommenaea 15 
~o cre·1enr s1gn1f1canr reauct1ons 1n transfer 1oaa 
c .. e !O srress.l'lg ancnorage 1osses or '""Ove,,.,e"': 

'7"~e :::or-: -!"'gtn normally 1S not 1ess '."'an 'G 'e!! 
r=or --=,,..~, Jcc11car1or-s t"'e :::o~c :e~wee" :-e 

:--! 3-:-·:· ;--: _: - ... · ··:-~: :!s:s _3.,.a . '".=::_ .. ~ 
·-a: ·-! ~-:i- ::"'" .:J:~·: ~. :-: -.: .. !!!~-~ :- ·--? 

::.~c -!""';:- "'-?·=-~=~·= ,.. :'::' ~= ·=· ~--= 3--'=-:"' 
:i ... 11 •• , ... r :es: :-: •. : -.:: :e ·e:-·;-: • :-e 
al"IC!"'lors are :es:~·: .H :es.:·=~-= - 5ec: c,.. ~ -

..-;,.,en se!ec: -; :-e 1tC'" -; : :- : ::·.;:: ·-.; 
e,..g:r-ee' sr-~_:: .:.: .. s.:er :-e :r.~·C.3· -a:-·e :· 
~~e 1nc~or a:: .. car1on ,ar a: . .:-s ,. ·-e ·:::" 
:::rccer:1es Jl"IC :-! l"St111a: :- :·::e: .. ·es 
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~14rY- lc/A>fc. z._l•l-t'o_,, 'P.'(oT 

?1i4,,+6;;1pp) s: +e) ~"~~~kit\ . 
st:·"ss space ( : 1 T> wrtere ; and T denote nor:nal and shear st~essu, and ~6" l"{a1'.I 

an envelrope 1s dr-awn tanc;ent to cne circles cepresent1n9 t~e ult:~mate .S..~~78'-1' 

shear stress ot any .val·~e of con!ini:iq pcess:Jce. 

When t:~e da:t !com ~abl•s 9.2.4-l and 9.2.4-2 i:e ~~~::ec, ~~ree ~o~c· 3 

circ~ts whicn are nor~al for SDiM rock salt ire oot:31:ied in ~!qure 

9.2.4-2A in stress space : ,Tl • The ulti:nat:e st::-esses can be 

approxunated by a Str319ht l1ne (Coulomb) envelope of tne for:n 

T • c. • : tan .. . In c:onvent:1onal ""9 i!"\eer ~:ic;. ter:unoloqy, C u cal.!.ed 

t:ne cones1on and : , tne angle of internal friction. In this case, at 

ambient temperatures, rock salt from the 2,700 foct level nas an apparent 

eortesion of approxlJllately l,000 psi and an angle of internal friction of 

33°. Similar data for 'otner rocks are C.1ng used for mine pillar 

.design. However, 1t should be recoqnued .l;l'lat the validity of these 

ul. t1mate stress analysM rests on two assumpt1ons: ( l> fulure is 

independent of tne J.ntermediat• principal stress, and (2) failure is 

defined solely in terms of Jtresses and independent of strain, strain 

rate and tlJlle. Both of these assumpt1ons are currently be1ng evaluated 

for rock salt. 

In contrast: to other roc~s. it is i:nportant co rememeer :nae rock salt 

undergoes large deformations long before cne ultimate stress is reached. 

Since cnese deformations can exceed 15• even at ambient: ttmperat:ure, lt 

is conceivable that a practial failure condition :niqht 1:icorporate a 

:naximum deformation criterion. To illustrate t:~is ;ase, t Coul.:nb 

envelope was constructed (Figure 9.2~4-28> whic~ cefi!"\es t:~e stress 

~aqn1tudes at an arbitrarily chosen constant value of s~:a1n 

' ~ 
1 

• 2.5'). This value iS the average strain at t:!'te ulti.:nate st:us of 

sample• tested in uniaxial C011pression at ambient temperature and a 

loadin9 cat• of lO psi/min. It can be seen that Fiqu:e 9.2.4-28 is 

different from the ultimate stress envelope 1~ Fi9ure 9.2.4-2A. Clearly, 

t~e snap•• of the Mohr envelopes are hi9n1y dependent on failure 

criceria. Th• values obtai~•d a.Lso depend on th• manner in wnicl'l t:ne 

Mohr's envelope is draWT\. rn Fi9ure 9.2.4-2A, a ·~est fie• scra19nc line 

:~nc;ent: to the circles ~•s drawn: wn1le i~ B, a parabola was drawn 

tangent to tne circles. 

' 
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APPENDIX C • CHANNEL SUPPORT DESIGN' 

The final design of the steel beam support system was the result of an evolutionary process that 
staned by considering an I beam. The original concept called for an I beam that would be held in 
place by eight rock anchors and four ylaldable steel posts. Thia design had several dlfficultles· 
with it: 

o Each I beam would weigh about 2,000 pounds, making th8 Installation process difficult and 
potentially dangerous. · 

o The supporting rock anchors could not be attached to the centerline of the I beam. 
lnstead;the rock anchors would have to be attached by means of a separate plate to the 
flanges of the I bearil. This WC>Ud have generated axceu moments In the beam as wea as 
Introducing torque forces. which would have been dlfftcutt to calc:Uate. 

o The yleldabla posts would have been dlfftctjt to test. and u they were not performing any 
function that the rock anchors could not provide, they were aUminatad from the dasJgn. 

The final design calls for a 15 x 40 channel with 11 rock anchors that are fastened through the 
centertlne of the channel. 

The channel wll be made of three 9 foot sections belted together with four 7.5 Inch by 3 Inch 
splice plates which aJlow for greater ease in the handling and placement of the channel. 

The beam has been designed to accommodate the unequal distribution of the rock load, and the rock 
anchors will be tensioned to account for the fact that most of the detached load Is In the middle 
of the room. 

The support channel design calculations are given below. 
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GEOTECHNICAL MONIT0Alt4G PROGRAM 

1.0 INTRODUCTION 

DRAFT 
09/10/91 

A system to support the roof in Room 1, Panel 1 has been designed on the basis Of the rock 
mechanics data that IS given in the Geotechnical Design Summary Report (Westinghouse, 
1991 a). The design Itself, Is presented In the Design Report for the Supplementary Roof 
Support System, Underground Storage Area. Panel 1, Room 1 (Westinghouse, 1991b). The 
support system accommodates a controllid yield of the roof rock u the creep of the salt 
takes place. The success of the planned system relies heavly on a monitoring program that 
wm determine not only the geomechanicaJ performance of the room but wUI also assess the 
structuraJ performance of the support System. 

The support system Is designed to carry the dead weight of a rock wedge that Is forming in 
the roof of Room 1. The development of this wedge has been established from the rock fall 
that occurred In SPOV Test Room 1 and from observations of fracture development in other 
parts of the underground facBlty. The wedge Is net yet fully formed but experience in Room 
1, Panel 1 would Indicate that It wll form within the nm 7 years unless fracture 
development In the roof can be controlled. The support system in Room 1 has two purpoeas. 
It Is design to minimize the development and propagation of roof fractures thereby, ensuring 
that the rock remains self supporting for as long as possible, and secondly the System must 
have an capacity to carry the dead weight of the rock wedge once it forms In the roof whle 
accommodating both vertical and lataraJ displacements due to far fleld creep effects. 

The geotechnical monitoring program will establish the loads that are developing In the 
support and the deformations of the rock that are taking place around the room. The 
geotechnical data wll be used to ensure that the support System Is performing In a · 
controlled manner and to establish the toed adjustments required to the support system In 
order to accommodate the creep movements of the salt, and to confirm that room perlormance 
remains within_ satisfactory bounds. 

This plan describes the geotechnlcal monitoring program that wit be inplemented to evaluate 
both the room performance and the performance of the support system. The plan describes the 
instrumentation that wll be Installed In the room. and I discusses the crft8rla that wl 
be applied to ensure that the support system Is adjusted In a controlled manner and that 
room performance remains satisfactory. It should be noted that u more data becomes 
available, especially on the Interaction of the support with the room. then the criteria 
that are the basis for adjusting the loads an tha support may require modiflcatJon.: 

The plan has been dawloped and wl be Implemented In accordance with the general 
raqutramenta for the con1ra1 of test actMtles u descrtbecl In the Geotechnical Engineering 
Progrmn Plan (Westinghouse, 1991 c). They CfNlf the aightMn crlerla that are defined In 
the Oulllty Amnnce Program for Nuclear Faclltlel (ANSl/ASME NOA-1·1988). The 
Geotechi1icll Engineering flrogram Plan suppcns the Qually Aastnnce Program lmpl~ed at 
the sit• (Westinghouse, 1990). . 
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The geomechanical monitoring of a room can give Indications of Its deterioration. 
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Monitoring of the per.fprmanca of excavations at the WIPP has already provided &arty 
ldantlftcatlon of such conditions. SPOV Test Room 1 showed 8Yldence of worsening Conditions 
at least 3 years prior to the root falura In that room. In addition. the Geotact-.nlcal 
Expert Panel has expressed confidence that Instrumentation In Panel 1 can give adequate 
notification of deteriolatlng conditions (US COE, 1991 ). · 

.. 
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2.0 MONITORING OF ROOM PERFORMANCE 
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The program for moriltoring room performance has already been develoPect and Implemented in 
Room 1, Panel 1. The basis for the rnoPltoring Is that the measurements and observations are · 
simple to make; That mJnimal maintenance of Instrumentation ia required, that 
instrumentation Is easi{y replaced if It malfunctions; and that conditions throughout the 
room are known. The data should also provide data on geomechanical performance features 
that have been identified elsewhere in the underground facllty, especially in the SPOV Test 
Rooms as features that should be to give good comparison with ottw data collected at the 
site. Room performance is being characterized from the following: 

0 the development of bed separations and lateral 
shifts at the interfaces of the salt and the days undertytng 
the anhydrltes •a• and "b". 

o tha establishment of the room closure rates and determine I they 
are accelerating with time or exceeding expected rates. 

o the assessment of the behavior rJ! the pillars. 

o the assessment of fracture development In the roof and floor. 

The Instrumentation In Room 1, Panel 1. was upgraded during the summer of 1991 from the 
original monitoring program established for the panel In 18. At. that time, !Imitations 
were imposed on penetrations through the anhydrite "b" In the roof. These llmJtatlons were 
in effect for waste storage considerations and no longer apply to the UM of the room as the 
location tor the bin scale tests. Roof conditions are ncww assessed from obieNatlon 
boreholes and from extensometer measurements. Meuurements of room closure, rock 
displacements and observations of fracture development In the immediate roof beam can noW be 
made and used to evaluate the performance of the room. The upgraded monitoring program was 
presented to the Gaotechnlcal Expert Panel who considered that It was adequate to determine 
deterioration within the room and could provide earty warning of deteriorating condltJons In 
the room (US DOE. 1991). 

The location of the Instrumentation monitoring room parfarmanca Is shown In Flg&n 2.1. The 
specifications for the lnstrumentl are given In Tabla 2.1. A sunvnary of the Installation 
requirements Including tolerances. workmanship and nadonal codes and standards that the 
instrumentation must meet are given In Appendix A. Figures 2.2 and 2.3 provided the 
instrumentation cabling la~ for the convergence meters and mensomatars respactJvaly. 

2.1 ROOM CONVERGENCE MEASUREMENTS 
Vertical and horlzorul converganca stations wl be Installed at sevan cross sectlonl 
thraughcU the room to monlor roof /ftoor and wall/wd room dolura. The locatlonl for the 
lnstrumentl are provided In Figure 2.1. At. each cross secdon. roof /ftoor convergenca wl 
be meesured at mid span and at room quarter points and Wiii/Wiii convargance wl ba
measured at mid room~ The convargance rneuurwneru wl establish the rates of room 
closure for comparison wtlh pr8dlctect rates and wl be 8Y81uatad to determine aayrnmetric 
roof /ftoor closure of the room. 
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Each convergence station wBI consJst of a mechanical anchor fixed about 150 mm below the 
rock surface. Oetals of a typicaJ convergence anchor lnstaAatlon are given in Figure 
2.4. An axtansameter consisting of a wire or tape stretched under a constant tension and 
with an acante distance measuring device is attached between the anchors . Changes in 
length between the anchors wll be monitored periodically to ~etennine room closure. The 
convergence measurements can be made manually or remotety. For manual measurements the the 
extensometer is put In place only for a reading and is subsequently removed. For the remote 
readings. the extensometar remains In posttJon and the manual extensometer measuring device 
is repaced by a electronic length measuring device. In cu application In Room 1, a 
potentlomecer readout with a range of 36 lncheswl be used where remote readings can be 
obtained. Remote readings cannot be made at all locatlons because the permanent 
installation of wires across the room will Interfere with access Into the room. 

EXTENSOMETEA MEASUREMENTS 
Borehole extensometers wll be Installed In the roof and the walls of Room 1. Roof 
extensometers will monitor bed S8SJ81'8tlons at anl¥:trba •a• and ,,. , and dilation and creep 
movements within the Immediate roof beam of sail Wal extansometers wtl monitor the 
lateral deformations within the pillars. 

Within each borehole, five measuring points wll be anchored to the rock to monitor rock 
movements towards the room. Details of a typical borehole extensometer lnstallatJon are 
shown in Figure 2.5. In the roof holes the anchors are nominally fixed at depths Into the 
hole of o, 6.5, 7.5, 13, and 14 feet. for the purpose of monltorfng bed separation across 
the anhydrltes •a• and,, •. In the waft holes. the anchors are fbcld at depthl of o, s. 10, 
15, 25 and so feet The specifications for the drlllng of borahcles. the Installation of 
extensometers and for the Instruments are gtven in Table 2.2. 

Callbratton of the measuring device for the m~ple point extensomaters wll be canted out 
either by the manufacturer or by the Site CaJlbratJon LaboratOfY. Callbratlon wll be 
traceable to N.l.S.T. 

Readings wll either be taken manuaDy with a read~ device provided by the manufacturer or 
wll be performed remotely through the automatic data acqulsldon system that Is maJntaJned 
by the Manager and Operating Contractor In the underground. Measurtng frequency, once the 
room is In use as a laboratCMY for the bin scale tests wll be canted Ola wery week. This 
frequency may be adjusted to meet any changes that develop. 

~e 

SURVEY MEASUREMENTS 

Survey measurements wll be made In the room by the SUIV8yorl from Mine Engineering. These 
measuraments wll be used to separate roof and tloor deformations. The measuraments wll be 
taken on a routine ball. probably at lnterva!s of about 3 months. 

FRACTURe MAPPING OF OBSERVATION BOREHOLES 

Three observation boreholes tmve been drlled Into the roof al Room 1, Panel 1. 
Observations of bed separation and lateral strata shifts wll be made on a routine buJs at 
lnterva!s of about 3 rnonchs. The boreholes wll be monitored using a acratch probe that has 
been used for the Excavation Effect Program (U.S. DOE. 1987). The holes can also be viewed 
with a borehole camera I the fractures raqUr8 vlsull oblervatlon. 

In addition, the boreholes for the rock anchors wl be observed from fractures lmmedlately 
following their drillng. This wl be carried out using the scratch probe. 

0-t 
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The lnstnJmentiltJon monJtortng room performance, Is currently read manuafty. Conversion to 
remote reading of lnstrumQntatlon Is planned. This conversk>n wll take place when the data 
acquisition system for the monitoring of the support system Is Installed In the room. It 
may not be practlcal to convert all the instrumentation to remote readings. The root 
extensometars wll be converted to remote reading. The ancillary equipment to allow remote 
reading of the quarter point convergence stations wll be lnstaJled but a final dactsion on 
lnstallatJon of the wires wll depend on establishing that they wl not be damaged by 
personnel maintaining 01 sampling the binl. The rod/ft«K convergence stations at midspan 
I.e. down the middle of the central accasa way and the wal/wd convergence stations wit 
not be monitored remotely u they would lnteriare with acceu. 

'"" The Instrumentation wll be monitored from a dala logger located In an lk:oYe In S1950 of 
Panel 1 b8tWean Rooms 4 and 5. The data logger la pmt of the Gearnachanlcal Instrumentation 

· · System Installed In the underground. The aystam II COi lb'Olled from a computer located on 
the surface. The data logger that wll be used to remotely l'lad the lnllNmentatlon 
monitoring room performance In Room 1 la alra.tf In place. The specllcatlons to which the 
dataJogger Is manufactured are provided In Appendix A. 

The results from the Instrumentation In the room wll be evaluated on a continuous basJs. 
Documentation of the results will be provided amually in the Geotechnical Field Data and 
Analysis Repona. 

·c 
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The monltorinO of thi support system performance provides an assessment of the manner in 
which the support Is controlling roof movements indudlng the breakup of the Immediate 
rOot. The monitoring program in Room·1. Panel 1 will evaluate the following: 

o the performance of the structural system that supports the rool . . 

o the load that develops In each rock anchor for the purpose of adjusting loads so that 
the build up Is controlled In a consistent mamer. 

The basis for the Instrumentation must be that the measurements are simple; that 
instrumentation is easUy replaced If It rnaffuncdons; and that the performance of each 
anchor can be continuously monitored and raadly compared with performance of other 
anchors. The instrumentation layout for monitoring the support system perlonnance is 
provided In Figure. 2.6. Cabling layouts are provided In Figures 2. 7, 2.8, and 2.9. 

The most Important of these measurements are those that determine the anchor loads. These 
measurements will be used to adjust the anchors to ensure that the anchors are not stressed 
beyond the allowable working stresses and that the rool ls lowered In a contrQlad manner 
that accommodates the continued creep of the solid sail 

The measurements of cable elongation and pressures developing on the sheeting are taken to 
determine how these components of the support system are p&lforming. No adjustments are 
planned on the basis of these measurements. However, r they show load buldup addltJonal 
actions may be considered. It Is not expected that breakup of the roof rock wll be 
excessive, It appears more likely that the rock wl remain primarly self supporting untl 
the detached wedge in the roof fUly forms. It Is not expected that thll wll occur within 
the next two years based on the experience obtained from SPOV Test Room 1 Therefore, It Is 
not believed that loads approaching the U weight of the detached wedge wl develop on 
the expanded metal sheeting and the cables. 

3.1 ROCKBOL T LOAD CELLS 
The rockbolt load cells monitor the axial loading on the rock anchors. The measurements 
wil be made on each anchor and wl be the basis for adjusting the load on each anchor 
should an adjustment become necessary. 

Each load cell consists of a cyllndrtcal body with a central &MUus far the rock anchor. 
The load measuring elemanl II a spool of high strength steel or aluminum on which alec:trlcal 
reslstanc8 strain gauges are bonded In a ful bridge conflgwatlon that provides temperature 
stabllty and compensllllon far off center loading. A stHI outer CO'ier and 0 ring seals 
protect the strain gauges from mechanlcal damage and water penetration. 

The Iced eels shlllbave IUfllcllnt capacity to 1n881W9 up to SO kips with a.sensltMly of 
0.02 klpe. In order to-maxlmlu the verticat adjustment on the tendons. the laejght of the 
load Clls shall net exceed 75. nvn. The typat load Clll lnltllatlon ii lhown In Figure 
~1~ . 

3.2 PRESSURE CELLS 
Pressure Cells that wll monitor the pressures that develop b8tWaen the expanded metal 
sheeting and the salt roof. The measurements wl be made In selected area within the room 
that are expected to have the greatest roof movements and hence. be men ~ble to the 
development al loads due to the breakup al the lnvnedlate roof rock. Typbll prassure cell 
lnstaJlatlon Is shown In Figure ~ 11 . 
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The pressure call is manutactured from two steal plates welded together. The space between 
the two plates ls filed with de-aired antifreeze.solution or hydraulic ftuid and Is · 
connected via a hlg~pressure stainless steel tuba to a pressure gage and/or praSiure 
transducer. A pump Is used to inflate the pressure cell and press the caO against the 
rock. A change In load on the the cell wUI cause a deftectlon of the diaphragm which 
results In a change in the fluid pressure. The pressure cells. In Room 1, wUI be installed 
between the rock and the mesh to monitor the pressure distribution on the cable lacing and 
mesh. 

The pressure calls should be constructed from corrosion resistant materials such u 
stainless steel. Each pressure call wDl have pressure gage. The pressure call can be 
modified for remote monitoring by replacing the pressure gage with or adding a pressure 
transducer. 

The most Important factor to take Into consideration when Installing pressure calls Is to 
ensure a good contact with the surrounding material and to avoid localized or point loading 
of the cell. To avoid point loading, the pressure ceHs will be encapUated with a 
concrete based grout After the grout has sat up, the pressure cells are placed between the 
rock surface and support mesh. The pressure calls are pumped up so that the ceH Is 
completefy fllad with ftuid. 

Pressure in the calls will be monitored using pressure gages. Monitoring of the pressure 
calls can be change from manually read to remotely read with the addltJon of a pressure 
transducer to the cefl. 

3.3 CABLE ELONGATION 
Crack meters wll monitor the elongation of the cables that support the mesh and expanded 
metal sheeting. The measurements will be made on selected sections within the room that are 
expected to have the largest deformations and be more susceptible to breakup of the 
surflcJaJ rock. Typical crack meter Installation Is shcMn In Figure 2. 12. 

3.4 DATA ACQUISmON SYSTEM 
The data acquisition system shall provide for ramcte mUtlplexing of the load cells at 
locations within the room. The data acquJsltion system shal be capable of handling the 
required number of multiplexers. The data acqWsltlon system shal be configured to monitor 
33 rows of load calls, •ch row containing 11 loads cab. · 

The data logger wll consist c:A a progranvnable COi ltrcller, switching units. and a readout 
device. To prevent themal deterioration, the switching units must nUtlplex d signal 
functions for each lnstrumenc. Continuous connection to a consrant-voltage power bus is not 
allowed. 

The data loggw wl Include a Racal-Vadlc Modal VA 1251 G/K modem for data link connection to 
the surface data logging computer. 

To faclltate compadbllty with existing GIS equipment. axtsdng commu1icatlon parameters. 
protocol, and programming must be Incorporated Into the data logging componencs. 

A Racal-Vadlc Modem Modal VA 1251G/K wll exchange ASCH charader data rN8t the dataHnk 
cable via the following parameters: 

0 
0 
0 
0 

Baud Rate 
Parity 
Stop Bits 
Word Length 

-300 
-Even 
-One 
-Swen Bits 
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The two panel switches on the Racal yadlc Modem are to be set u follows: 

0 
0 

Analog/Olgltal Loopback 
Transmit Reversal 

-OFF 
-OFF 
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The modem's RS-232 lnterface will connect with the supplier-provided control units to ensure 
proper data communications. · 

. The surface dataJogglng computer has been programmed to communicate with .U underground 
control units through an exchange of ASCII character data. The computer sends a two 
character address sequence down the datallnk cable through the surface modem. Each control 
unit then demodulates the character sequence through b modem. Each control unit is 
uniquely programmed (via a PROM chip) to respond to Its own address sequence. Upon receipt 
of Its address sequence, each control unit wll pol b lnllruments. perform any necessary 
data reduction. and send Instrument readings through the modem u a string of ASCII 
characters. 
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The most lmportanr part al the support system performance Involves the C9"b'Olled yield of 
the roof. It Is expected that the lnteractJon .of the support system with the roof will pass 
through several stages: 

The anchors wUI be set to a nominal load al 1000 lb after proof tasting to 1.33 times their 
working load. The purpose al the pr8'oad Is to ensure that the lacing and meshing under the 
channel Is secured flnnly In position. M the loads change they wll be compared with an 
estimate of cOndltlons. There are two cases to be considered. These are the control of 
load during the detachment al the wedge when the full loads have not developed and the case 
when the wedge has detached and the working loads have been reached and any continued build 
up would be dependent on the creep al the solid salt onto the wedge that creates a stress 
buUd up In the support system that must be relieved by the controlled yield ol the support 

lnltlaJly, the rod will be self supporting u the fractures wl not have developed 
sufficlenUy to define a detached wedge. It Is likely that tNs condition wl be 
maintained for a period of years. especlaJly I the bolting systems are able to reduce the 
widening and propagation ol the fractures that do develop. However, for worst case 
conditions. It must be assumed that fractures wll propagate and that gradually the degree 
of self suppon of the roof will be lost M this occurs. the rock anchors wl provide 
increasing roof support and loads wll bulld up In the anchors. Once the rool wedge becomes 
detached, then the rock anchors wl be fuly supporting the wedge and wll have reached 
their working loads. Contra al anchor loads must consider the adjustmenll needed during 
load build up when the wedge Is not fUly detached and load distributions may not be u 
expected, and those required once the wedge has detached and Is subiect to beth vertJcal and 
lateral movements due to the creep al the solid salt. 

In addition, the wedge shape must be taken Into account when estimating the adjustments that 
must be made to the anchor loads. Two possible geometric shapes have been proposed to 
define the wedge that dwaope In the root of excavations. A triangular dlstrfbutlon 
Identified from visual obseNatlon al the rool fd In SPDV Test Room 1, and a parabolic 
distribution based on survey data al the rool of the room after the fal. For the purpose 
of assessing the adjustmenta to the anchors In Room 1, beth distributions wl be compared 
with the field data to determine which II men appropriate. The compertson wl be carried 
out on a rr:m by rr:m base and also aver time since the geometry of the wedge may depend on 
location within the room and load distribution within a ""'of anchors may change wtth time 
as fractures develop. 
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4.1 CRITERIA FOR LOAD ADJUSTMENT . . 
The criteria for adjusting the loads in the anchors are as fellows for the two cases that 

. have been identified: · 

CASE 1: Load dlstritrutlon below Maximum Working Load 

This case will occur as the load deveiops from the nominaJly applied loads due to the 
increasing support provided to the wedge as the fractures deveiop~ During this stage It Is 
not obvious exactly how the loads wil buid up, bul I Is expec:ted that they wit deveiop 
slowly because the rock Is still self supporting. Based on these assumptJons, the following 
criteria wHI be applied to load adjustments for a rOVt during the buid up to maximum 
working loads: 

0 

0 

0 

0 

No adjustments will be considered necessary to a rON c:A anchors untl 
the load In one anchor exceeds 4 kips. · 

If the load distribution within a rrM c:A anchors Is consistent with a triangular or a 
parabolic load distribution, then no adjustment Is necessary. Consistent II taken to 
mean, variations from the load distribution c:A less than 20 percer11 for au anchors 
in the rrM. 

If the loading for a rrM c:A anchors ls consistent with 1 trtangUar or a parabolic 
distribution but with a variation from 20 to 25 percent for an Individual anchor, 
then no adjustment Is necessary, tu an analysis shal be made to establish the rate 
of load Increase for all anchors withJn the rON and to estimate whether the variation 
Is Increasing and the time that it wll take to reach a value c:A 25 percent above the 
remainder of the distribution. 

If the load distribution for a rON of anchors Is consistent with a triangular or a 
parabOllc load distribution but with a variation c:A 25 percent for an Individual 
anchor. then an adjustment to that anchor wl be canted out The load on the 
anchor wll be reduced by not men than 50%. 

o If the load In one anchor exceeds 4 kips and the load distribution within the rON Is 
not consistent with tither a triangular or a parabolic dlltrlbutk>n. then a study 
w8I be canted out to establish whalher an altamatlv• plausible load distribution 
can be established. If this Is possible, then this distribution wl be used to 
determine the adjustr1'Mn to the anchor load. 

For example, If the loads develop on one sJde of the room due to assymmatrtc room dosura, 
then an assymmatrtc load distribution may be found to be a more appropriate basis for load 
redlstrtbudan. 

CASE 2: Load Distrfbudon at MaxJmum Working Loeda 

Load distribution at maximum working load Is consktered to hmw d9'11k>ped when controlled 
adjustment c:A a rON c:A bolts cannot reduce the anchor IOllda below i.v.ta that .,. consistent 
with the weight c:A a detached rock wedge. Once this stage has been 1'81ched, then the 
fellowing criteria wll be used to adjust the anchors In each row: 

0 If the measured load In an anchor Is 1 o percent or more over the allowable working 
load for that anchor, an adjustment to the load wll be nme. The la.d on the anchor 
wll be reduced by not more than 50% c:A b alowable working la.d. 

D-10 
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0 If the load distribution does not conform with a triangular or parabolic . 
distribution, a.study will be carried out to detarmine whether the measured 
distribution is reasonable and can be explained In terms of a geometric wedge shape 
that is appropriate. · 

These criteria are based on our expectation of the performance of the roof rock and of the 
support system and their Interaction. A mock up demonstration Is P'anned In another room in 
Panel 1. During the demonstration, loads In the anchors will be adjusted to establish the 
effects of changing loads by a controlled amount on the loads that develop on nearby bolts. 
Should the data from the demonstration indicate that the criteria do not provide adequate 
control for support system adjustments, then alternative criteria will be developed. The 
application of the modified criteria to the adjustment of the support system in Room 1 wUI 
require the approval of the Manager of Engineering for the Managing and Operating Contractor 
for the WIPP with concurrence from the Managers of Operations, Safety, and QuaJlty 
Assurance. · 

4.2 ANALYTICAL EVALUATION FOR LOAD ADJUSTMENTS 
In parallel with the monitoring of actual loads in the rock anchots. a study wDI be carried 
out to determine the load transfer that can occur between anchors. The study will lnc:fude 
field tests and analytical computations. The field tests wll Investigate how load changes 
in one bolt affect adjacent bolts. Computational analyses wll look at load transfer 
effects between bolts. These studies wll be completed before adjustments to anchor loads 
are required in Room 1, Panel 1. 

Computer simulations wUI assess the effects of adjusting the loads within the tendons . 
This will be done on a ttNI basis. since the avaiabla software codes are based on two 
dimensional modelling and It Is assumed that in eractlon effects between r'rNIS spaced 
nominally 10 feet apart wll not be significant. The codes that wUI be used are VISCOT, a 
finite element code and FLAC, a finite difference code. Both codes were developed for the 
structural analysis of geologic media. The VISCOT code which Is a version of a publicly 
avalable coda originally developed by Hinton and Owen (1982) was modified for used In the 
Salt Repository Program for the disposal of high level radioactive wastes. The FLAC code Is 
a propietary coda developed with funding from the Nuclear Raguatory Commission for 
application to repository projects. 

The codes will be used to determine interactlan effects between bolts supporting the 
isolated rock wedge. They wl establish I adjusting the load In one anchor within a rrM 
wll change the loads in other bolts within the ""' and by hCM much. They wll also assess 
whether assymmetric load distributions can d8Yllop due to lateral or dlfferantlal V8t1lcal 
displacements of the Slit and hCM these effects can be compensated for or minimized by 
adjusting the anchor loads. 

A prallmlnary assessment of load redistribution has been carried our using VISCOT. For the 
case d the fuly detached wedge reduction 11 bait loading of wl be redlstrtbuted among 
the other bolts In a raw without overtoadlng of any bolt. The redlstrtbutlons tor a number 
at cases are shown In Figures 4.1. It shoUd be noted that the study of bait load 
adjustment wll be an ongoing acdvlty and that flald data wl be usessed to determine the 
effectJveness of the analytlcal evaluations for load ad)UllmentS. 

D-11 
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m 1, UHEL 1. supaoumax ROOF surposr 
EXIERHAL DESIAH REVIEW 

INTRQOOCIIOH. 

At the 1nv1tat1on ot V1sttnghoust El1ctr1c Corporation, V1st1 
Jsolatton Divfston, an external design r1vt1w panel has been 
assembled wtth p1rsonn11 who art r1prtstnt1ttvea frOll fndustr1, 
govtrnll4lnt, research and 1afet1, acadtmta, and fndependtftt d111gn 
f tra1s, and who have a rock .. thanfcs background. 

EXHIBIT C 

Thts destgn review panel1 cons1sttng ot M111r1. 81rn1 1 fannacchton1, 
Mottahed, P1t1rs1n, St1h1, and Vtlaon (cha1nnan)

6 
convened tn 

Car1sbad, New Mexico, between S1ptembtr 11 and t , lttl, with the 
purpose of comp1et1ng a d111gn revtew or tht Room l, Panel 1, 
Suppltmentar1 Roo' Support S1st .. to fulfill the raqutr1ment1 of 
WlPP procedure WPOt-018, Dtstgn Yertf1catton. 

This report states the scope of the desfgn rev1ew presented to tht 
panel, descrtb11 the co11V1titt11•s review design checklt1t 1 hfgh119ht1 
observat1ons that have been td1nt1f1ed from th11 review process, and 
provides recoanendattons to Vestfn;house, Waste Isolation D1vts1on. 

llilf. 

The scope of th11 external des1gn r1v11w ~•• to corrrnent on the 
supp1ement1r1 roof support syst .. for Panel l, Roo• 1, 1n me1tin9 
Its design functton according to a11 requirements establtshed tn the 
Design Spectftcatton No. D-0017. S1nct the revfew panel was not a 
design team, their focus was directed to assess1n; the dtston 
presented by tht memb1r1 of the tn91n1ertn9 Otp1rt1ntnt of 
westtnghous1 Waste J5olatton Dtvtston. 

BE~l[)l DESIGN ~HECKLJST. 

The panel reviewed the Destin Spec Document (WPOl-018) and Design 
Spec 0-0087 (Suppl1m1nt1r1 oof Support for RoOfll I, Panel l), to 
f&mtltartte ft11lf with tht destfn vertflcat1on r1qutrement1. It 
was 91neral1y 19r11d b1 the pant that the suggested Ot119n R1vt1w 
Checkl1st, although co1pr1h1nsfvt, was not appropriate for the 
design rtvtew at ~and. Con11quent11. a new checklfst was developed 
by the pant1 ~embera and was used for 1sses1tn9 the d1st9n of the 
supplement1r1 root support for Room 1. Panel 1. 

Tht Review Dts1;n Checklist used for th1s project ts ;iven 1n 
Appendix 1. 

-1· 
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•. ~asEB'fAitOHs AHO ucauo&.nmts. 
After the rev•ew of tht dtsiyft 1&ttrtal presented by 111Rlbtrs of th• 
WIPP design tea•. the fo11o~ ng obs1rv1tlon1 hava been •adt by th• 
p•ne1. 

4.1 Anchor ~•11gn Lo1d1 

There 1s an 1nd1cat1on throughout tht dtstgn report that the rock 
anchors have been dtstvn•d to support the watght of a w1d91 of rock 
with a 9eometr1 defined b1 the shapa of th• SPDV ROOll 11 roof fall. 
Thts appears to bl 1ndtcated b1 the t1ghth bullet of Stct1on J.3.1 
(011f9n R1qu1r ... nt1 - Rock Mechanics) and b1 the fact that the 
1-.yout of anchor& shows a 1pactnt of tvo feet tn th• central regtoft 
of the ro011 and a 1pactng of \hrta feet towards the rtbs. Thart 
would appear to bt sonit dtfftculti11 vtth justtf11ng thts·typt of 1 
destgn criterion. F1rst, tht current roof prof11• of SPDV Room fl 
m1y not per1t1t for time pertods rtlev1nt to the RoOll 1 Pan11 J 
de1tgn. Bt the tilllt SPDY Room fl ts 12 1••rt old (i.e •• tft four 
years time), the extsttng c1ntfl1vertd wedgts tn the corners of tht 
roof might have dtttriorattd 1t9ntf1cant11, parttcutarl1 as th• 
adjacent pt11ar1 contt"u' to expal\d l1t1ra111 and drive tht ~•~ts 
inwards. Hence the detached roof proftl1, rtgutrtnJ support after 
12 1ears of room lift. could look 11gn1ficant11 d1f ertnt from tts 
prtteftt conft9ur1tion. Secondt th• staged method of development of 
Room 1, P1n1l 1 (Sit enclosed T1gurt) •toht result 1n tht 
development of a s•aller central root w1ag1 (1.e, tnttt11 roof 
shears detenatntd b1 th• tn1tia1 roo• 9eo~etr1) and assoetattd 
larger canttlevtrtd roof beams, with tht 1ttttr bttn' 1ess stable 
than th• sm&ll SPDV Room 11 cantf1evered sections. h1s cou1d 
result in th• roof bt1m of Room 1 Panel 1 breaking to a ver1 
dtfftrtftt profile than has been observed tn the SPDV roof fatlurt 
(sea f1gure). 

lt would appear scmewhat dtff1cu1t to defend the use of th• SPDY 
Room fl det111td profile, \h1refor1, ts tht d1sign bast1 for Room 1, 
Panel l. A mort dtftns1blt assumption would bt to design the rock 
&nchors to 1upport th• dead vt1ght of the full seven-foot-thick roof 
btam 1cro11 the •nttr1 width of the room. In tact th• curr1nt 
dts1gn appears to 1chitYt this, 1tnc1 the dead wa1ght of 1 roof beata 
stct1on of three-foot wtdth (i.e. anchor 1p1ctno near th• ribs), 
seven-foot depth, and 119ht-toot iangth (t.1., avera;t spacfng of 
ch1nnel seettons), ti about !3 k1ps, 1s1um!ftf 1 salt spectftc weight 
of 135 pcf. Jt ts rtco1M1end1d that 1t b1 exp11ctt1y statad in th• 
d1s19n report that tht roof anchor de1tgn w111 support a full w1dth 
7~foot thick salt beam, without txcetdtng tht ancho~ d11ign loading. 

4.Z &ncbor Sbear/BtnaJng Efftc1J 

Bullet 12 of Sectton l.S.l (Design Rtqu1rem1nt1 - Rock Mechanics) 
dtftnts the d1st9n condft1on for shear displacement at the Anh.Ydrit1 
•b• horizon as bt1ng 0.5 inches per 1e1r. This tmplt11 1 total 
design shear d11plactm1nt of 3.1 1nchts ovar the seven year 1tf1 of 

-z-



th• ro011. Bullet IO of th1 sue Hct1on st.tea \hat • 3-tnc" 
diameter ho1t wtll bt reamed to provfdt adequate c1taranct and 
prevent shur1ng of tht anchors. It h suggested that for the 
dta1gn condttfon, a 1tnt1U11 ho1t stze o' 4.l-1nch dfamettr wt11 bt 
r1quired to accOlllOdatt th• 1he1r dt1placements wtthout 111po1tn' 
shear and bendt~ 1ff1ct1 on the one-inch df &ll'llttr anchor. It s 
also rtconnendtd that add1t1ona1 ob11rv1tton ho111 bl tnstalltd, 
part1cu1ar1y ift tht vtcintt1 of the ribs wh1r1 1h1ar offsets art 
expected to be greatest. These holes would bt used to v1rlf1 that 
the holt stze ts adequate to avofd shear and btftd1ng of tht anchor. 

An a1ttrntt1ve approach could be to accept th1 posstbtltt, of 1h11r 
and bend1ftl at the Anh,ydrtt• •b• 11v11 wfthtn some of the anchors. 
Wh111 thh would not ntctuarn1 .-esult. tn unacceptable anchor 
perfor~anct, tt wou1d probab11 r11ult 1n aontt 1t1ldtn9 of tht anchor 
at thta loeatton and would therefore violate the de1tgn tntent vh1ch 
1s to kttp the anchors 1ub1tantfally below 11e1d. Jf thts latter 
optton ts adopttd, t\ ts r1c011nend1d that 1 set of ttst anchors be 
tnstalled ind loaded at approprtate loeattons tn an adjacent roOI. 
Observation ho1ts would 1110 be installed (partfcular11 near rtbs) 
1n both the RoOll 1 and tht adjacent room, and pertodie proot testtng 
of th• test anchors would bt conducted when observ1tton1 tndfcate 
that shearing and btndtn' of the anchors ta t1kfng plact. Til1s 
approach would provtd1 • thtr 1 valtdat1on of the design or an 
1nd1tat1on that rtp1ac11n1nt tnchors netd to bt 1nsta111d. 

In etthtr case, the design nott should exp1ic1t11 reconmend that the 
reamed sectioft of the anchor hole extend above the Anhydr1tt •b• 
horizon rather than reaming to a ftx1d depth ,,or example, based on 
the estimated location of the Anhydrite. The procedure for fttld 
d1t1rmin1t1on of the 1ocat1on of tht Anhydrttt tn each anchor hole 
should also be provided. 

4.3 Ancbor loshllat1gn Qua] tty Coatrol 

The design report 1tat11 that each installed anchor wt11 be tested 
to 1.33 ttme the design load, 11 part of the tnstallatton qu111t1 
control procedure. It ts r1coD1Dend1d that constderatton be gtven to 

, ., including caualtty control tHttng of the restn/rockult bond, cfurtng 
bolt tnst111attoft. Tht1 t11t1ng cou1d b1 conducted in an adjacent 
room, ustng the sa11t mattrtals and tnst111at1on t1chntques, during 
tnst1llatton of the support 1n Room J, Pant1 1. Ont bond test for 
every 30 to 10 tnstalltd anchors could be performed. Tht bond 
len~th.of the teat anchors would bt established so as to pt1'11tt 
loading to typ1ca111 \w1ct the dtatgn bond stress, wtthout yf11d1ng 
th• test bolt. Thta wou1d provtdt additional assurance that th• 
anchors will perfol"I 1at1at1ctortl1 11nc1 unctrt&intiea re11ttd to 
the bond strength art usu1ll1 con1fd1r1d htgher than ~ould bt 
suggested b1 a load t11t to J.33 ti~ts the 



4.4 

4.5 

' . 

11',, 

·ttt· 
dts1gn 1oad. In order to ensure that creep ot the anchor Is lilt aa 
tssua, tht d1119n load should bl l•&• than i1p1call1 half the 
u1ti•1t1 bond eapactty. Thia should be dt90nstrattd by a 
supp1ec1ntar1 1nstalldton qu1Ht1 control p~rM of the ft·a 
su99uted abOve. ~:~t.•f~:y 1 
T11Hna.1l)d JonttQ.c2~ · · 

The proposed t11t1ng and .onttortftt prograa ts cons1dertd 1•nertll1 
adequate. As aottd elsewhere, however, tt b r1e011Mndtd hat 
addtt1ona1 vtsua1 obaerva\ton holes bt installed to 110nttor tie 
development of shear offsets wtth1n the tllltdt1t1 roof, parttca1ar11 
1n ra1atton to th• pot1nti11 1mp1ct1 of au" sheartftl on the reel 
anchor ptrfor11nc1. It ts also anticipattcl that such shear119 
~1th1n th• roof wi11 result 11 th• destruction of 11v1ral 
1nst,,,..nt1 fnstalltd 1n tht1 area. Since tt ts considtrtd ~t 
such 1nstrumentatton '' n1c1ssar1 to eonftor th• perfora1nca ... 
11fet1 of the fac111t1 <•·I·• potantta1 stp&ratfons a1ont the 
Anhydrtte •a• horizon), 1t 1s suggtsttd that a co111tt11ent bt .... to 
repl1c• that tnstru"'ntatton whtch f 1 p1r1odically dtstro1ed dlriftl 
the operation of the test rooe. 

Siatua 2f tliJt1na B•Sntorctttnt.tn 8009 J. P1oeJ l 

The existing r11nfortement fft the test room consists of 
mtchan1ca111·1nchor1d bolts, lO·fttt 1onJ• on a 4·foot by S-foot 
patttrft. Tht bolts have been tnst1ll1d or about three years, lrtd 
the iftsta1ltd 1nstrumentatton w1thin the factlfty at 11111 s~ts 
that tht 1xt1n11on of tht bolttd zone wt11 be on tht order of l inch 
ptr 111r. Testing nttds to be perforetd to indicate the aver~ 
extension of a 10 foot long bolt pr1or to fttlurt. This wtll 
provtd• an tndtcatfon of the 111pstd \f .. between bolt 1nst111at1on 
and the occurrence of fat1Yrt. Such fat1urts wou1d bt axpectld to 
occur explos1v1l1 and post • stgniftcant safet1 hazard. 

There art several potentta1 approaches for dealing with th1s 
probl••· One ~•thod would be to dts19n a restratntn1 aat that c.n 
bt demonstrated to absorb tht tapact of a failing rock bolt, lad 
retain tht bolt fro1 1Jecttnt explostv1l1 froa tts hole. 
Infol'ltatton to d1tt0nstratt t~at the proposed expanded .. tal/Wirt 
mesh s11t1m wt11 1d1quat111 fulfill thts functton1 has not beta 
presented. A second tntthod would bt to unlo1d tne extsttnt bolta 
concurrent with 1n1ta111\ion of the nav support syst••· Thts c:euld 
bt saf111 1cht1ved by r1mottl1 Jacking tht bolt to induct sufflcttnt 
pervia~ent set to rt~ova the bolt loaf, and subsequently rtmovt111 \ht 
nut 1nd t1ce-plat1 fro9 the unload1d D01t. Stnct thtrt ts the 
potential for ftilfftg the bolt during tht Jackfnt optrtt1oft. i.ts 
phast of the process would be conducted remotely, 11111nat1~ tit 
potential for 1nJur1. Tht bolt ttstlf ~ould rema1~ tn the hole but 
w~uld develop no further loading. A third .. thod would be to t•Ject 
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• I Cll'lent1tiOUI Of ftSift gro~t 10 th&t fatlurt O~ tht. boftdtd bolt 
would not occur 1xp1os1vt11. Th11 1a1t a1ttF'lattvt •1tht ftOt be 
vt•b11 wtthtn the teat roo. 11 tt ts under1tood that tht ho1• 
annulus hu been ftlltd •1th a s'11~0.n1~'JH~ ·r: .•.•..• 
eossJBtE .fLOOR HEAV£ tJ(Q PILLAR SlABBJ .• ~~"'f'. "-· .•... 

The supp1tlll8nta1 support d1it9n for Rooa l, 'ane1 1 has b1stcall1 
dealt with the ~eak11t 1fnk contrtbuttnt to the roo1 tn1tabl11t1. 
In addttton to the roof problt•, there are other contrfbu\tftf 
elementt, which tdattttd11 wtth 1111 t1Pactl ft1Ytrth11111 could have 
rep1rcuss1on1 tn tht op1r1tton of the te~t r1ctlttft1. 

It 1s tht optnfon or the panel that, at thfs 1t19e of the destgnf tt 
ts prudent lo tnitiat1 1o.e 11t11ur11 to counteract the ut.destrab t 
effect of two 1ddttton1l po111ble hazards, n~11, f1oor heave end 
the sl1b dtt•ehmtnt frOI tht bast of th• p1111r. 

I• .£] DDC.bHYL. 

Although the bin• wt11 bt situated on pedestals capable of 
adjustment to 1ccormnodat1 12 fnch1s of tht floor iaovel\lnt, no 
provt11ons beyond thta 119n1tudt of floor heave have been 
tncorportttd tn the suppltlftlntal support destgn. Tht previous 
1xp1rtenc1 from othtr areas of the ~tnt suggest the floor 
buck1fng which has n1c1satt1t1d the uttlizatton of the floor 
machining. Although such an op1r1tton ta prohfb1tfvt after the 
bfn emp1acemant, other 11easur11 prtor to bfn placement (for 
examplt, the floor a1ott1ng and f1111n; the slots wtth an 
expandable m1t1rtal) would counteract tht evantua1tty of tht 
floor he1v1 (however remote ft eight bt). 

b. poss1b1lttx of.Jl•b dttacbmeoj. 

Tht presence of '1t11aetous salt about on1 to two feet above the 
floor, 1t;ht tend o enhance 111bbtnf tn this area. The 
prov1stons for count1r&ctfn9 this ef tct at the top of th• pt11ar 
has been 1ad1 b1 exttndtnt tht wtr1 .. ,hfng to the seven feet 
above the floor. Jn order to 1tn11tz1 such nutaanct 1ff1ct1 from 
posttblt sidt s11bbtn9. ti ts rtc011mend1d that the wtre meshtn1 
b• extended to tht floor of tht optnfng. It must be noted that 
the cost and tht co~1etton ot such a task requtres •fnf~um time 
and effort. 

. ·S-
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Repeated 1t1temtnt1 are •concerning the uttltzatton ot 
;eotachn1cal 1nfo1'9&\t ·· · · · . rtrt1 the perrorunca of *-- ... 
dest;n during a 11ve..-: . . •. However, no trwHcatton1 are 
g1ven as to how thf 1 tn or.. ton wtll bt analyzed and reported. 
Also, th• crtterta for d1tenatn1ng the success or faflurt of the 
support systt1 has not b11n addressed. Vt bt1ttve th••• crtterfa 
tf ther already txtst o, wfll be develoeed durtns the 1x1cutfon of 
the das1gn. Therefore. why not td1nttr1 these crtttrta 11 part of 
the destgn at1t1 .. nt. 10 that clear. well dtftned actton potnts wt11 
bt known to all phases of the op1r1tton. 

wiuas! MIGMrION OF DtI•lalEO ~~PG( ABOVE THE ANHYDRITE ••• 

In the unltk1l1 event that th• detached wedge •'1 •fgratt above tht 
Anl\1drf t1 ·~· horizon, alternattvt suppl~ntat support 1ystt1s 111 
be needed to assure Rooe 1, Panel 1 1t1btltt1. Jt fa ther1tor1 
crtt1ca1 that the Anhydrite •a• horizon bt cont1nuously inonttored to 
1ssur1 tha stab11tt1 of thfa untt. 

4.1 MQCK-UP TESTJNG. 

The proposal to •stablish a 110ck·up·testtn9 prograa ts corMtend•blt 
and ~fll play an 1inportant part tn te1tfn9 support t1chntqu1 to be 
adapted as well 11 1ssf sttn9 tn the dev11opment of tnstallatfon 
procedures to be ustd 1n Roo• l, Panel J. It should be 1n1ur1d that 
mock·up tests take place before the actual f•p1tmentatfon of the 
supplemental support techniques proposed for Room 1. Panel 1. 

5. CONCLUSIONS AND BECOHHEHDATlQHS. 

The des1gn r1v11w panel has followed the dest;n crtter1a 1stablish1d 
to evaluate the supp111Dtnt1l support 1y1t111 proposed for Room 1

1 P1n11 1. Tht panel has concluded that th• dastyn aeets the 
requirements '-rt11nt1d. th•t ts, Room 1. Panel , can be expected to 
provtdt 1 useru1 ltft of at 1t11t seven 11ars froe the tt .. at whfch 
tht prcpostd ground sup~ort dta1gn 11 tnstalled. Moreover. the 
destgn ts tcctptab1t an~ meets the r1qutrement1 tstab1ishtd tn tht 
WIPP Design Spec document WP00·090lt, Des1gn Yer1ftcatton. Jt 11 
considered, however. that the recoanend1ttons offered by the panel 
w111 enhance the overall dtatgn. 

Tht W1sttnghou1e. W11t1 Jso1atton Dfvf ston. can be con9r1tul1t1d for 
th1tr thorough dist!" ot the support system. The r1vt1w p1n11 woyld 
1Skt to thank the WPP for thetr cooperat1on and d1monstr1t1d 
professional hm. 
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P1n1l H1mbtr1 

~· . ,:·. )t~ Dr.Joh~-n 
' 

&r. Parv1z AOttahtd 

Respectfully subcattted, 

~.~4 
Dr. John V11 so~rmal\ ~ 
September 11, 1991 
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P01£NTIAL SECONDARY CANTILEVERED 
WEDGE FAILURE IN ROOM 1, PANEL 1 
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>QTENTIAL INITtAl FAILURE ARCHX"' ,,,"" 
N ROOM 1, PANEL 1 .,,,...,,,.. .,,,...,,,,,, ,, / ,, / ,, ,,, 

/ / ,,,. ,, ,, / ,, / 
/ / ,, / 

SUBSEQUENT 
ROOM WIDENING-. v 

GENERALIZED EXJSTING 
ARCH GEOMETRY IN 
SPOV ROOM #1 
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ANHYDRITE 
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PAHEL -~i~~J~~CKLISI 

I lTEM REYIEV CONSIDERATION YES REMAAKS 
.:~tt·f I Has the history of the ~•n• x 

stabtltt1 at WlPP to date 
been adequately atudttd 10 
that 1xp1rt1nc11 have been 
pro,1rl1 uttltztd tn the 
dea 1n ot sulp11111nt1r1 
support for OOll l, Pant1 lf 

Ara the obJtct1v•• and l 
des1gn requtr1ment1 for 
Rooa l, P&ntt 1. cl1ar11 
d1ftn1d and con11st1nt? 

Art the assumpttons 'ade 
1n tht support systttD 
design 1cc1pt1bl1? 

-·1'4$ 

4 Is the d1i1yn pre11nt1d x S11 Stct,ons 
con1tst1ft\ n meeting &.J, 4.1, 
the objecttv11 given 4.J. 4.5 
ear1itr7 

I Have the geotachntcal con-
siderations been covered 

l 

1n the Rock Mechanics 
design to ine1t tha obJtc· 
ttves of tht prograa? 

' Are the ca1cu1attons re- l 
gardinl tht dts19n ot tht 
suppor founded upon 
r1ason1b11 assu1pt1ons? 

7 Is the pro,011d 1natru· x See Sectton mantation or th• ~easurt· ,.4, C.7. •.8 mint of dtsplaeements ot 
bolt loads sufffct1nt, 
both 1ft number and 
according to 1nstallatton 
procedures? 

8 ls the accura~y of support x 
insta11at1on/and tnstrumenta· 
\ion mon\tortng, cons•sttftt 
with the requirements for 
this supplemental su~port 
program for Room 1, anel 11 

-8· 



SUMMARY OF SUPPLEMENTAL AFFIDAVIT OF 
LOKESH CHATURVEDI, PH.D. 

Lokesh Chaturvedi has been the Deputy Director of the 

Environmental Evaluation Group ("EEG") in Albuquerque, New Mexico 

since March 1988 and has been employed at EEG since 1982. (! 2). 

Dr. Chaturvedi discusses his assessment of the effect of a 

roof-fall in an underground WIPP room with bins containing 

transuranic waste. (! 7) DOE has failed to thoroughly analyze 

the consequences of a severe roof-fall, despite the fact that EEG 

has told DOE that such a fall should be analyzed. (! 8) 

A severe collapse has a high probability of producing: {l) 

release of radioactivity, (2) an explosion which will disperse 

radioactive matter, and (3) contamination of the underground 

facility. (! 9). It will be extremely difficult and expensive 

to clean up the contamination caused by such an accident and will 

prevent the WIPP from being used as planned for an indefinite 

period. (! 10) 
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STATE OF NEW MEXICO ) 
) ss. 

COUNTY OF BERNALILLO ) 

AFFIPAVIT or LOQSH CUA'l'URVEQI, Ph.D. 

I, Lokesh Chaturvedi, Ph.D., do hereby depose upon my oath 

and state as follows: 

1. My name is Lokesh Chaturvedi and r reside in the City 

ot Albuquerque, county of Bernalillo, state ot New Mexico. 

2. I am employed as the Deputy Director of the 

Environmental Evaluation Group ("EEG") and have been so employed 

since March 1988. From June 1982 to March 1988 I was employed 

by EEG as senior En9ineerinq Geoloqist. Before joining EEG in 

1982, r was a tenured Associate Professor of Geoloqical 

Enqineering at New Mexico State University in Las Cruces, New 

Mexico. 

3. As detailed in my resume, a copy of which is attached 

hereto as Exhibit A-1, l received a Ph.D. in Geoloqical Sciences 

from Cornell University in 1969, a M.S. in Civil Enqineering 

from Purrtn~ nnivPrsity in 1.965, a M.Sc. in Applied G:oology fro:m 

University of Roorkee in Roorkee, India in 1963 and a B.Sc.in 

Geology, Physics and Mathematics from Maharaja's Collaqe in 

Geology, Physical Geoloqy, Geology for Engineers, Introduction 

to Geol09ical Engineerinq, Site Investiqation, Engineering 

Geology, Subsurface Exploration, Environmental Geology, 

Hydrogeolo9y, Soil Mechanics, Rock Mechanic&:, Geomorphology and 
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Geoloqical Oceanography at both undergraduate and graduate 

levels. Since 1968, .I ho.ve o.uthored or coauthore<l ~C5 published. 

research papers on the subjects of Radioactive Waste Disposal, 

Remote sensing, Geothermal Hydrology and Mechanical Properties 

of Roc.ksp I have performed several funded research projects in 

site evaluation, 9eothermal hydrolOCJY and nuitispectral renote 

sensinq and I have performed several professional consul ting 

projects in the areas ot hydroqeoloc;iy, subaurface exploration, 

enqinaaring mat.erials and nuclear waste dicposal site 

investigation. I am a member of the Geoloqical Society of 

America, American Geophysical Onion, American Society of Civil 

Engineers and International Association of Enqineerin9 

Geologists and have chaired a number of technical sessions at 

national and international professional society meetings. 

4. The State ot New Mexico established EEG in 1978 t:.o 

provide independent technical .evaluatio11 of tbe W"ste Isolation 

Pilot Plant ("WI?P") located near Carlsbad, New Mexico. The 

United states congress provides ioot federal fundinq for EEG 

through appropriations to the U.S. Department of Enerqy ("DOE"}. 

EEG has off ices in both Albuquerque and Carlsbad. In addition 

to multi-di&ciplinary technical evaluation of the project, EEG 

performs independent environmental monitoring of air, water and 

au.a, hut~h on-site at Wll'P ana 1n surrounding communities. 

5 _ Since 1979, EEC ha.a published •a EEG R~pu.L·Ls a.nd many 

~ther papers dealing with scientific and technical aspects of 

2 
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WIPP. I have read and am generally familiar with the contents 

of all of these published EEG Reports. 

6. I personally have visited the WIPP site on about SO 

occasions includinq about 40 underground inspections. 

7. I provided an affidavit to the Attorney General of the 

state of New Mexico on September 21, 1991 that contained my 

assessment of various scientific and technical aspects of the 

WIPP Project. The Attorney General has requested that r provide 

this additional affidavit in order to retl~at my A~sessment of 

the effect of a roof-fall in an underground WIPP room with bins 

r.nnt.1t t n i nl)' transuranic waate for exparimonto. I h.11vo boon 

inforlled by the Attorney General that my opinion will be used to 

.respond t.n t.hP nRRPrtion in the brief filed by tha fad.oral 

government that the State has failed to describe how it would be 

.i.uj 1.ue..l !t the root ot a WJ.1'.11' t:.est: room coJ.J.apsea. (Defendants' 

MemorandUm in Opposition to Plaintiffs 1 Motion 1·or Preliminary 

Injunction, at 32). 

8. The EEG has criticized the DOE for failure to analyze 

the consequences of a severe roof tall in the Final Safety 

AnGlysis Report Addendum addressed to the dry bin-taet£. Tho 

matte~ h«ZJ still not been rP.AnlvArl t.n nnr iraath1faction. Tbe EEG 

has told the DOE that a roof fall involving multiple bins is a 

credible accident and must be analyzed. (See EEG letter to DOE, 

Auqust 9, 1991). DOE has not qenerated the data necessary to 

precisely calculate the effect of such an accident. In the 

3 
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absence ot specific information, such as the impact resistance 

of the bins and the attachments, I ~m providing my best 

judg&ment as to what may be the outcome of such an accident. 

9. At its full capacity, Room l, Panel 1 at the WIPP will 

contain 79 bins, eaplaced for experimental purposes and 

containing transuranic radioactive waste, and if the room were 

to experience a roof fall similar to the one which took place on 

February 4, 1991, in Sl>DV Test Room 1, when a block of rock salt 

weiqhinq in excess of 1000 tons tell, the following consequences 

are highly probable: 

a. Release of radioactivity. The test bins are aild 

ateel containers and are not designed to withstand significant 

impact such as miqht be imparted by a major roof-fall. The 

occurrence of a roof tall is almost certain to rupture many bins 

and cause the aiPpersion of the contents. The contents of WlPP 

waste containers, in accordance with WIPP waste Acceptance 

Criteria, may be as much as it free liquids and 1% respirable 

matter. Thus, a bin may contain si9nificant quantities of 

radioactive liquids and dust particles, some of which would 

probably be expelled when a bin breaks open. 

b. .t:xpJ.osion. The qases generated by corrosion and 

microbial action in reaction with transuranic waste are hydrO<Jen 

and methane, which are explosive. The EEG has specifically 

stucU~d the flaltllllability of waste-generated qases. If the bins 

cannot be actively monitored and purged, the violent breakage of 

4 



""' 

'""' 

one or more waste bins in an area surrounded by electrical 

apparatus may cause fire or explosion, further dispersing 

radioactive matter. 

c. Contamin6.tion of the under9roum3 facility. The 

entire underground WIPP facility is ventilated to the surface by 

large fans capable of moving 400,000 cubic teet per minute of 

Ai~. Wlu:u "'untinuous air uonit:.ora (CAM'&) detect radiation, 

ventilation is not stopped but, inatead, shifted to a filter 

system, which is designed to trap radionuclides. Hovever, the 

entire underground facility and eXhaust shaft "downstream" of 

th~ room wj th root-fall and "upstream" of the fil~ers would 

become contaminated by radioac~ivity released by ff rnnf fftll. 

10. It would be extremely difficult and expensive to clean 

up the gross contamination of the underground WIPP facility 

caused by such an accident. The result of a large roof fall on 

a bin-filled room that has not been closed off for permanent 

&toraqe wnnltf r.reate a situation \Thoro tho WIPP faeilit:ii?=~ ha.ve= 

been contaminated with radioactivity but cannot be used as 

planned, for an indefinite period. 

I declare under penalty of perjury that the foregoin9 is 

true and correct to the best of my knowledge. 

Executed: 12 November, 1991. 

LOXESH CHATURVEDI, Ph.D. 

5 
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LOKESH CHATURYEDI 
5401 Vista Lejana N.E. 
Albuquerque, New Mexico 
(505) 292-2140 home 
(505) 828-1003 office 

PRESENT POSITION: 

87111 

Deputy Director 
Environmental Evaluation 
7007 Wyoming Blvd. N.E., 
Albuquerque, New Mexico 

Group 
Suite F-2 

87109 

Responsible for an independent technical evaluation of the Waste Isolation 
Pilot Plant (YIPP) - the first planned deep geological repository for 
radioactive waste in the US - as part of an interdisciplinary team of 
scientists and engineers. 

SUMMARY OF PROFESSIONAL EXPERIENCE 

Teaching: Have taught courses in Introductory Geology, Physical Geology, 
Geology for Engineers, Introduction to Geological Engineering, Site 
Investigation, Engineering Geology, Subsurface Exploration, Environmental 
Geology, Hydrogeology, Soil Mechanics, Rock Mechanics, Geomorphology and 
Geological Oceanography at both undergraduate and graduate levels. 
Research: Have published research papers in Radioactive Waste Disposal, 
Remote Sensing, Geothermal Hydrology and Mechanical Properties of Rocks. 
Have performed several funded research projects in site evaluation for 
radioactive waste disposal, geothermal hydrology and multispectral remote 
sensing. 
Consulting: Have performed several professional consulting projects in the 
areas of hydrogeology, subsurface exploration, engineering materials and 
nuclear waste disposal site investigation . 

EDUCATION 

Ph.D., Geological Sciences, 1969, Cornell University, Ithaca, NY. 
M.S., Civil Engineering, 1965, Purdue University, Lafayette, IN. 
M.Sc., Applied Geology, 1963, University of Roorkee, Roorkee, India. 
B.Sc., Geology, Physics, Mathematics, 1960, Maharaja's College, Jaipur, 
India. 

PROFESSIONAL EXPERIENCE 

Deputy Director, Environmental Evaluation Group, Albuquerque, NM, March, 1988 
to present. 

Senior Engineering Geologist, Environmental Evaluation Group, Santa Fe, NM, 
June 1982 to March 1988. 
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PROFESSIONAL EXPERIENCE (Cont.) 

Lokesh Chaturvedi 
Page 2 

Associate Professor in Geological Engineering, Departments of Earth Science 
and Civil Engineering, New Mexico State University, Las Cruces, NM, September 
1976 - May 1982. 

Assistant Professor in Geology, City University of New York, Hunter College, 
New York, NY, September 1974 - June 1976. 

Senior Lecturer in Engineering Geology, Department of Civil Engineering, 
Indian Institute of Technology, New Delhi, India, September 1969 -June 1974. 

Visiting Assistant Professor in Geological Engineering, Michigan 
Technological University, Houghton, KI, January 1969 - June 1969. 

Research Assistant, Yater Resources Research Institute and the Department of 
Geological Sciences, Cornell University, Ithaca, NY, January 1968 - December 
1968 . 

Visiting Research Scientist, National Energy Authority of Iceland 
(Orkustofnun), Department of Natural Heat (Jardhitadeld), Reykjavik, Iceland, 
June 1967 - December 1967 . 

Teaching Assistant, Department of Geological Sciences, Cornell University, 
Ithaca, NY, September 1965 - June 1967. 

Research Assistant, Multispectral Remote Sensing Research Project, Department 
of Soil Science, Purdue University, Lafayette, IN, January 1965 - May 1965. 

Teaching Assistant, Department of Engineering Geology, Purdue University, 
Lafayette, IN, September 1963 - December 1965. 

PROFESSIONAL SOCIETY AFFILIATIONS 

Memberships: Geological Society of America 
American Geophysical Union 
American Society of Civil Engineers 
Association of Engineering Geologists 
Assoc. of Groundwater Scientists and 

Engineers 
New Mexico Geological Society 

Committees: Corresponding Member, Committee on Groundwater, American 
Society of Civil Engineers, 1982 - present. 

GSA Representative, Joint ASCE-GSA-AEG Committee on 
Engineering Geology, 1984 - present. 

Member, International Association of Engineering Geology 
(IAEG) Panel on Engineering Geology Research In USA, 
1984 - 1985. 
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PROFESSIONAL SOCIETY AFFILIATIONS (Cont.) 

Lokesh Chaturvedi 
Page 3 

Convenor and Chairman, GSA Symposium on Geologic Disposal 
of Radioactive Wastes, Geological Society of America 
96th Annual Meeting, Indianapolis, IN, November 1983. 

Member, Technical Program Committee, International 
Association of Engineering Geology (l.A.E.G.) 

Symposium on Hazardous Waste Disposal, Winston-Salem, NC, 
October 1985. 

Co-chairman, Session on Environmental Geology, Geological 
Society ofA.merica, lOOth Annual Meeting, Phoenix, AZ, 
October 26 - 29, 1987. 

Member, Program Committee, International Conferences on 
High-Level Radioactive Waste Management (ASCE/ANS), 
1988. 

Co-Chairman, Symposium on •site Characterization for 
Radioactive Waste Remediation and Disposal,• 28th 
International Geological Congress, Washington, D.C., 
July, 1989. 

U.S. Delegate, INTRAVAL (International Validation of 
Hydrologic Models) Workshop, Cologne, Germany, 
October 15-19, 1990. 

U.S. Delegate, Organization for Economic Cooperation and 
Development/Nuclear Energy Authority (OECD/NEA) 
Workshop on Site Evaluation and Design of Experiments 
(SEDE '90), Paris, France, October 22-24, 1990. 

SELECTED PRESENTATIONS 

Several invited presentations at the Radioactive and Hazardous Material 
Committee of New Mexico Legislature, Governor's Radioactive Waste Consultation 
Task Force, Universities, National Academy of Sciences, and Public Forums plus 
the following Congressional Hearings: 

Testimony at the Joint Hearing on WIPP before the Subcommittees of the 
Committee on Energy and Commerce and the Committee on Interior and 
Insular Affairs of U.S. House of Representatives, Kay 8, 1990. 

Testimony at the Hearing on WIPP before the Environment, Energy, and Natural 
Resources Subcommittee of the Committee on Government Operations of 
U.S. House of Representatives, June 12, 1989. 

Testimony at the Hearing on WIPP before a Subcommittee of the Committee on 
Government Operations of U.S. House of Representatives, September 13, 
1988. 
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PUBLICATIONS 

Lokesh Chaturvedi 
Page 4 

Chaturvedi, L. and J. K. Channell, Issues in Evaluating Long-Term Risks from a 
Nuclear Waste Repository - The Experience of WIPP, accepted for 
publication in the Proceedings, 1991 Joint International Waste 
Management Conference, ASKE/ANS. 

Channell, J. K., Lokesh Chaturvedi and R.H. Neill, 1991 Human Intrusion 
Scenarios in Nuclear Waste Repository Evaluations, invited paper, 
Proc., International High Level Radioactive Waste Management 
Conference. (ANS/ASCE), vol. I, pp. 308-312. 

Neill, R.H. and Lokesh Chaturvedi, Status of the WIPP Project, accepted for 
publication in Proceedings, Waste Management '91, University of 
Arizona. 

Chaturvedi, L., 1989, Evaluation of the DOE Plans for Radioactive Experiments 
and Operational Demonstration at WIPP (EEG-42), DOE/AL/10752-42, 
September 1989, 44 p.+ App. 

Neill, R. H. and L. Chaturvedi, 1989, Technical and Programmatic Evaluation of 
WIPP, in R. G. Post and M. E. Wacks (eds.), Waste Management '89, Vol. 
l, pp. 253-259. 

Chaturvedi, L., J. K. Channell and J. B. Chapman, 1988, Potential Problems 
Resulting From the Plans for the First Five Years of the WIPP Project, 
in R. G. Post and M. E. Yacks (eds.), Waste Management '88, Vol. 2, pp . 
355-364. 

Chapman, Jenny B. and L. Chaturvedi, 1988, Lithologic Control on the Hydrology 
and Water-chemistry of the Permian Rustler Formation in the Vicinity of 
the WIPP Site, Southeastern New Mexico, (abs.), Geol. Soc. of America 
1988 Centennial Abstracts With Programs, p. A365. 

Chaturvedi, L. (ed.), 1987, The Rustler Formation at the WIPP Site, 
Environmental Evaluation Group Report (EEG-34), DOE/AL/10752-34, 
January 1987, 70 p. 

Channell, J. K., L. Chaturvedi and J. B. Chapman, 1987, Modeling of 
Radionuclide Transport in the Rustler Formation, Southeastern New 
Mexico, (abs.), EOS, Vol. 68. No. 16, p. 318. 

Chaturvedi, L., et. al., 1987, Performance Assessment for a Nuclear Waste 
Repository--The WIPP Experience, in R. G. Post and M. E. Yacks (eds.), 
Waste Management '87, Vol. 3, pp. 141-145. 

Chaturvedi, L. and J. B. Chapman, 1986, Geological issues in the siting and 
construction of a nuclear waste repository, Geol. Soc. of America, 96th 
Annual Meeting, Abstracts Vol., p. 563. 



PUBLICATIONS (Cont.) 

Lokesh Ghaturvedi 
Page 8 

Chaturvedi, L., C. G. Keyes, Jr., C. A. Swanberg and Y. P. Gupta, 1978, 
Potential for Geothermal Desalination in New Mexico, Transactions, 
Geothermal Resources Council, Vol. 2, pp. 91-94. 

Lovelace, A., K. White and L. Ghaturvedi, 1977, Landslides in New Mexico, 
Proceedings, 15th Annual Engineering Geology and Soils Engineering 
Symposium, pp. 341-351. 

Chaturvedi, L., 1977, Shallow Thermal Surirey as a Tool for Geothermal Site 
Selection (abs.), Proceedings, Association of Engineering Geologists, 
20th Annual Meeting, Seattle, YA. 

Chaturvedi, L. and B. C. Raymahashay, 195, Geological Setting and Geochemical 
Characteristics of the Parbati Valley Geothermal Field, India, 
Proceedings, 2nd U.N. Symposium on the Development and Uses of 
Geothermal Energy, Vol. I, pp. 329-338. 

Chaturvedi, L., B. Lal and S. Chockalingam, 1974, Arid Zone Terrain Evaluation 
for Engineering Purposes, Report of Research Defense R&D Organization, 
Government of India, New Delhi, 150 p. 

Raymahashay, B. C., and L.Chaturvedi, 1974, Regional Geology and Geochemistry 
of the Manikaran-Kasol Geothermal Area, India, Proceedings, 
International Symposium of Yater-Rock Interaction, Praque, 
Czechoslovakia, pp. 223-229. 

Chaturvedi, L. and R. Puri, 1973, Assessment of Dynamic Stability of Some 
Quartzites and Sandstones, Proceedings, Symposium on Rock Mechanics and 
Tunnelling, Silver Jubilee Session, Indian Geothechnical Society, pp. 
191-199. 

Chaturvedi, L., 1972, Structural Interpretation of Shallow Thermal Surveys in 
Iceland, Proceedings, 24th International Geological Congress, Section 
9, pp. 174-196. 

Chaturvedi, L., 1971, Geothermal Power, Science Today, pp. 13-17, November 
' ' 1971. 

Chaturvedi, L., 1969, Geological Structure and its Effect on the Geothermal 
Hydrology of Southwestern Hreppar, Iceland, Ph.D. Thesis, Cornell 
University, Ithaca, NY. 160 p. 

Chaturvedi, L. and G. Palmason, 1968, Interpretation of Infrared 
Imagery of Myvatn Area, Iceland, Bulletin, National Energy Authority, 
Reykjavik, Iceland, 22 p. 



SUMMARY OF AFFIDAVIT OF 
EUGENE P. COYLE, Ph.D. 

Dr. Coyle is an economist who concentrates on energy and 

resource economics. (~ 1). Dr. Coyle is familiar with many of 

the economic issues surrounding the WIPP and served as an 

economic expert in a prior suit involving the WIPP. In that 

case, Dr. Coyle stated that both the direct and indirect costs of 

a delay in the WIPP project, as estimated by the WIPP Project 

Manager, were "overstated, speculative and inconsistent.'' (~ 8-

9) • 

Dr. Coyle concludes that the present claimed cost of the 

WIPP for construction of $1.l billion total and $13 million per 

month for operations cannot be supported on the basis of Admin. 

Rec. IV V, as asserted by the Defendants in their Memorandum in 

Opposition. (~ 11) . The actual cost of operating the WIPP per 

month is much less than the Defendants' estimate. (~ 16). 

Further, a July 1990 report by the Inspector General of the 

Department of Energy concerning the DOE's Response to Delays in 

the Opening of the WIPP reveals that as early as April 1989 the 

WIPP facility was being operated as if radioactive waste was 

being stored when in fact there was no waste on site. The DOE 

has developed no plans to minimize the cost of operating the WIPP 

during delays. The DOE has not reduced operational expenditures 

during the period of delay but has, in fact, increased the number 

of positions. (~~ 17, 19, 22). 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 
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Plaintiffs 

v. 

JAMES WATKINS, SECRETARY OF 
THE DEPARTMENT OF ENERGY, MANUAL 
LUJAN, Jr., SECRETARY OF THE 
DEPARTMENT OF INTERIOR, 
DA VE O'NEAL, ASSISTANT SECRETARY 
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BUREAU OF LAND MANAGEMENT, 
UNITED STA TES DEPARTMENT OF ENERGY 
AND UNITED STATES DEPARTMENT OF 
THE INTERIOR, 

Defendants. 

County of Marin ) 
) SS. 

State of California ) 

AFFIDAVIT OF EUGENE P. COYLE 

I, Eugene P. Coyle, under penalty of perjury, state as follows: 

1. Since 1974 I have been a consulting economist with a focus 
on energy and resource economics. My present business address is 
433 Town Center, Suite 702, Corte Madera, California 94925. 

2. In the course of my practice, I regularly study problems 
with construction programs and projects under consideration for 
investment. I analyze accounting reports such as balance sheets, 
budgets, cash flow projections and income statements. 
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3. In this affidavit I provide my opinion regarding the cost of 
the WIPP and its monthly budget. 

4. As detailed in my Statement of Qualifications, a copy of 
which is attached hereto as Exhibit A, I earned a B. A. in Economics 
from Providence College in 1954 and a Ph. D. in Economics from 
Boston College in 1969. I also took graduate courses at New York 
University, including a course in Financial Accounting. 

5. From 1962 to 1964 I was employed as an analyst by a 
private bank on Wall Street, Brown Brothers Harriman & Company. 

6. From 1966 to 1974 I taught Economics and Finance full 
time at Emmanuel College, Boston, the University of Miami, Florida, 
and St. Mary's College of California. Since then I have taught part 
time. In 1989 I taught both graduate and undergraduate courses at 
the University of La Verne in Naples, Italy. My teaching includes 
courses in Economic theory, Money and Banking, Finance and 
Advanced Corporate Finance. 

7. I have testified as an expert witness before Utility 
Commissions or Administrative agencies in 22 states and 1 U. S. 
territory. I have also testified before the U. S. House of 
Representatives, and the legislatures or agencies of California, 
Kentucky, Nevada, Rhode Island, North Carolina, and Oklahoma. I 
have previously testified as an expert witness for the U. S. 
Department of Justice, in U. S. DISTRICT COURT, Sacramento 
California, U. S. vs 566.08 acres et. al., Civ S-80-305 PCW, August 
1986. 

8. I am familiar with many of the economics issues 
surrounding the WIPP because I filed Affidavits as an economic 
expert for the plaintiffs in Southwest Research and Information 
Center. Inc. et. al. v. The United States Department of Energy et. al. 
(D. C. N. M. No. 81-537-JB) 

9. In that case I stated in an Affidavit that both the direct and 
indirect costs of a delay in the WIPP project, as claimed by the 
Project Manager, WIPP Project Office, were overstated, speculative, 
and inconsistent. 

10. The views and opinions set forth in this affidavit are my 
own, based on the following material made available to me: 
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a. Memorandum m Opposition to Plaintiffs Motion For 
Preliminary Injunction. 

b. Department of Energy, Office of the Inspector General, 
The Department's Response to Delays in the Opening of the Waste 
Isolation Pilot Plant, (Release date: July 17, 1990.) This is attached to 
this Affidavit as Exhibit B. 

c. Department of Energy, Office of the Inspector General, 
The Potential for Cost Reduction in the Waste Isolation Pilot Plant 
CWIPP) Project, (Release date: June 18, 1984.) This is attached to 
this Affidavit as Exhibit C. 

d. Department of Energy, Office of the Inspector General, 
Memorandum on Survey of Transuranic Waste Shipments to the 
Waste Isolation Pilot Plant During the Test Phase; Report No. WR-L-
90-3, Feb 13, 1990. This is attached to this Affidavit as Exhibit D. 

e. A portion of the WIPP FY 1989 budget. (Attached as 
Appendix A to The Department's Response to Delays in the Opening 
of the Waste Isolation Pilot Plant). 

f. Department of Energy, Statement of Leo P. Duffy, June 
13, 1991. Admin. Rec. IV VV. 

g. Department of Energy, Memorandum for Director, 
Office of Environmental Restoration and Waste Management on 
Approval of Key Decision CKD)-4. Start of Cold Operations of the 
Waste Isolation Pilot Plant (WIPP) Facility. Admin. Rec. IV Y. 

h. Department of Energy FY 1984 Congressional Budget 
Request. This is attached to this Affidavit as Exhibit E. 

11. The claimed cost of WIPP, for construction and on-going 
operation, of $1.1 billion total and $13 million per month cannot be 
supported on the basis of Admin. Rec. IV Y. 

12. I have carefully reviewed Admin. Rec. IV. Y. and found no 
support there whatever for the Department of Energy claim of 
having spent 1.1 billion dollars. Admin. Rec. IV. Y. shows, rather, 
total spending on WIPP through Fiscal Year 1991 of $693 million 
dollars. 

3 
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13. I have carefully reviewed Admin. Rec. IV. Y. and found no 
support there whatever for the Department of Energy claim of costs 
of approximately 13 million dollars per month. Admin. Rec. IV. Y. 
appears to be a paper print-out of a slide presentation. It contains 
only three pages with any dollar figures at all. It contains no figure 
of $13 million dollars per month, nor does it have figures which 
would sum to $13 million dollars per month. The document provides 
little detail of past budgets and no detail at all on operations. 

14. The absence of any support in the document that the 
Department of Energy cited for its claim regarding operating costs led 
me to examine additional documents. 

15. The Inspector General of the Department of Energy did an 
audit of WIPP titled Response to Delays in the Opening of the Waste 
Isolation Pilot Plant. (Release date: July 17, 1990.) This Report is 
attached as Exhibit B. The audit's Appendix A is titled "WIPP FY 
1989 Budget". The cost per day shown on this page is $220,000, or 
approximately $6.6 million per month. 

16. Inflation since FY 1989 might suggest a small upward 
adjustment in costs. An inflation adjustment, however, could explain 
only a small fraction of the spread between $6.6 million and $13 
million. 

17. The budget in the audit's Appendix A reflects operations 
during a period of rehearsal of full test phase operations. On page 6, 
under the heading WIPP Operations. DOE's Inspector General's audit 
states: 

When visiting the WIPP site in April 1989, we observed 
that the facility was operating as if radioactive waste was being 
stored, when in fact there was no waste on site. For example, 
we were badged; security staff inspected our brief cases; we 
had to pass through a metal detector; employees wore 
dosimetry badges; we required radiation screening to exit 
from the underground area; waste handlers wore protective 
clothing; workers controlled access to the waste handling 
building to prevent radiation escape; and employees rehearsed 
the procedures for moving waste containers. On-site officials 
explained that the staff had begun to follow these procedures 
within the preceding six months as part of the operational 
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readiness demonstration. They expected the practices to be a 
permanent condition at the site, regardless of how long the 
delay in opening might be. 

It appears, then, the FY 1989 budget represents what the cost would 
be if WIPP were in full Test Phase operation. 

18. Although the total budget appears to be about $6.6 million 
a month, close examination suggests that the operations actually cost 
significantly less. The budget contains the following items: 

a. Off-site activity (Sandia Na ti on al Labs) $21,400,000 
b. Management Reserve $ 988,000 
c. Undistributed Budget $ 5,133,000 
d. Tax and Fee $ 4,378,000 
e. Capital Funds $ 5,272,000. 

It appears that the first three items should be subtracted from the 
total Operating budget. In addition, it is probably appropriate to 
subtract some portion of the fourth item as well, but it is impossible 
to determine what portion of that figure can be attributed to 
operations. Therefore, I have not subtracted it. Finally, a portion of 
the Capital Funds should also be subtracted, but the detail of how it 
is spread through the budget is not available, so this adjustment will 
not be made either. By subtracting the off-site activities, the 
Management Reserve and the Undistributed Budget figures from 
Auditor's figure of $80,273,000 we reach $57,995,000. This results 
in a cost per month of about $4.8 million. 

19. The Department of Energy's Inspector General's audit, 
Response to Delays in the Opening of the Waste Isolation Pilot Plant 
suggests that significant savings may be available during a delay. In 
the section headed RESULTS OF AUDIT, on page 3, the auditors state: 

Sound business practice requires the Department to 
understand the cost implications of delays in opening WIPP 
and to develop plans to minimize the cost of these delays. 
Although an increasing number of obstacles has prevented 
WIPP from opening, the Department has not done such 
planning. Rather, the Department has continued to incur 
operating costs as if WIPP were about to open for the test 
phase. Contingency plans were not formulated because AL 
[Albuquerque Operations Office] project management 
instructions did not require such plans. Thus, the Department, 
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without knowing the cost-saving potential of alternative plans, 
may be spending funds unnecessarily. 

On page 4, the auditors continue: 

The Department has faced a growing number of obstacles 
which have delayed the opening of WIPP. The Project Office, 
however, has not developed any plans to minimize the impact 
of these delays on the cost of the overall project. The 
Department has continued supporting a level of spending as if 
WIPP were about to open and receive waste. 

20. Following the passage quoted above, the audit listed 
obstacles to the opening of WIPP to receive waste. Among five 
unresolved items which would prevent WIPP from receiving waste 
was item number 2.: 

"2. The Congress had not passed land withdrawal 
legislation." 

21. The Memorandum in Opposition To Plaintiffs Motion for 
Preliminary Injunction states at page 43 " ... an additional 13 million 
dollars will continue to be spent every month, whether or not the 
Test Phase goes forward. (Admin. Rec. IV. Y.)" (emphasis added.) 
This suggests that the Department has no intention to reduce 
operations during a delay to save on expenditures. 

22. The DOE Inspector General, addressing earlier delays in 
Response to Delays in the Opening of the Waste Isolation Pilot Plant. 
noted on page 6 that, "The Department has not reduced operations 
expenditures during the period of delay, and, in fact, has increased 
the number of positions." 

The audit continued, on page 7, to assert that 

Although WIPP Project Office contingency planning to 
minimize the cost of delay is, in our view, a logical implication 
of Department Order 4700.1, "Project Management System," AL 
[Albuquerque Operations Office] did not require such planning. 

In the section headed Cost Saving Unknown, the auditors state as 
follows: 

The Department, without knowing the net cost-saving 
potential of suspending or reducing certain operations, may be 
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spending funds unnecessarily. Since the Department has not 
prepared plans for alternatives to maintaining the current state 
of operational readiness, we cannot estimate the possible 
excess cost. Should there be further delays in the initiation of 
WIPP waste operations, the need for effective contingency 
planning, as recommended in this report, becomes even more 
important. 

23. The audit noted that the AL [Albuquerque Operations 
Office] stated that the WIPP Project Office will develop contingency 
plans for program reduction and plant shutdown/mothball. 
"Estimated completion date for the plans is October 31, 1990." (page 
9.) I have not seen any contingency plans as of this date. If such 
plans have been completed they may provide lower projected 
monthly costs during a delay. 

24. The auditors from the DOE Inspector General's Office 
examined previous WIPP responses to delay. In a section headed 
Responses to Delay on page 5 of the previously cited audit, they note 
as follows: 

The Department has responded to issues causing delay 
without analyzing their economic consequences and without 
developing contingency plans to minimize costs. . .. 

One AL official explained that, as a matter of policy, the 
Department was committed to move forward aggressively 
toward opening .... The official admitted that the Project Office 
had not developed contingency plans if one or more issues 
were not resolved in a timely manner. His comments were to 
the effect that opponents of the project might see the 
preparation of such plans as a weakening of Department 
resolve and use it to further impede progress. 

If contingency plans have not yet been developed, monthly operating 
expenses during a delay will be larger than those incurred by a more 
prudent management. 

25. I have also reviewed "Statement of Leo P. Duffy," Director 
of Environmental Restoration and Waste Management, U. S. 
Department of Energy, before the Subcommittee on Environment, 
Energy, and Natural Resources, Committee on Government 
Operations, U. S. House of Representatives, June 13, 1991. (Admin. 

7 



Rec. Exhibit IV VV .) In supporting the conduct of tests at the WIPP 
facility Mr. Duffy asserts, on page 3, that 

In particular, the conduct of both bin-scale and alcove 
tests at WIPP would avoid establishment of comparable 
facilities at other locations. The establishment of another 
facility is estimated to cost between $10 and $20 million, 
requumg 12 to 18 months for completion and would still not 
establish the actual facility capability. 

26. I found no support in any of the documents I examined for 
the estimated cost asserted by Mr. Duffy. 

_1___~'--
P. COYLE-1-= 

) 
SUBSCRIBED AND SWORN to me before me this q-tJ day of 

lla\Je\M.~<W, 1991. 

OFFICIAL SEAL 
JUNE M. FRANCIS 

My Commission Expires: 
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STATEMENT OF QUALIFICATIONS 

EUGENE P. COYLE 
Consulting Economist 

Suite 702, 433 Town Center 
Corte Madera, Ca. 94925 

(415) 461-9006 

Exhibit A 

My consulting practice has focused principally on regulatory and 
resource economics, with assignments ranging from pricing and cost 
allocation, through valuation of resources, including park lands, to 
negotiation of contracts between resource owners and developers. As part 
of my responsibilities I have testified as an expert witness in Federal and 
State Courts and before public utility commissions in 22 states and one 
territory. 

A chronology of my education and professional activities follows: 

I received a BA degree with a major in economics from Providence College. 
Following military service as an Aviation Cadet, jet pilot, and helicopter pilot in the U.S. 
Air Force, I was employed as a commercial pilot in Colombia and Ecuador before 
beginning graduate school to further study economics. 

In 1960 and 1961 I was a graduate student in economics at Boston College. For 
the academic year 1960-1961 I was awarded an Assistantship at Boston College. 

From 1962 through 1964 I was employed as an analyst at Brown Brothers 
Harriman and Company, a private bank at 59 Wall Street, New York, N.Y. At Brown 
Brothers I was responsible for recommending investments in the common stock of utility 
companies. As part of my duties I traveled throughout the country to familiarize myself 
with growth prospects of utility service territories, to interview and evaluate utility 
management (generally seeing the Chief Executive Officer and/or the Chief Financial 
Officer) and, in short, to make a judgement about the future prospects of the company. 

I was also responsible for appraising all corporate bond offerings as investment 
vehicles for the bank's clients. I evaluated the suitability of each offering for various 
classes of investors and forecast the yields at which the offering would be made. 

In the fall of 1964 I was awarded a Teaching Fellowship at Boston College and 
returned there to complete my graduate studies. I was a Teaching Fellow for two years and 
earned my Ph.D. in economics from Boston College in 1969. My graduate work included 
numerous courses in Economics and Statistics. In addition to the full graduate program 
leading to the Ph.D. I also took courses in accounting and public utility investment at New 
York University's Graduate School of Business Administration. 

In 1969 I was invited to participate in a conference on financial aspects of utility 
regulation at Stanford University, co-sponsored by American Telephone and Telegraph and 
in 1972 I received a National Science Foundation grant to participate in a six week 
conference on applied price theory at Brown University. A major portion of our time was 
spent on discussion of public utility price theory. 
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My graduate and undergraduate teaching has covered a wide spectrum of 
economics and finance courses, including Economic Principles, Price Theory, Corporate 
Finance, Statistics, Money and Banking, Economic History, History of Economic 
Thought, and Macro Economics. 

I taught at Emmanuel College during 1966-1968. As Assistant Professor of 
Finance at the University of Miami, Florida, 1968-1970, I taught the Advanced Corporate 
Finance course in the MBA program. During 1971- May 1974, I was an Assistant 
Professor, St. Mary's College in California. I have occasionally taught evening courses at 
the undergraduate level and spent the Spring semester of 1989 teaching full-time in the 
MBA program of the University of La Verne in Naples, Italy. 

As a consulting economist, I have lectured and spoken widely at conferences 
and conventions, including at The Third National Seminar for Consumer Representatives in 
State and Local Government, University of Wisconsin, Milwaukee, in 1975; at the 
National Conference of the American Public Power Association, Anaheim, California, June 
1976; at the ERDA Conference on Energy Technologies for the West, San Francisco, 
California, 1976; at the Edison Electric Institute Rate Fundamentals Course, Indiana 
University, 1979; and at the 5th Miami International Conference on Alternative Energy 
Sources, 1982. I have also lectured at colleges and universities and have made numerous 
radio and television appearances. 

In addition to the appearances mentioned, I have also given testimony on 
utility and energy issues before the following Legislative Bodies and Public 
Authorities: 

United States House of Representatives, Committee on Interstate and Foreign 
Commerce, Subcommittee on energy and power, April 1976; 

1975; 
California Assembly, Committee on Energy and Diminishing Materials, March 

California Energy Conservation and Development Commission, September 1975; 

Kentucky, Governor's Special Advisory Commission, October 1975; 

Legislative Subcommittee on Utility Rates and Public Utility Commission, Las 
Vegas, Nevada, April 1976; 

Rhcxle Island, Special Hearing, State Capitol, December 1975; 

North Carolina, Utility Commission Conference Lifeline Utility Rates, June 1978; 

Oklahoma, Oklahoma Legislature,Committee on Oil, Gas and Energy, October 13, 
1977; Oklahoma, Oklahoma Legislature, Special Committee on Public Utilities, September 
25, 1978. 

Recent publications include a review of Public Re~ulation in the Journal of 
Economic Issues, September, 1988; "An Historical Perspective on Time Necessary To 
Develop Geothermal Power in the U.S.", Geothermal Resource Council Bulletin (with 
M. E. Erskine), 1988; and "An Active Regulatory Approach to Cost of Capital", 
Proceedings, NARUC biennial conference, 1986. I have also published articles, book 
reviews, and studies related to utility rates, energy economics, alternative technology, cost 
of capital and regulatory theory. 
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OFFICE OF INSPECTOR GENERAL 
WESTERN REGIONAL OFFICE 

ALBUQUERQUE, NEW MEXICO 87115 

THE DEPARTMENT'S RESPONSE 
TO DELAYS IN THE OPENING OF 

THE WASTE ISOLATION PILOT PLANT 

Audit Report No.: WR-OC-90-7 Date: July 17, 1990 

PURPOSE AND SCOPE OF AUDIT 

This report concerns the Department of Energy's 
(Department) response to delays in opening the waste 
Isolation Pilot.Plant. lW!PP) at Carlsbad, New Mexico, and 
evaluates the Department's efforts to minimize the financial 
effects of these delays. 

Our review was made from April to October 1989 at 
Carlsbad and Albuquerque, New Mexico. During the audit we: 

o Reviewed Department policies, practices, and 
quidelines for anticipating and resolving delays in 
the acquisition of major systems; 

o Interviewed WIPP Project Office and Westinghouse 
Electric Corporation's Waste Isolation Division 
(Westinghouse) officials; 

o Analyzed financial and project management records 
for data relating to the chronology of delays and . 
Department responses to delays; and, 

o Toured the underground and surface facilities at the 
WIPP project. 

we followed generally accepted Government auditing 
standards for performance audits, including tests of 
internal control and compliance with laws and regulations as 
necessary to satisfy the audit's objective. Since our 
review was limited, it would not necessarily have disclosed 
all material internal control weaknesses. towever, our 
finding relating to contingency planning should be 
considered when the Albuquerque Operations Office (AL) 
prepares the year-end assurance •emorandum on internal 
control. 
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The firm of KPMG Peat Marwick participated with the 
Office of Inspector General in the conduct of this audit. 

We held an exit conference with AL officials on 
May 21, 1990. 

BACKGROUND 

WIPP is a research and development facility intended to 
demonstrate the safe disposal, in deep geologic formations, 
of radioactive wastes generated by the Government's defense 
activities. WIPP is located on a 10,240 acre site 26 miles 
east of Carlsbad, Netb:llexico, and is designed to hold 6.3 
million cubic feet o~waste. Based on data in the 1989 
Supplemental Environmental Impact Statement, WIPP has the 
designed capacity to rece~ve all retrievably stored waste 
which the Department estimated existed in 1987 as well as 
all newly generated waste through the ye~~ 2013. 
Westinghouse is the management and operating contractor for 
WIPP. 

The completed surface facilities include a 69,000 
square foot administrative support and waste handling 
building, technical support and maintenance facilities, 
security and visitor facilities, and administrative offices. 
Westinghouse has mined approximately 10 miles of underground 
tunnels on a single level 2,150 feet below the surface. 

There were about 675 full-time employees at the site, 
including 585 Westinghouse employees. These workers had 
assignments to continue the maintenance of mechanical 
equipment, support ongoing experiments, complete 
construction/mining of underground storage and maintenance 
areas, preserve site security and safety, and generate 
information to answer concerns which critics of WIPP had 
raised. 

When operational, WIPP will contain contact handled, 
transuranic (CB TRU) waste. This waste is defined as: 

Without regard to source or form, waste that is 
contaminated with alpha-emitting transuranium 
radionuclides with half-lives greater than 20 
years and concentrations greater than 100 
nanocuries/gram at the time of assay .••• CB TRU 
waste has a surf ace dose rate of no greater than 
200 m.Rem/hr. No shielding is required when 
handling this type of waste . 
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The Department's organization structure shows the 
various management responsibilities for WIPP. The Assistant 
Secretary for Defense Programs is responsible for directing 
the project. The Manager, AL, has field· management 
responsibility. The Assistant Manager for Energy and 
Special Programs (AMBSP) at AL heads a dedicated Project 
Office which oversees Westinghouse's activity and 
coordinates AL's specialized support resources. The WIPP 
Program Manager, Office of Defense Waste and Byproducts, at 
Headquarters is responsible for management of the 
programmatic activities. A project manager who reports to 
the AL AMESP is responsible for day-to-day execution of the 
project. 

When approved in Fiscal Year 1977, the Department 
estimated WIPP would open in April 1989 at a cost of $948 
million. As a result of cost reduction programs conducted 
through 1983, the Department lowered the estimated cost 
from $948 to $693 million and moved up the opening date to 
October l.?88. _ ~fJ.er, the Department projected that annual 
operating costs would average about $79.7 million (in 1986 
dollars) . 

The Department divided the WIPP project into three 
phases - construction, test, and permanent waste disposal. 
The construction phase was completed within the revised cost 
estimate, but not within the expected time frame. Work 
extended six months beyond the estimated completion date 
because of problems encountered in boring an air intake 
shaft. The Department is unable to begin the test phase 
because a number of conditions necessary to receive waste 
have not been met. A decision on permanent waste disposal 
cannot be made until the test phase is successfully 
completed. 

RESULTS OF AUDIT 

Sound business practice requires the Department to 
understand the cost implications of delays in opening WIPP 
and to develop plans to minimize the cost of these delays. 
Although an increasing number of obstacles has prevented 
WIPP from opening, the Department has not done such 
flanning. Rather, the Department has continued to incur 
operating costs as if WIPP were about to open for the test 
phase. Contingency plans were not formulated because AL 
project management instructions did not require such plans. 
Thus, the Department, without knowing the cost-saving 
potential of alternative plans, may be spending funds 
unnecessarily. 
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Need for Contingency Analvsis and Planning 

Since analyses of costs and expected benefits commonly 
precede decisions to invest in new facilities, private 
sector managers are aware of the economic consequences of 
delay in the timely completion of a major capital project . 
Delays change the relationships between costs and benefits 
by (1) extending the period of time over which costs are 
incurred, (2) adding new expenses to address the causes of 
delay, (3) pushing the start of the benefits stream further 
into the future, and (4) possibly reducing the benefits 
stream over the life of the project. 

Armed with knowledge of the economic consequences of 
delay, private aector management develops plans for 
minimizing costs during various possible periods of delay. 
Managers compare, for varying periods of delay, the costs 
saved by suspending or reducing certain operations against 
the costs incurred when reactivating or increasing those 
operations at a later date. Any analysis sh6~~ng positive 
cost savings by suspending or reducing operations leads to a 
plan for minimizing cost for that period of delay. 

Extended Delays 

The Department has faced a growing number of obstacles 
which have delayed the opening of WIPP. The Project Office, 
however, has not developed any plans to minimize the impact 
of these delays on the cost of the overall project. The 
Department has continued supporting a level of spending as 
if WIPP were aoout to open and receive waste. 

Obstacles 

As of October 1989, the Department faced a larger 
number of issues to resolve than it did in October 1988 when 
it conceded that WIPP would not be able to open as 
scheduled. Moreover, the estimated time for resolving these 
issues has extended beyond management's initial projections. 

In a September 1988 Project Manager's Monthly Progress 
Report, the Department identified five unresolved items, 
shown below, which would prevent WIPP from receiving waste. 

1. The air intake shaft was incomplete. 

2. The Congress had not passed land withdrawal legis
lation. 

3. The regulatory authority having jurisdiction for 
Resource Conservation and Recovery Act (RCRA) 
matters was undetermined. 
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APPENDIX A 

WIPP FY 1989 Budget 
(Dollars in Thousands) 

9perations 
Administrative Services 
Construction 
Controller 
Engineerinq 
Project Planninq and Control 
Public Affairs 
Quality Assurance 
Safety, Security, 

Environment 
TRU Waste Integration 
Waste Operations 

Total Operations 

Management Reserve 
Undistributed Budqet 
Tax and Fee 
Total Westinghouse 
Sandia National 

Laboratories 
Total WIPP Project 

Total Project 
Less: Capital Funds 
Continuing Costs 

$80,273/365 = 
Cost per day 

$ 2,274 
478 

1,183 
20,021 

733 
1,614 
1,104 

8,738 
3,725 

13,747 
$53,617 

988 
5,133 
4,378 

$64,116 

21,429 
$85,545 
--·==== 

$85,545 
(5,272) 

$80,273 
·-==·=== 
$ 220 
-···=== 
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I. SUMMARY 

During the First Quarter of Fiscal Year 1984. we conducted a 
review of the Waste Isolation Pilot Plant (WIPP) project managed 
by the Assistant Secretary for Defense Programs. Although a 
commendable effort to reduce project costs had been initiated 
by program officials in December 1981. we found additional cost 
reduction opportunities. 

For example. we found that the research and development program 
had not received the same degree of scrutiny during cost reduction 
activities as had the area of capital costs. and we identified 
several experiments that could be reduced in scope or eliminated. 
Although we did not identify cost reduction opportunities during 
our review of land and siting issues, we found that the Department 
may be vulnerable to additional costs amounting to millions of 
dollars. More importantly, we found that capital costs of the 
project could be further reduced by decreasing the size and 
shielding of the hot cell facility, or by eliminating it completely, 
and by adopting a less costly, but adequate, alternative for 
dining area/visitor center facilities. Although it is difficult 
to quantify the cost savings associated with these cost reduction 
opportunities, we estimate possible savings of tens of millions of 
dollars. 

II. PURPOSE AND SCOPE 

The purpose of this inspection was to assess the technical rationale 
for certain decisions regarding the siting and design of the WIPP 
facility, to determine if the planned research and development 
activities were needed and would be accomplished cost-effectively, 
and to identify potential cost reduction opportunities that could 
be realized before construction of the WIPP facility. 

In conducting our inspection, we interviewed the ~~~artment's 
program management staff at Headquarters and, during the field 
portion of our inspection from September 26 to October 7, 1983, 
interviewed the WIPP Project Office personnel and contractor 
personnel located at Albuquerque, New Mexico, and the project 
site at Carlsbad, New Mexico. The project and contractor personnel 
who were interviewed included representatives from the Albuquerque 
Operations Office, Sandia National Laboratories (Sandia), the 
Westinghouse Electric Corporation, Bechtel National, Incorporated, 
and the U.S. Army Corps of Engineers. Discussions were also 
held with personnel from the Department's Civilian Radioactive 
Waste Management Office and Office of Nuclear Waste Isolation 
{ONWI), as well as individuals from the Tennessee Valley Authority 
who were pursuing nuclear waste management activities. In addition, 
we reviewed documentation associated with the project and studi~s 
and reports on related technical issues. 
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I I I. SYNOPSIS OF FINDINGS 

Land and Siting Issues 

o The Department's conclusion that there would be minimal 
impact on WIPP operations and public health and safety from the 
existence of a pressurized brine reservoir in the Castile Formation 
underlying the WIPP underground facility was adequately supported. 
(See page 13.) 

o The total cost of the WIPP project could be increased 
by several million dollars if it becomes necessary to condemn 
existing potash leases at the WIPP site. (See page 13.) 

o The Department is committed to construction of the WIPP 
facility at a cost of $409 millionl with no guarantee that 
it will receive authority to emplace radioactive waste in 
the facility when it is completed in 1987. (See page 13.) 

Research and Development 

o Experiments at the WIPP with actual defense high-level 
waste (HLW) are not needed to support future repository design 
efforts. (See page 16.) 

o The WIPP research and development program includes several 
experiments that are not needed or could be reduced in scope with 
minimal impact to the project's stated mission. (See page 21 .) 

Cost of Facilities 

o The design of the waste handling facility provided for 
a larger facility and greater shielding for radioactivity than 
necessary to handle the type and amounts of remote-handled (RH) 
radioactive transuranic (TRU) waste and defense HLW planned for 
the WIPP. We estimated potential cost savings of at least Sl.2 
million in this area. (See page 27.) 

o Eliminating the WIPP experiments with actual defense HLW 
could result in a further reduction in the size and shielding 
of the hot cell, and allow consideration of less costly alternatives 
that could eliminate the requirement for a hot cell completely. 
Potential savings are on the order of tens of millions of dollars. 
(See page 30.) 

o Present plans to add a dining area/visitor center to the 
WIPP Guard and Security building would add unnecessarily to.the .. 
cost of the WIPP project. Adoption of a less costly alternative 
could result in a cost savings of at least $800,000. (See page 32.) 

1 U.S. Department of Energy Fiscal Year 1985 Congressional Budget 
Request, February 1984. 
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IV. RECOMMENDATIONS 

A. For the Assistant Secretary for Defense Programs: 

1. Develop and publish a strategy and major milestones for 
obtaining legislation by the Congress to withdraw the WIPP site 
from public lands. 

2. Conduct a cost/benefit review of the experiments 
currently planned for the WIPP research and development program 
to determine those that could De reduced in scope or eliminated, 
with emphasis on those experiments that may be impacted by the 
Nuclear Waste Policy Act of 1982. 

3. Reexamine the design of the Waste Handling and 
Support building to identify areas of overdesign as targets 
for cost reduction efforts. 

4. Defer construction of the hot cell and related facilities 
until a decision is made concerning commingling defense and 
civilian HLW. 

5. Review the justification for the dining area/visitor 
center presently proposed for the Guard and Security building in 
view of less costly, but adequate, alternatives. 

B. For the Assistant Secretary for Management and Administration, 
ensure that an Independent Cost Estimate (ICE) is conducted of 
the WIPP project immediately following the Nbottoms-up" estimate 
to be completed by program officials in early 1984. 

V. MANAGEMENT REACTION 

The Acting Assistant Secretary for Defense Programs (ASDP) provided 
extensive comments on our draft report. The full text of his 
comments is in Appendix B. The basic position taken by the ASDP 
and his reactions to our recommendations are summarized below. 
Some of his specific comments on the findings and our responses 
are included in Section VII, DETAILED FINDINGS. Although the 
ASDP generally disagreed with the findings of the draft report, 
there was some agreement with the recommendations. His comments 
clearly indicated, however, that our major recommendations are 
not likely to be implemented. 

Regarding the mission of the WIPP, the ASDP stated that experiments 
with actual defense HLW were mandated by the authorizing l~gisJ~t1on. 
On the land and siting issues identified, the ASDP stated that 
the depressed condition of the domestic potash industry obviated 
the need to condemn leases at tne WIPP site; therefore, $17 
million for that purpose was deleted from the budget. Also, 
the present lack of authority to emplace radioactive waste at the 
WIPP site was not viewed as a problem, since draft land withdrawal 
legislation providing the necessary emplacement authority will be 
suDmitted soon to the Congress. 



. " 

. , 
t; ·' 

.,. 

4 

Commenting on the research and development experimental program, 
the ASOP stated that the WIPP research and development mission 
cannot be accomplished without the use of actual defense HLW, 
that there are technical issues for which resolution will never 
be satisfactorily demonstrated without using actual defense HLW 
waste.forms, and that credibility of the demonstration is a must. 
He said that experiments and demonstrations planned for the WIPP 
are only those needed to demonstrate that the technical concerns 
are tractable and that large-scale waste handling operations may 
be safely conducted. 

Regarding the cost of facilities, the ASOP did not agree that 
reduction of hot cell shielding would be cost effective. Neither 
did he agree that the guard/security center, which includes 
visitor reception facilities, would add u1.necessarily to the 
cost of the WIPP project. The ASOP's comments on our recommenda
tions are summarized below: 

Recommendation 1: Drafts of proposed legislation to withdraw 
the WIPP site lands have been prepared and a strategy for obtaining 
a legislative land witndrawal has been determined. This will 
include the authority to emplace radioactive wastes. 

Recommendation 2: There was no objection to a cost/benefit 
review of the WIPP research and development program by knowledgeable 
people. The National Academy of Sciences would be available for 
such a review once their existing contract [to provide technical 
oversight of the WIPP research and development program] is extended. 

Recommendation 3: The Waste Handling and Support building 
is designed to provide important operational and safety flexibil
ities. There ~S.o"-O viable opportunity to reduce shi·elding at 
this time since the design package is out for bid •. 

Recommendation 4: (Added in final report) 

Recommendation 5: The Guard and Security building will be 
reviewed to assure cost effectiveness. However, only minor 
changes are anticipated. 

VI. BACKGROUND 

A. Introduction 

The Waste Isolation Pilot Plant (WIPP), located near Carlsbad, 
New Mexico, is being developed by the Department of Energy as 
a defense research and development activity. As authorized by 
Congress in 1979, the mission of the WIPP project is: 

u ••• for the express purpose of providing a research 
and development facility to demonstrate tne safe 
disposal of radioactive wastes resulting from the defense 
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activities and programs of the United States exempted 
from regulation by the Nuclear Regulatory Commission."2 

The rather broad congressional authorization has allowed the 
Department to design the WIPP facilities to support a comprehensive 
and extensive program of research and development experiments and 
demonstration activities. As currently designed, the WIPP provides 
for demonstration of the receipt, inspection, and emplacement of 
defense-generated TRU waste in a retrievable mode in salt. Studies 
will also evaluate the disposal of actual defense-generated HLW. 
The Department's Fiscal Year 1984 Congressional Budget Request 
estimated completion of construction of WIPP facilities in Fiscal 
Year 1988, and estimated the total cost of the project at $748 
million in year of expenditure dollars. By the end of 1983, the 
Department had expended $217.93 million for the WIPP project. 

The Nuclear Waste Policy Act of 1982, which was signed into law in 
January 1983, contained provisions that will significantly impact 
the research and development program planned for the WIPP. Specifi
cally, the Act contains a provision that requires the President to 
conduct an evaluation by January 1985, of the feasibility of 
disposing of defense-generated HLW in a licensed, commercial 
repository containing HLW generated by civilian nuclear reactors. 

Also, the Department's "Defense Waste Management Plan" (June 1983) 
stated that it was the Department's intent to "commingle" defense 
HLW and civilian HLW in a commercial repository unless there were 
unacceptable adverse impacts on defense programs. There are no 
apparent significant adverse impacts that preclude a decision 
to commingle defense and civilian HLW in a licensed, commercial 
repository.4 Therefore,· there is no need -to puM"U~>activities at 
the WIPP to support development of a geologic repository for only 
defense HLW. 

In the project's early years, from 1976 to 1981, a number of events 
occurred that contributed to increased costs and schedule delays. 
In 1979, a joint House/Senate conference committee concluded 

2 Puolic Law 96-164, Department of Energy National Security· 
and Military Applications of Nuclear Energy Authorization Act 
of 1980, December 29, 1979. 

3 Year of expenditure dollars. 

4 Draft Report, An Evaluation of Defense High-Level Waste Disposal 
in Geologic Repositories, Assistant Secretary for Defense Programs, 
January 1984. 
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that frequent changes had driven up costs, delayed design and 
construction, and confused management, the public and the Congress. 
As a result, the committee felt that the project was unmanageable 
and served only to delay ultimate decisions and solutions necessary 
for the long term storage of nuclear waste. Many of these events, 
as ref)ected in the following legislative history, were the 
result of differing views between the former Administration and 
the Congress over the mission for the WIPP.s 

Other events, such as the decision to modify the initial design 
of WIPP's underground facilities from two, mined levels for waste 
disposal to one level, also impacted the project's cost and schedule. 
These events are described in the following discussion of the 
project's design history. Finally, the impact of these events 
on the total cost of the project is illustrated in the following 
cost history. This history details the increase in the total cost 
of the project to almost $948 million, before efforts initiated 
in December 1981 led to cost reducttjon activities that reduced 
the project cost in April 1983 to an estimated $693 million. 

B. Legislative History 

Briefly, in 1974, the Atomic Energy Commission (AEC), a predecessor 
of the Department, initiated efforts to locate a site and construct 
a radioactive waste disposal pilot plant (RWDPP). Under the AEC's 
concept, the RWDPP would be limited to disposal of defense-generated 
TRU waste and include provisions for experiments with HLW, both 
defense and civilian. That same year, Congress passed the Energy 
Reorganization Act of 1974, which did not require facilities for 
disposal of defense-generated TRU waste to be licensed by the 
Nuclear Regulator..,t Commission (NRC), but did require t~e NRC to 
license faciliti~s -r~r disposal of defense HLW and civilian HLW. 

In 1976, site activities were initiated for a RWDPP at the present 
WIPP site by the Energy Research and Development Administration 
(ERDA), also a predecessor of the Department. Legislative documents 
indicated that this project, which subsequently became the WIPP 
project, was specifically authorized by Congress in 1976 as a 
research, development, and demonstration project for the storage 
of defense wastes. Line item funds for the project were requested 
in ERDA's budget request for Fiscal Year 1977. However, funding 
was delayed until November 1977 as a result of Congress passing 
a continuing appropriation in lieu of a Federal budget • 

During 1978, an Interagency Review Group (IRG) conducted a review 
of the Federal nuclear waste management program. The view by t~e 
IRG, that a repository for disposal of TRU wastes should be 

5 A detailed discussion of the early legislative history is at 
Appendix C. 
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licensed, contributed to considerable debate during congressional 
nearings in 1978 on tne Department's Dudget request for Fiscal 
Year 1979 line item funds for the WIPP project. 

Both the House and Senate Committees on Armed Services were partic
ularly concerned with the views of the IRG pertaining to licensing 
facilities for disposal of TRU wastes. They were also concerned 
that the Department might have developed a different view of the 
WIPP project than was originally authorized, i.e. including a 
role for the NRC during the construction and operation of the 
facility. Attempts were made to limit the scope of the WIPP 
project through language in the congressional appropriations. 
Subsequently, the continuing appropriation passed by Congress 
for Fiscal Year 1979 funding included a provision that prohibited 
the Department from expending funds on activities to license the 
WIPP facility or store spent fuel from commercial sources. 

In July 1979, the Department's Acting Under Secretary advised 
the House Committee on Armed Services that the Department was 
considering two significant changes to the WIPP project: 

(1) Amending the WIPP mission to include the disposal, in a 
retrievable mode, of up to 1000 commercial spent fuel assemblies, 
and 

(2) Ootaining an NRC license for the WIPP facility. 

He also indicated that the Administration might wish to broaden 
WIPP's mission with licensing by NRC and advised that the Department 
was exploring the possibility of tranferring jurisdiction for the 
WIPP project to a non-defense committee because ·~the ap·parent 
impasse between the Department and Congress with respect to the 
project. 

Subsequently, the Administration attempted to cancel the WIPP 
project and include the project site as one of the alternative 
sites to be considered for a licensed repository under the 
commercial nuclear waste management program. This approach was 
rejected by Congress in December 1979 witn passage of Public Law 
96-164, which provided a statutory definition of the WIPP project. 
The Administration attempted to terminate the project by not 
requesting funds for Fiscal Year 1981. However, Congress 
appropriated funds to continue the project. A final attempt to 
terminate the WIPP project occurred in March 1980, when the 
President requested Congress to rescind the budget authority 
for the project. This request was not supported by Congres~. -

Finally, the Nuclear Waste Policy Act of 1982 was signed 1nto law 
in January 1983. Tne Act provided that not later than January 
1985, the President would evaluate whether storage capacity in 
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one or more of the repositories established under the Act could 
be used for disposal of defense HLW. The Act further stated that 
unless the President found that a separate repository was required 
for disposal of defense HLW, the Secretary of Energy should 
proceed promptly to arrange for disposal of defense HLW in one 
or more of the repositories estaolished by the Act. 

C. Design History 

The earlier concept of a RWDPP was the basis for the WIPP conceptual 
design completed by Sandia in June 1977. The principal objectives 
of the WIPP facility, as designed by Sandia, were to: 

(1) Demonstrate the adequacy of bedded-salt formations for 
isolating contact-handled and remote-handled radioactive wastes 
generated by ERDA in support of national defense programs, and 

(2) Provide a facility for experiments (some involving HLW) 
to extend the understanding of the behavior of other waste 
types in a salt medium. 

The project described in Sandia's conceptual design seemed more 
ambitious and broader in scope than the congressional authorization 
for a research, development and demonstration project for the 
storage of defense waste. For example, Sandia described the 
WIPP as a facility to gather data and demonstrate on a large 
scale the feasibility of disposal of radioactive waste in bedded 
salt. Sandia did not consider the WIPP facility to be a pilot 
plant in the usual meaning, i.e., a small scale, limited use 
facility to be followed by construction of a main plant. Instead, 
t he W I PP w a ·S i n t e n.da.d. to be f u 1 1 - s ca 1 e , · w i t h t he cap a bi 1 i t y f o r 
expansion to full repository operations with few modifications. 

Sandia also intended the WIPP facilities to be stringently designed 
as though a license from NRC were required. The conceptual design 
included surface facilities to receive and handle radioactive 
wastes, both TRU and HLW, and underground facilities consisti~g 
of two, mined working levels; an upper level for storage of contact
handled TRU waste and a deeper level for storage of remote-handled, 
heat producing waste and for experiments with HLW. Based on the 
conceptual design, Sandia's estimate of the capital cost of the 
WIPP project was $330 million. 

Although the principal mission of the WIPP project was to dispose 
of defense-generated TRU waste, the AEC/EROA wished to maintain 
a capability for HLW disposal at the selected site. This was 
reflected by the two, mined working levels6 and the facilities 
designed to the characteristics of commercial HLW. 

6 Summary of the Results of the Evaluation of the WIPP Site and 
Preliminary Design Validation Program, WIPP-DOE-161. March 28, 1983 
Page 8. 
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The concept of the WIPP project as a potential repository for 
HLW was pursued by the Department during the former Administra
tion. The Department proposed to greatly expand the scope 
of the project by including experiments with up to 1000 
canisters of commercial spent fuel and obtaining a license 
for the facility from NRC. However, as previously discussed, 
the Congress passed legislation to prohibit the Department 
from expending WIPP funds for licensing activities and from 
storing spent fuel at the facility. The Congress also redefined 
the WIPP as a research and development facility exempted from 
licensing by NRC. This legislation removed the possibility 
of HLW disposal from the WIPP mission. Therefore, a separate 
underground level for eventual storage of HLW was no longer 
needed. As a result, the WIPP design was modified to include 
only one underground working level, primarily to demonstrate 
storage of defense-generated, contact-handled and remote-handled 
TRU waste. 

Altnough the congressional authorization requirea the Department 
to delete activities related to permanent disposal of HLW from 
WIPP's mission, the present design of the WIPP facilities does 
not rule out this option in the future. For example, the WIPP 
in-situ test program includes a number of experiments with 
actual HLW from defense activities to determine the effects 
of heat-producing waste in the less pure salt beds selected 
for TRU emplacement. In addition, the underground facilities 
include a large area dedicated to handling and emplacement 
activities with defense HLW and in-situ experiments with 
defense HLW "spiked" with additional radioactivity to allow 
accelerated testing. Thus, the ability of surface facilities 
to receive and handle both defense and civilian HLW canisters 
has not been impacted by the congressional authorization for 
the WIPP, since these facilities will be used to support 
defense HLW experiments and were designed to the characteristics 
of commercial HLW. 

D. Cost Histort 

In 1976, Congress authorized $6 million to begin land acquisition 
and preliminary architect/engineer design work for the WIPP project. 
The Total Estimated Cost (TEC)7 of the project was to be developed 
as part of an additional conceptual design engineering effort. 
At the start of the conceptual design effort, the preliminary 
estimate of the project's cost was $100 million. By 1977, after 
50 percent completion of Title I (conceptual) design, the 
preliminary estimate had increased to $140 million. Since 
1978, two major, "bottoms-up" cost estimates have been generated 

7 Total Estimated Cost (TEC) represents all capital costs necessary 
to construct the facility, including architect/engineer services 
and construction management. Total Project Cost (TPC) is the 
sum of the TEC and Operating Costs, which includes the cost of 
research and development and the cost to operate the facility. 
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for the project. Subsequently, the second bottoms-up estimate 
has been adjusted twice by cost reduction programs. 

The first comprehensive cost -estimate for the project was completed 
in June_ 1979.- The Total Project Cost (TPC) was estimated at 
$737 million, which included a TEC of $441 million and operating 
costs (including research and development costs)8 of $296 million. 
A key assumption was that the WIPP facility would not be licensed. 

A new cost estimate was completed in October 1981 to reflect not 
so much the technical changes as the disruptions to the project 
schedule by legislative and budgetary actions. The TPC was 
estimated at $948 million, which included a TEC of $652 million 
and operating costs of $296 million. The major design change 
during this period was primarily the result of congressional 
passage of Public Law 96-164. This change involved substitution 
of a single-level repository plan in place of the previous 
dual-level plan. 

The October 1981 revised cost estimate reflected the following 
changes that occurred after the June 1979 estimate: 

o Design evolution and reestimating changes 

o Revision of mission and design to comply with Public 
Law 96-164 

o Insertion of site and preliminary design validation 
activities into the project schedule 

o Unexpected increases in inflation rates 

o Revised schedules resulting from budget constraints 

o Costs of compliance with the Stipulated Agreement signed by 
tne Department with the State of New Mexico for the WIPP 
project. 

The Under Secretary approved the project's revised cost, schedule 
and technical baseline in December 1981.9 The approval was 
granted with the condition that the Assistant Secretary for 
Defense Programs conduct a review of tne cost elements of the 
project to reduce the total cost where possible. An extensive 
cost reduction effort undertaken by the WIPP Project Office was 
substantially completed in March 1982, and the TPC estimate was 

8 For this discussion, operating costs will include costs for 
research and development activities • 

9 Memorandum to the Record, Subject: ESAAB Memorandum 1-82: 
Energy System Acquisition Advisory Board Meeting: Waste Isolation 
Pilot Plant, December 2, 1981, Under Secretary, December 29, 1981. 
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reduced to $748 million. This estimate included a TEC of $504 
million and operating costs of $244 million. 

An ongoing effort to identify additional areas for cost reductions 
led to a revised cost estimate in April 1983. The TPC was estimated 
at ~i69l.million, which included a TEC of $459 million and operating 
costs of $234 million. Tne more significant changes in the cost 
estimate were primarily the result of reductions in escalation 
rates and contingency factors. 

The WIPP Project Office is continuing efforts to identify possible 
cost reductions through the use of cost trending techniques. When 
the WIPP project's Title II (preliminary) design is completed in 
early 1984 1 the project's principal contractors will generate 
a new, bottoms-up estimate. In addition, the Department's Office 
of Project and Facilities Management is expected to initiate an 
Independent Cost Estimate (ICE) review of the project. 

E. The WIPP Research and Development Program 

Public Law 96-164 authorized the WIPP facility as a research and 
development facility to demonstrate the safe disposal of radio
active wastes resulting from the defense activities and programs 
of the United States exempted from licensing by the NRC. The 
Department's interpretation of the congressional authorization 
is reflected in the current scope of the WIPP project, which 
includes an extensive research and development program to be 
performed by Sandia. Of approximately $214 million in operating 
funds budgeted for the WIPP project through Fiscal Year 1988, 
over half will be paid to Sandia, principally for support of 
WIPP's research and development program. . . -·~ -
According to Sandia, the planned research and development program 
provides the technical basis for systems design and safety and 
environmental assessments for future repositories for defense
related radioactive wastes. It also applies those design methods 
and safety and environmental assessments for defense wastes 
to the development of the WIPP facility. Thus, the WIPP research 
and development program will provide and demonstrate the technology 
needed to develop a future defense repository in bedded salt. 

The WIPP research and development program is divided into three 
general phases: Technical Development, In-Situ Tests Without 
Radioactivity, and In-Situ Tests With Radioactivity. The Technical 
Development phase includes computer model development and 
application, laboratory studies, and field tests. The In-Situ 
Tests Without Radioactivity include the SPDvlO program, technology 

10 The WIPP Site and Preliminary Design Validation (SPDV) program 
was developed and implemented to permit in-situ observation 
of geologic conditions at the proposed waste storage horizon 
and to allow determination of the geomechanical reaction of the 
salt beds after excavation of underground rooms. 
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experiments and demonstration of repository operations, such 
as waste handling procedures and retrieval methods. The In-Situ 
Tests With Radioactivity primarily address waste package inter
actions, including Radiation Source Experiments (RSEs), defense 
HLW tests, and demonstrations with actual TRU wastes and defense 
HLW. The RSEs are optional and no plans exist to exercise this 
option at the present time. 

According to Sandia, the WIPP project, although devoted entirely 
to defense wastes, will serve as a source of technical information 
for subsequent development of commercial waste repositories. In 
addition, the WIPP research and development program will constitute 
a significant body of information about the generic development 
of repositories in salt. The program incorporates Sandia's 
philosophy of establishing reference cases on which to base 
experiments and analysis. In many cases, experiments will replicate 
conditions expected in an actual repository. Also, overtests 
(using canisters Mspiked" with additional radiation) will enable 
a comparison to be made with a reference case and provide experi
mental data simulating long-term effects in a relatively shorter 
time. 

Several reference cases for the research and development 
program were developed by WIPP project personnel for direct 
application to the WIPP mission, while other reference cases were 
developed outside the WIPP project for use elsewhere. For example, 
the concept for emplacement of RH TRU waste was based on WIPP 
studies to define the most effective concept for storage and 
subsequent permanent disposal of RH TRU in the WIPP. In contrast, 
the reference case for defense HLW experiments reflects repository 
conditions that were determined outside the WIPP projectll by the 
National Waste Terminal Storage (NWTS) programl2 for commercial 
waste disposal. 

Sandia's Experimental Programs Division has established near-term 
and long-term objectives for each experiment planned for the 
WIPP research and development program. The near-term objectives 

11 The reference conditions used as a basis for defense HLW 
experiments were developed by the Reference Repository Conditions 
Interface Working Group. Their work ts reported in Mlnterim 
Reference Repository Conditions for Commercial and Defense High
level Nuclear Waste and Spent Fuel Repositories in Salt,M NWTS-3, 
Office of NWTS Integration, 1981. 

12 Responsibility for the NWTS program was given to the Department's 
Civilian Radioactive Waste Management Office by Public Law 97-425, 
the Nuclear Waste Policy Act of 1982. The Act included provisions 
for eventual commingling of defense and commercial HLW in a licensed 
repository. 
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provide information directly applicable to the WIPP project. 
However, the long-term objectives are oriented principally 
toward increasing confidence in computer models and codes that 
wil 1 be used to design a future nuclear waste repository, although 
some of this data may be useful to the WIPP project. Sandia 
estimat~d that a majority of the technology experiments and 
was·te ~ackage interaction experiments will be in support of 
efforts related to a future repository. 

In 1978, the National Research Council established the Panel on 
the Waste Isolation Pilot Plant (tne WIPP Panelf to review various 
aspects of the WIPP project for the Department. 3 The WIPP Panel 
has been under contract with the Department since its inception 
in the summer of 1978. Efforts are currently underway to continue 
the WIPP Panel's involvement in the review of the project through 
the start of waste receiving operations in October 1988. 

The WIPP Panel review addressed the scientific and technical 
adequacy of certain aspects of the WIPP project, e.g. the research 
and development program developed by Sandia. However, the WIPP 
Panel did not consider tne cost aspects of the project. For 
example, the WIPP Panel did not consider the cost versus benefits 
of the various experiments proposed by Sandia, nor did they 
consider whether the experiments could be conducted in a cheaper 
or more cost-effective manner. Our review of the WIPP research 
and development program focused primarily on whether certain 
experiments were needed and, if so, whether they could be 
accomplished more cost-effectively. 

VII. DETAILED FINDINGS 

A. Land and Siting Issues 

Although our review of land and siting issues failed to identify 
cost reduction opportunities, several noteworthy points emerged. 
For example, we found that the Department's conclusion that there 
would De minimal impact on WIPP operations and public health and 
safety from a pressurized brine reservoir underlying the WIPP 
underground facilities was adequately supported. We also found that 
the need to condemn existing potash leases could add significantly 
to the total cost of the WIPP project •. Finally, we found that the 
Department is committed to construction of the WIPP facilities 
at a cost of $409 million with no guarantee that it will receive 
authorization to emplace radioactive wastes at the WIPP site. 

13 In March 1978, the Department asked the National Research 
Council of tne National Academy of Sciences to review the scientific 
and technical criteria and guidelines for designing, constructing 
and operating the WIPP facility. The Panel on the Waste Isolation 
Pilot Plant was formed to conduct this review. 
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The discovery of brine pockets during WIPP site characterization 
activities led the Department to initiate an extensive effort to 
determine the potential impact on WIPP operations from pressurized 
brine pockets in the Castile Formation underlying the proposed 
WIPP facility. Our review of these efforts concluded that the 
studies conducted by the Department were adequate to reach a 
conclusion. Also, our review supported the Department's conclusion 
that if a pressurized brine reservoir did exist in the Castile 
Formation below the WIPP underground facility, it would have 
minimal impact on WIPP operations and the public health and 
safety. 

Also, we reviewed the Department's efforts to condemn various 
mining and hydrocarbon leases that existed on lands required for 
WIPP operations. Several companies presently hold leases on 
lands designated for the WIPP site that allow them to mine for 
potash. The WIPP Program Office does not see a need to condemn 
these leases at the present time because of the depressed state 
of the potash industry and the unlikelihood that mining operations 
would be initiated in the near future. Condemnation of these 
leases, however, would be a costly and timely process in the 
unlikely event that the potash industry experienced a recovery. 
Therefore, the WIPP project could realize additional costs on 
the order of several million dollars if condemnation of existing 
potash leases becomes necessary. 

In comments on the draft report, the ASDP stated that condemnation 
of potash leases was seen as an extremely unlikely event. Based 
on that assessment, the program office deleted the $17 million 
allowance in the budget for condemnation payments. While the 
short term assessment by the program office may appear valid, 
however, uncertaintiei of predicting future events dictate that 
management should be aware of the potential for additional 
costs to the project if it becomes necessary in the future to 
condemn the leases. 

Finally, we reviewed the Department's efforts to withdraw tne 
lands required for the WIPP facility from the operation of public 
land laws. On June 29, 1983, the Department was granted use of 
lands at the site for construction of facilities for the WIPP 
project by an administrative land ~ithdrawal by tne Department 
of Interior (DOI). The DOI order withdrew 8,960 acres of land 
from the operation of the public land laws for a period of eight 
years for the 11mited use of construction of WIPP facilities. 
The order prohibited the Department from placing radioactive 
waste at the WIPP site during the eight years of the administrative 
withdrawal. However, the order envisioned eventual legislition 
by Congress that would permanently withdraw the land for the 
purpose of conducting a research, development and demonstration 
program using radioactive wastes and, eventually, designating 
the WIPP facility as a permanent repository for TRU wastes. 
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According to the Department's Fiscal Year 1984 Congressional Budget 
Request, construction of the WIPP facilities will be completed in 
the First Quarter of Fiscal Year 1988 at a cost of $409 million. 
At the present time, however, the Department lacks the authority 
to place radioactive wastes at the WIPP site. Without this 
auth-Orit~, the Department could have a facility costing $409 
million that is unable to perform its stated mission. 

The Department could be granted the necessary authority to place 
radioactive wastes at the WIPP site by one of two means, neither 
of which is under the control of the Department. One approach 
would require the Secretary of Interior to reverse an earlier 
decision by his predecessor that prohibited the Department from 
placing radioactive waste at the WIPP si~e during the period 
covered by the administrative land withdrawal. However, reversal 
is unlikely since both Interior and the Department have left the 
final determination to the Congress.14 

The other approach involves passage of legislation by the Congress 
to permanently withdraw tne WIPP site from public lands and to 
authorize deposition or experimental use of nuclear wastes at the 
WIPP facility. WIPP program officials indicated that the Department 
intends to start the legislative process of submitting a proposed 
legislative land withdrawal to the Congress in January 1985. As 
a practical matter, WIPP program officials expect the Congress 
to favorably resolve the land witndrawal issue. Nevertheless, 
the fact remains that the Department will have committed $409 
mil lion in construction funds for WIPP facilities in the absence 
of a guarantee that it will receive authority to emplace radio
active waste at the WIPP site when the facility is completed in 
1987. 

----.-$....¥ -

B. Research and Development 

We found that the planned research and development program had 
not received the same attention during cost reduction reviews as 
,the design and construction activities. Based on our review, 
we concluded that there is a potential for significant reductions 
in the cost of the research and development program. For example, 
the planned experiments with actual defense HLW could be eliminated. 
Also, the extensive effort planned by Sandia to develop computer 
codes and models could be reduced in scope. Furthermore, the 
planned experiments involving vertical and horizontal emplacement 
of radioactive wastes underground could be limited to only hori
zontal emplacement tests. Finally, the TRU Waste Orum Durability 
experiment is not needed. All of these reductions could be 
accomplished witnout adversely affecting the legislated mission 
of the WIPP. 

14 Letter, witn Attachment, from the Acting Assistant Secretary 
for Interior to the Chair~an, Senate Committee on Energy and 
Natural Resources, June 29, 1983 • 
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1. Experiments at the WIPP Using Actual Defense HLW are not 
Needed To Support Future Repository Design Efforts. 

Public Law 96-164 defined the WIPP project as a research and 
d.evel~pment facility to demonstrate the safe disposal of radio
active wastes from defense activities and programs. The program 
office interpreted this broad legislative guidance by establishing 
specific objectives for a research and development program. The 
principal objectives of that program are to develop technology 
for the design and operation of the WIPP facility and for future 
repositories for defense wastes. 

We concluded that these objectives could be achieved, and substan
tial, unnecessary costs c~uld be avoided, by using mock and simu
lated HLW instead of actual defense HLW in the experimental 
program. Savings in the WIPP research and development program 
are estimated at $5.2 mil lion, less the cost of some additional 
experiments with simulated radioactive wastes. There would be 
substantial savings in facility costs as well (seep. 30). 
Moreover, there is no apparent need for a repository solely for 
defense HLW. 

Present Plans To Use Actual DHLW are Limited in Scope and Emphasize 
Thermal Effects 

The WIPP research and development program inclu~es only six series 
of tests involving defense HLW related experiments. Three series 
of tests do not involve radioactive material. Of these, one test 
series will use HLW canisters of mock waste (non-radioactive waste) 
to develop safety and handling procedures and build confidence for 
handling actual defensP._ti~~- These experiments involve little in 
the way of new techniques, since the Department's defense programs 
have been handling HLW for years. The other two series of tests 
will obtain data on the thermal (heat) effects of nuclear waste on 
the host salt. The thermal effects of defense HLW will be simulated 
using electric heaters. 

Two of the remaining three series of tests will evaluate waste 
package performance and interaction in the host rock environment 
under in-situ thermal and radiation conditions. These Radiation 
Source Experiments (RSEs) would use cesium capsules to duplicaf; 
the thermal and gamma radiation effects of actual defense HLW. 
Cesium capsules provide an advantage over actual HLW in tnat they 
can closely simulate the thermal and gamma radiation effects, but 
do not require the extensive and costly handling facilities, such 
as a protective "hot cell." 

15 According to SAND 81-2628, dated June 1983, the RSEs are 
optional. In addition, Sandia personnel advised us that there 
are no present plans to exercise this option • 
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The final series of tests, the only series that involves experiments 
witn canisters of actual defense HLW, includes some experimentsl6 
that cannot be effectively replicated without using some form of 
actual waste. These experiments involve only five defense HLW 
canisters of actual waste that have been penetrated or breached 
in order.to measure the leaching/release characteristics of the 
waste f6rm and the near field migration of radionuclides into 
the backfill material and the first meter of salt host rock. 
Although defense HLW must be used to obtain the desired data, 
les~ costly alternatives are available. 

For example, the WIPP In-Situ Testing Plan developed by Sandia 
indicated that data on the leaching and migration of radionuclides 
have been evaluated in the laboratory under simulated environmental 
and geochemical conditions. In addition, ONWI has reported that 
computer codes are being developed by the NWTS program that will 
predict the leacning and migration processes. While it is gener
ally desirable to validate computer models and codes with field 
tests at different locations, we believe that an additional 
validation at the WIPP site is not essential. This view is 
reinforced by the likelinood that, in accordance with the Nuclear 
Waste Policy Act of 1982,17 defense HLW will be commingled with 
civilian HLW in a commercial repository. 

According to Sandia scientists, the thermal effect on the repository 
from heat generated by radioactive decay is the primary concern in 
disposing of radioactive wastes. Based on previous work at Project 
Salt Vault at Lyons, Kansas, radiation effects per se are considered 
of lesser importance. By performing experiments underground with 
mock and simulated wastes, it is possible to achieve the desired 
combinations of temperature, stress, radiation and repository 
geometry to obtain the data necessary to support WIPP operations and 
f u t u· r e r e p o s i t o r y d e s i g n a c t i v i t i e s • I n a d d i t i o n ; t h e e-x. -~ ri me n t s 
with mock wastes alone will provide the data required to develop the 
equipment and procedures needed for safe handling and emplacement of 
defense HLW. 

Findings of Research and Development are Largely Site-Specific 

In the unlikely event that a decision is made to design a future 
repository for only defense HL~. there still is insufficient 
justification for conducting an experimental program with actual 
defense HLW at the WIPP. Since the models and codes appear 
highly site-specific, some validation of the WIPP-generated 

16 The final series of tests involve only 40 OHLW canisters. RSEs 
can be used, in place of actual defense HLW, in tests involving 
35 of these canisters. 

17 The Act mandates commingling of wastes unless an unacceptable, 
adverse impact to defense programs is identified. 



•• 

18 

models and codes would be required for the specific repository 
s i t e . 

According to Sandia, in-situ tests must be done at candidate 
repository locations to validate design concepts and performance
asse~sment models. Therefore, there is a strong possibility 
that to sorne degree many, if not all, the WIPP experiments with 
actual defense HLW would have to be repeated at the future reposi
tory site. 

Overall geotechnical testing at the WIPP to develop and verify 
accurate computer codes was considered unnecessary and impractical 
by WIPP's Technical Support Contractor (TSC).18 The TSC agreed 
that a computer program that used detailed geologic input at a 
given location may produce accurate results in that location. 
However, the TSC also believed that results may not be any good 
at other locations witnin the WIPP facility and would not be any 
good in another repository. 

The site-dependent nature of models and codes also was emphasized 
by ONWI, which is responsible for determining the feasibility of 
a commercial repository in salt.19 ONWI considered salt site
spe1i fie applications of tne computer codes as the major activity 
of the performance assessment task. In addition, ONWI stated 
that the cause and effect relationship for major components of 
each subsystem would need to be developed for a given site and 
its associated parameters. 

Defense HLW Experiments Might Duplicate Work in the Commercial 
Waste Program 

The Nuclear Waste Policy·m-r of 1982 required the President, by 
January 1985, to evaluate the feasibility of disposing of 
defense HLW in a licensed, commercial repository. The Depart-
ment has clearly stated its intention to.dispose of defense HLw 
by "commingling" with civilian HLW in a commercial repository 
unless there would be a significant adverse impact. No signif
icant adverse impact on defense programs has been identified by 
the program office. Therefore, it is unlikely that experiments 
at the WIPP in support of design efforts for a future repository 
devoted exclusively to defense HLW will be needed. If the experi
ments are not needed for a future r~pository, the experiments 
certainly are not needed for WIPP itself, since HLW will not be 
permanently stored there. Finally, the designers of commercial 
repositories have their own testing program; they are not depending 
on the availability of experimental data from WIPP. 

18 Summary Minutes of Meeting Held at DOE/WPO on February 18, 1982, 
to Resolve Comments on SAND 81-2528 WIPP R&D Program: In-Situ 
Testing Plan, January 1982. 

19 Preliminary Performance Assessment for a Nuclear Waste Repository 
in Salt, ONWI, March 1983. 
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The Department's Defense Waste Management Plan, issued in June 1983, 
stated that defense HLW would ~e placed in a commercial repository 
unless there would be unacceptable adverse impacts to defense 
programs. Although there has been no decision on this issue, one 
is e~pected shortly. In accordance with the Nuclear Waste Policy 
Act of 1982, an evaluation of this issue must be completed by 
January 1985. The Assistant Secretary for Defense Programs is 
conducting this evaluation for the Department.20 Since no significa 
adverse impact has been identified, we expect that defense HLW 
will oe commingled with civilian HLW in a commercial repository. 

Although the WIPP experiments with actual defense HLW were justi
fied by the belief that the data generated would be applicable to 
a future repository, there is no indication that the data will be 
used oy the commercial waste program. We compared the WIPP 
research and development program schedule with ONWI's published 
milestones for aeveloping a repository in salt and found no 
indication that results from WIPP's experimental program would 
play a significant role or represent a milestone in ONWI 's plans. 
In fact, ONWI officials advised us that the WIPP project will 
not impact development of the commercial repository facilities. 
The NWTS program will select its sites and designs and construct 
its facilities independent of the WIPP effort. The WIPP project 
is not on the NWTS program critical path and no part of the NWTS 
experimental program is dependent upon a deliverable from the 
WIPP project. Even if the NWTS program schedule was to slip 
several years, there was no indication of plans by ONWI to utilize 
data generated by WIPP experiments with defense HLW in the design 
of a commercial repository. 

Finally, a licensed, commercial repository containing commingled 
HLW would be designed for the more severe conditlons a-nctcrated with 
commercial HLW. Several studies have indicated that commercial HLW 
packages will emit some 20 times more the thermal and radioactive 
output of the reference defense HLW package.21 In view of the 
public concern over nuclear waste disposal, it is doubtful that 
the NRC would issue a license for a commercial repository designed 
on the basis of data extrapolated from the results of defense 
HLW experiments. Furthermore, according to ONWI personnel, the 

20 Draft Report, An Evaluation of Defense High-Level Waste Disposal 
in Geologic Repositories, Assistant Secretary for Defense Programs, 
January 1984. 

21 Comparison of the commercial HLW packages described in "Waste 
Package Reference Conceptual Designs For A Repository In Salt" 
draft, WTSD-TME-001, Westinghouse Electric Corporation, August 
1983, witn the reference defense HLW packages described in 
"Description of Defense Waste Processing Facility Reference 
Waste Form and Canister," DP 1606.-Rev. 1, E.I. du Pont de Nemours 
& Co., August 1983. 
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civilian nuclear waste management program is planning a single 
test program for commercial HLW that will cover a broad range of 
conditions, with the lower range approximating defense HLW 
conditions. 

Conclusion 

Based on our review of the WIPP research and development program 
and the experimental program by ONWI in support of their commercial 
repository design efforts, we concluded that less costly methods 
could be used to oDtain data equivalent to that expected from 
experiments at the WIPP using actual defense HLW. Experiments 
with mock and simulated defense HLW could provide much of the 
data tnat mignt be applicable to a future repository while reducing 
the cost of the WIPP research and development program. In addition, 
computer codes being developed by ONWI, as well as laboratory 
and field tests, wil 1 provide much of the leaching and migration 
data tnat mignt be expected from experiments with breached or 
penetrated canisters of actual defense HLW. 

In comments regarding the mission of the WIPP, the ASDP stated that 
experiments at the WIPP with actual defense HLW were mandated by the 
authorizing legislation. However, a review of the legislative his
tory failed to disclose this specific mandate. 

Also, the ASDP disagreed with the finding that experiments at the 
WIPP with actual defense HLW were not needed. The ASOP stated 
tnat certain effects, such as the combined effects of stress, 
heat, radiation, chemistry an~ scale cannot be demonstrated in 
the laboratory. He said that simulated experiments would only 
provide a small amount of the data required and merely would form 
the base to determine what actual defense HLW experiments would be 
required. Moreover, he said that since radiation is the public 
fear, any experiments that do not use actual defense HLW would 
not be addressing the real concern. 

We agree that, in the unlikely event that a separate repository 
is required for disposal of defense HLW, it may be desirable 
to conduct a demonstration at the WIPP with canisters of actual 
defense HLW. While such a demonstration is not justifiable on 
technical grounds, and it would be extremely expensive, the 
public perception regarding the safety of disposal of nuclear 
waste from defense activities may make such a demonstration 
necessary. But, while the legislation provides for research:and. 
development efforts with "defense wastes," it is not clear that 
the Congress would object to obtaining equivalent data on HLW by 
using mock and simulated wastes if significant cost savings were 
achieved, especially if defense HLW will be commingled with 
civilian waste in a commercial repository. 
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2. The WIPP Research and Development Program Includes Experiments 
Tnat-are not Needed or Could Be Reduced in Scope With Minimal 
Tmpact to tne Project's Stated Mission. 

In early 1982, wIPP project participants reexamined all aspects 
of the project to identify potential areas for cost reductions 
to reduce the overall project cost. Altnough a number of 
areas were identified, Sandia was unable to identify specific 
cost reduction opportunities in the WIPP research and development 
program. As an alternative, Sandia agreed to reduce its research 
and development program Dy $16.4 million, or roughly 20 percent. 
However, there appear to De some additional cost reduction oppor
tunities. A limited review of Sandia's experimental program 
identified two experiments that could De reduced in scope, and 
one that could De cancel led, without adversely affecting the 
overall mission of the WIPP project. 

Computer Codes and Models 

One experiment that could De reduced in scope involves efforts to 
develop and validate computer codes and models for use in a future 
repository. Althougn computer codes and models directly applicable 
to requirements of tne 5-year WIPP demonstration tests are 
necessary, the extensive effort planned Dy Sandia to develop codes 
and models for the design of future repositories is not needed. 

As discussed previously, it now appears doubtful that the models 
and codes generated at tne WIPP site would be used in the design 
of a future defense repository. The WIPP design itself used 
little data from prior experimental work at actual salt sites. 
For i~stance, Project Salt Vault, which.was conducted at .Lyons,_~ .... ~ 
Kansas, from 1965 to 1971, generated considerable data on bedded 
salt. These data were not, however, used to develop the WIPP 
design. There were several reasons for this. First, the error 
Dand of the measurements was too wide. Second, there was poor 
agreement between the laboratory test results and the field test 
data. Finally, computer advances required collection of better 
quality data. We Delieve that until these types of issues are 
fully resolved, there will De a reluctance by designers of future 
repositories to utilize models and codes that were generated at 
the WIPP site. 

In addition, computer codes and models aeveloped and validated 
at the WIPP site may have some application in the design of a 
future repository in Dedded salt, but would have little application 
if the future repository were located in a different host rock •. 
Altnough a decision to commingle defense HLW and civilian HLW in 
a licensed repository has not been made, there are strong indica
tions that the decision wil I favor commingling HLW in the first 
commercial repository, which may not be located in bedded salt. 
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There are several geologic media being studied as potential 
sites for the first commercial repository. In addition to bedded 
salt. the alternatives include domed salt. basalt. ana tuff. In 
accoraance with the Nuclear Waste Policy Act of 1982. tne 
President will recommend a site for the first commercial 
repository to the Congress in 1987.22 Therefore. if a decision 
on the geologic media for the first repository is not expected 
until 1987 at the earliest. it is difficult to justify an extensive 
computer modeling effort at WIPP. 

Fi.nally. as previously stated in an earlier finding. the principal 
arawback to computer models and codes is that their performance 
is highly dependent on the specific characteristics found at any 
given site. This point was continually emphasized by ONWI officials. 
In addition. the properties of salt are influenced by the type 
and amount of impurities. the presence of inclusions and clay 
seams and the specific host media geometry. Although some of 
the WIPP modeling and code work would have some application at 
other bedded salt sites. additional work would be needed to refine 
and validate the models and codes for the specific site under 
study. 

In comments to the draft report. the ASDP stated that salt appears 
to be the leading contender among various host rocks for a future 
repository. Also. he said that the codes and models being developed 
for the WIPP will be applicable to any future salt repository 
with only modest "calibration." 

Nonetheless. at this time. the host rock for the future repository 
has not been selected. According to Sandia estimates, approximately 
$20 million23 has been allocated for long-term efforts to develop 
salt-specific computer codes and models, some of which may have 
application to the WIPP if acf·i'Vities are extended beyond the 
5-year demonstration period. In the worst case, much of the $20 
mil lion will be lost if salt is not selected as the host rock 
for a repository. At best, an additional 25 percent of the cost 
to develop the salt-specific codes and models would be required 
to calibrate them for a future salt site, provided that the 
deficiencies experienced with the codes and models developed for 
Project Salt Vault nave been resolved. In view of these 
uncertainties, an extensive and costly effort to develop codes 
and models at the WIPP for a future salt repository is unwarranted. 

Vertical and Horizontal Emplacement Experiments 

Other WIPP experiments that could be reduced in scope without 
adversely affecting the project's mission include experiments 
to demonstrate the safe handling. emplacement and retrieval of 
RH radioactive wastes. Sandia plans to emplace RH defense waste 
canisters unaerground in botn the vertical and horizontal direction. 

22 Current indications suggest tnat this decision may be delayed 
until 1991. 

23 Constant 1982 dollars. 
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The rationale for vertical emplacement of defense HLW canisters 
is that this mode represents the reference design case.24 Tne 
argument for horizontal emplacement of defense HLW canisters is 
that, from a technical perspective, there appears to be little 
difference in the effect on the geologic media between the emplace
ment modes, but there may be a cost advantage over the vertical 
emplacement mode. Elimination of vertical emplacement experiments 
from the planned research and development program could save at 
least $3.2 mil lion in equipment fabrication costs and an additional 
several mil lions of dollars of design and engineering costs. 

The concept of vertical emplacement of defense HLW canisters 
for WIPP experiments was based on the reference repository 
conditions established by the NWTS program for disposal of 
HLW in a licensed, commercial repository. The reference 
conditions for disposal of HLW canisters included vertical 
emplacement in unlined Doreholes drilled into the repository 
floor. The concept developed for WIPP experiments will use an 
emplacement machine and a facility cask to vertically emplace 
defense HLW canisters into unlined boreholes in the floor of the 
WIPP facility. Several additional pieces of equipment, e.g., a 
drilling machine, would De required to retrieve the canisters. 
Project officials estimated the cost to fabricate the necessary 
equipment at $3.2 million. However, several million dollars 
would also De needed for design and engineering work. 

The concept of horizontal emplacement of WIPP RH TRU waste 
canisters evolved from studies Dy the WIPP program to define the 
most effective concept for storage and subsequent disposal of 
the RH T~U waste. Tne concept utilizes a waste handling machine 
in conjunction with a facility cask and push/pull cylinder to 

""'emplace a RH TRU waste canister into a horizontal borehole fn--
the wall of the WIPP facility. Project officials estimated the 
cost to fabricate the necessary equipment at $1.2 million, plus 
an additional several million dollars for design and engineering 
work. 

The rationale for eliminating the vertical emplacement experiments 
is based on three considerations. First, it is highly unlikely 
that the data generated by these experiments will be utilized. 
For example, Sandia viewed the planned WIPP research and develop
ment program as a significant body of information about the 
generic development of repositories in salt. However, at the 
time of our review, we found no indication that ONWI, which is 
responsible for the design of a commercial repository in salt, 
planned to use data generated by WIPP experiments to support 
their repository design efforts. Also, it appears that the NWTS 
program will need to conduct its own experiments to develop and 
demonstrate handling and safety procedures for emplacement of 

24 The reference repository conditions for disposal of HLW canisters 
were developed by the NWTS program • 
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civilian HLW, since it is likely that defense HLW will oe 
commingled with civilian HLW in a licensed, commercial repository. 
Tne more severe characteristics of civilian HLW, i.e., almost 20 
times the radioactivity and thermal content of defense HLW, 
would dictate that most, if not al 1 of the WIPP vertical emplacement 
experim~nts oe repeated oy the NWTS program with civilian HLW. 

Second, the decision by program officials to vertically emplace 
defense HLW was based on reference conditions developed by the 
NWTS program for a commercial repository. Since the WIPP vertical 
emplacement work very likely would oe repeated by the NWTS program, 
and several studies indicated that there may be little difference 
between the effects on the geologic media from vertical or horizontal 
emplacement, a study at the WIPP limited to horizontal emplacement 
of defense HLW could provide generic data useful to radioactive 
waste management programs and allow further cost reductions in 
the WIPP project. 

For example, several studies indicated that the tnermal effects 
from horizontal emplacement of waste are similar to the effects 
from vertical emplacement. Futnermore, tne studies indicated 
that concerns over differences in the rates of salt creep and 
impediments to retrieval of norizontally emplaced waste from 
excessive sleeve sag may be unfounded. 

A recent study by Sandia involved a thermal analysis of tne WIPP 
repository me~ia by modeling the effects of horizontal and vertical 
emplacement of waste canisters. In each case, the room and heater 
(to simulate thermal effects of radioactive waste) configuration 
was modeled as closely as possible to "real-life" situation. 
Although the horizontally emplaced heater was not buried to the 
same deptn as the vertically empJ ... a..,.c_~d heater (1.83 meters versus 
2.5 mete'rs), Sandia noted that the difference between temperature 
fields and creep rates for each case was not overwnelmingly 
great. The study concluded that, if the neaters were emplaced 
to tne same deptn, more tnan likely tne discrepancies in temperature 
and salt creep would diminish. 

Also, in a report on the 12 W/m2 Mockup for Defense Hign Level 
Waste experiment planned for the WIPP, Sandia considered the 
tnermal effects from vertical versus horizontal emplacement of 
defense HLW canisters. The study noted that temperatures on the 
room surface for horizontal emplacement were very close to those 
for the room with neaters located in the floor. Tnerefore, 
Sandia felt that a structural response for horizontal emplacement 
might be expected to be the same as that for vertfcal emplacement. 
Altnough tne study empnasized tnat tne horizontal emplacement· 
configuration was purely hypothetical and probaoly not realistic, 
Sandia concluded that the room responses for vertical and horizontal 
emplacements were similar enougn to warrant further study. 
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Moreover, an ONWI report on the preliminary results of the 
thermomechanical response of nuclear waste canisters 1n rock 
salt concluded that, from a thermomechanical point of view, 
horizontal emplacement seemed to offer no additional geotechnical 
complexities over vertical emplacement. The report also concluded 
that horizontal emplacement in salt appeared no more problematic 
than the equivalent vertical case. 

Also, studies by both Sandia and ONWI indicated little difference 
in the salt creep rate for vertical versus horizontal emplacement. 
Specifically, a Sandia study of the thermal analysis of the WIPP 
indicated that, in most instances, there was not an overwhelming 
difference in the creep rates observed from horizontal and vertical 
emplacement. In addition, an investigation by ONWI of the sleeve 
sag problem associated with unbalanced buoyancy and salt creep 
for horizontal emplacement found that the creep strains and 
associated sleeve sags were negligible throughout the wide spectrum 
of scoping creep models that were used. 

Third, in addition to the technical considerations that indicate 
little, if any, difference in the effect on the geologic media 
from emplacing waste either vertically or horizontally, there are 
certain cost benefits that could result from conducting only 
horizontal emplacement studies at the WIPP. For example, the 
configuration and weight of the reference RH TRU waste canister 
and the defense HLW canister are similar. Horizo~tal emplacement 
of similar canisters would obviate the need to design and fabricate 
different pieces of equipment to support separate emplacement 
strategies. Since the same equipment, possibly with minor 
modification, could be used to emplace both types of wastes, 
se.v.~r.al million dollars in design, engineering and fabric.ation ... _ ....... 
costs could be saved. 

Finally, it appears that the horizontal emplacement concept might 
provide an overall cost benefit over vertical emplacement for 
disposal of HLW in a repository. A recent ONWI study that 
addressed a thermomechanical analysis of nuclear waste repositories 
with horizontal emplacement concluded that not only did horizontal 
emplacement appear no more troublesome than vertical emplacement, 
but economically, the horizontal case may be desirable. 

In comments to the draft report, the ASDP stated that a strong 
ar~ument could be made to conduct both vertical and horizontal 
simulated HLW experiments at the WIPP to acquire the data base to 
allow the future repository to select the most appropriate design. 
However, according to the Mission Plan recently released by the 
Office of Civilian Radioactive Waste Management, engineering trade
off studies are presently underway in the civilian program to 
analyze key design concepts, among them horizontal versus vertical 
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emplacement of waste.25 Therefore, the experiments proposed for 
the WIPP appear to duplicate efforts already underway 1n the 
Department. 

TRU Waste Drum Durability Experiment 

We concluded that the TRU Waste Drum Durability experiment 
was not needed and could be cancelled with a savings to the 
project of at least $300,000. 

According to Sandia, the TRU Waste Drum Durability experiment 
would study the corrosion experienced by TRU waste drums under 
Mcredible and overtest conditions of handling, emplacement, and 
short term storage in a salt waste repository." The TRU waste 
drum was not intended as a long-term physical barrier, but need 
only resist extensive corrosion long enough so as not to hinder 
retrieval. if necessary. The retrievability period for TRU waste 
drums at the WIPP is 5 years after emplacement. 

The experiment proposed by Sandia will be conducted in-situ, in 
two, mined rooms of the WIPP facility. A total of 42 TRU waste 
drums filled with non-radioactive material will be subjected to 
conditions ranging from emplacement in dry air to immersion in a 
brine pool. Sandia officials estimated the cost of these 
experiments to be at least $300,000 • 

We found that information concerning the durability of TRU waste 
drums for longer periods, and under more adverse conditions 
than will be experienced during the WIPP experiment, was already 
available from other sources. For example, according to Sandia 
reports, corrosion rates 'for the~~~terial used for TRU waste 
storage drums have already been reported. The lifetime before 
uniform corrosion of a bare, unpainted drum was determined to be 
25 years, if immersed iii""'"ail aerated brine pool. The lifetime 
associated with this Mworst case" is over 10 years longer than 
the maximum 5-15 year retrievability period for TRU waste drums 
established for a geologic repository. 

Data are also available for measured corrosion rates of 1018 
steel, used for construction of 210L (55-gallon) TRU waste drums, 
at 2S°C inundated with aerated and deaerated brine as a function 
of humidity, and in contact with dry and moist salt. In addition, 
corrosion rates for bare, unpainted drums have been determined 
for various environments. The lifetimes before uniform corrosion 
of all metal were found to be: 

o 635 years in crushed salt with 0.5 percent water 
o 254 years in 100 percent relative humidity in 

crushed salt 
o 25 years in an aerated brine pool 

25 Mission Plan for the Civilian Radioactive Waste Management 
Program, DOE/RW-0005 DRAFT, Volumes I and II, Department of Energy, 
April 1984. 
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Finally, we found that the WIPP Tsc26 was skeptical of the need 
for experiments of TRU waste drum durability. The TSC felt 
that overtests of humidity, temperature, and brine for TRU waste 
drum experiments were excessive based on the environments that 
were expected at the WIPP and because existing data on corrosion 
had indicated no problems. The TSC also felt that the experimental 
conditions of humidity, brine pool, etc., were not representative 
of credible storage conditions. Also, laboratory tests indicated 
that ~are metal had a lifetime of 254 years in crushed salt at 100 
percent relative humidity, an order of magnitude greater than 
the retrievability period established for the WIPP. Furthermore, 
the TSC believed that investigations of coatings to extend drum 
lifetime, if required, could best be accomplished via simple and 
inexpensive laboratory materials tests. Therefore, the TSC 
concluded that full~size, in-situ tests were not warranted. 

In comments to the draft report, the ASOP stated that although 
the TRU Waste Orum Durability experiment was needed to determine 
the effects of the "worst case" scenario envisioned for the 
WlPP, program officials have recently concluded that these 
experiments could be made an integral part of the required 
retrievability demonstration at the WlPP, thus substantially 
reducing the cost. This integration of the TRU waste drum tests 
as described by the ASDP is an indication of potential economies 
that could result from a comprehensive review of the research 
and development program developed by Sandia for the WIPP project. 

c. Cost of Facilities 

In addition to the cost reduction opportunities identifed in the 
WIPP rei~~rch and development program, we idtntified several 
WlPP facilities that could be reduced in size or possibly eliminated 
without adversely effecting the project's mission. These included 
the hot cell and related facilities and the proposed visitor center. 

1. The Waste Handling Facility is Overdesigned in View of the 
Stated Mission of the WIPP Project 

The stated mission for the WIPP is for a research and development 
facility to demonstrate the safe disposal of radioactive wastes 
resulting from defense activities and programs of the United 
States. In view of WIPP's mission, we concluded that the "hot 
ce11• area of the waste handling facility was overshielded and 
oversized for activities devoted to defense wastes. The potential 
savings in this area are estimated to be in excess of $1 million. 

26 The WlPP Technical Support Contractor (TSC) is the Westinghouse 
Electric Corporation. 
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For example. the design criteria for the hot cell specified 
shielding to limit radiation exposure of workers to one rem 
per year. The shielding criterion was based on surface radiation 
up to 400,000 rems per hour. This criterion far exceeds the 
radiation level that would reasonably be expected under WIPP's 
presently stated mission and research and development program. 

Full-sized canisters of reference composition defense HLW would 
emit surface radiation up to 5,500 rems per hour. For planned 
Movertest" experiments. in which 20 of the 40 defense HLW canisters 
will be "spiked" with additional radioactive material. the surface 
radiation would be increased to 25,000 rems per hour. A criterion 
of 400,000 rems per hour establishes a safety factor of almost 16 
times the expected "overtest" conditions of 25,000 rems per hour. 

Furthermore. in addition to the defense HLW. the hot cell 
facility will handle RH TRU waste. The maximum surface radiation 
for RH TRU waste canisters is 100 rems per hour. Because of the 
relatively low levels of radiation associated with the three 
classes27 of RH wastes to be processed by the hot cell facility. 
we believe that shielding the hot cell to withstand radiation 
levels up to 400,000 rems per hour is overly conservative and 
not needed. 

Also. the present plan is to process no more than one or two 
canisters per day of RH TRU waste (surface radiation at 100 
rems per hour). Moreover. handling of the 40 canisters of defense 
HLW. including the 20 "spiked" to 25.000 rems per hour. will 
occur within the 5-year demonstration period. Thus. relatively 
little time will be spent handling either the 25,000 rem per 
hour material or the lower radioactivity RH TRU waste. We believe 
that the- hot cell facnity shou1d· be shielded in accordance with 
the expected radiation levels and time of handling. 

" Finally. not only does it appear that the hot cell facility is 
shielded far in excess of what is necessary to support WIPP's 
stated mission. but there are strong indications that the hot cell 
may be oversized. For example. in the cost reduction effort 
initiated in December 1981. WIPP's contractors examined the 
waste handling facility for possible cost reduction opportunities. 
Reductions in both the headroom and volume of the hot cell were 
considered high priority study items. 

Both the WIPP TSC (Westinghouse) and the WIPP architect/engineer 
(A/E) (Bechtel) concluded that the primary impact from a reduction 
in the hot cell head room and volume would be the loss of some 
flexibility for future operations. Specifically. Westinyhouse 

27 RH TRU canisters with surface radiation at 100 rems per hour, 
defense HLW canisters at 5,500 rems per hour. and spiked defense 
HLW at 25,000 rems per hour. 
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reported that the only negative impact fn reducing the hot cell's 
headroom would be the •1oss of future flexibf lity.• Regardfng the 
reduction in the hot cell's volume, they stated that •new rail and 
truck casks must be developed. Deletion of [the] bridge mounted 
manipulator will lfmit flexibility for handling off-design 
conditfons.•28 

Bechtel reported29 that a reductfon in the facility's headroom 
would impact the hot cell, transfer cell, cask unloading room, 
conveyance and elsewhere. Whereas such a change would result 
in a •slight decrease in operational flexibility,• it would, on 
the other hand, result in •significant cost savings without affect
ing criteria or current mission.• Using rough order of magnitude 
data, Bechtel calculated that a change could save about $700,000. 
Regarding the volume of the hot cell, Bechtel stated that a 
reduction would result in •further lfmftations on operating flexi
bility and, perhaps, canister throughput,• but calculated (roughly) 
that such a reduction in volume would result in savings of some 
$500,000. 

In the end, the WIPP Project Office decided not to adopt ef ther 
of these two changes, stating that: •the RH waste handling area 
changes and associated RH waste hot cell changes were rejected 
because these options would prohibit flexibility for handling 
larger than normal packages or packages having unusual shapes.•30 

Since the Department has adopted a specific package for defense 
HLW canisters, and since the RH TRU waste canister is of 
similar size and shape,31 overhead clearances far in excess of 
the dimensions of these packages are not needed. In summary, 
the WIPP RH waste handling facility appears to be overdesigned 
in relation to its present mission and experimental program. 
Significant savings may be achieved by resizing the facility and 
reducing its shielding. 

The ASDP did not comment on the fact that the WIPP hot cell is 
shielded to a safety factor of almost 16 times the expected 
•overtestu conditions of 25,000 rems per hour. However, in the 
comments provided, the ASDP reaffirmed the position of the program 
office that excess head room and additional shielding is necessary 
to retain flexibility. In addition, he said that since the 

28 Westinghouse Letter to WIPP Project Manager, January 19, 1982. 

29 Bechtel Letter to WIPP Project Manager, December 24, 1981. 

30 Environmental Analysis - Cost Reduction Proposals, WIPP-DOE-136, 
July 1982, page 34. 

31 The WIPP Waste Acceptance Criteria for RH TRU wastes specifies 
that the waste package size shall be nominally 26 inches in 
diameter with a maximum length of 10 feet, l inch. 
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construction contract for the waste handling facility is expected 
to be awarded in April 1984.32 any savings from reductions in the 
size and shielding of the facility would be offset by the cost 
of reengineering and delays in contract placement. 

2. The Legislated Mission for the WIPP Project Would Be 
Unaffected if the Rot Cell Included in the Waste Handling 
Facility Was Substantially Reduced in Size or Eliminated. 

By eliminating the tests with actual defense HLW. and restricting 
the experimental program to mock (non-radioactive) waste and 
simulated high-level wastes. which do not require a hot cell 
facility. it would become possible to further reduce the present. 
stringent design requirements of the waste handling areas. 
e.g •• a further reduction in the shielding requirements. 

Moreover. as previously discussed, defense HLW will presumably be 
commingled with civilian HLW for disposal in a licensed, commercial 
repository. This occurrence would significantly impact the need 
for conducting experiments at the WIPP for defense HLW. since 
the principal justification for the experiments was to generate 
data for use in designing a future repository for defense wastes. 

At this point, consideration should be given to other options 
for the disµosal of the relatively small quantities of RH TRU 
wastes. Such options could lead to the complete elimination of 
the costly hot cell facility and related areas at the WIPP. 
These options include. for example. the use of an all purpose 
cask for transportation and permanent disposal of RH TRU waste 
at the WIPP. or immobilization of RH TRU waste with defense HLW 
at another facility. e.g., the Defense Waste Processing Facility 
(OWPF) under construction at the Sav~~~~h River Plant in South 
Carolina. 

As discussed in a previous finding on the research and development 
program, demonstrations with mock RH wastes and experiments with 
radiation sources can provide essentially the same data as the 
demonstrations with actual RH wastes. In particular, the experiments 
with mock defense HLW could provide confirmation of equipment 
and procedures for emplacing the waste packages, surveying and 
marking emplacement locations. retrieving by use of remote-handling 
equipment, and demonstrating safe field operations associated 
with emplacement, marking and retrieval. We believe that it is 
not necessary to validate these activities with canisters of 
actual defense HLW. 

Also, Radiation Source Experiments (RSEs) can be used to evaluate 
waste package performance and interaction in the host rock environ
ment under in-situ thermal and radiation conditions. As an 
option, the WIPP experimental program includes tests with canisters 
filled with radioactive c~sium capsules to simulate actual defense 

32 Award of the contract is now expected in June 1984. 
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HLW conditions. The use of cesium capsules in the waste canisters 
can adequately duplicate the thermal output and gamma radiation 
of defense HLW, and adding additional capsules can intensify 
conditions, when desired, for accelerated test purposes. Sandia 
had initially planned to begin experiments with radiation sources 
prior to the completion of the WIPP waste handling facilities 
and without the use of a hot cell. 

The only tests that could not be effectively replicated without 
the use of actual defense HLW are those where canisters have 
been deliberately penetrated or breached in order to measure the 
leaching/release characteristics of the waste form, and the near 
field migration of radionuclides into the backfill material and 
the first meter of salt host rock. Studies indicate, however, 
that the process of leaching and migration is currently being 
addressed elsewhere, and that computer codes to predict these 
processes have been developed by the NWTS program for disposal 
of HLW in a commercial repository. 

Furthermore, since defense HLW will presumably be commingled with 
civilian HLW for disposal in a licensed, commercial repository, 
we believe that most, if not all the experiments at the WIPP 
with defense HLW would need to be repeated or, at a minimum, 
revalidated for a future repository. 

Elimination of WIPP experiments with actual defense HLW provides 
options that obviate the need for the hot cell and related areas. 
This results rrom a change in the primary operational considera
tions at the WIPP for safe handling of radioactive material, 
i.e., a reduction in the levels of radiation from in excess of 
5,500 rems per hour for defense HLW to 100 rems per hour for RH 
TR U w a st e • ·' 

These options include, for example, the use of an all purpose 
cask for permanent disposal of RH TRU waste at the WIPP. Also, 
immobilization of RH TRU waste with defense HLW at a defense 
facility, e g., the DWPF, and subsequent disposal in a HLW 
repository.33 We found no indication that these options had 
been considered. 

In comments to the draft report, the ASDP did not agree that a 
reduction in hot cell shielding through elimination of (actual) 
defense HLW experiments would be cost effective. The ASDP stated 

33 The RH TRU waste inventory is roughly 2.5 percent of the total 
TRU waste inventory projected by 1986. This relatively small 
amount of RH TRU waste could be processed, e.g., incinerated, 
and then immobilized with defense HLW in a defense waste immobiliza
tion facility, such as the OWPF, for subsequent disposal as HLW 
in a commercial repository. 
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that it would defer. for more than a decade. a viable demonstration 
that high-level waste can be safely disposed of and would exacerbate 
the widespread public view that the problem is too difficult to 
solve. 

Public Law 96-164. however. enabled the Department to define and 
implement an appropriate research and development program for 
the WIPP. Selected tasks of the research and development program. 
and the facilities planned to support these tasks. have been 
revi~wed. Further reductions in the proposed experimental program 
and the associated facilities are possible by modifying certain 
activities. especially those that would be impacted by the Nuclear 
Waste Policy Act. For example. the hot cell and related areas. 
which constitute a major facility cost. can be eliminated by 
deferring to the repository site those few experiments involving 
actual high-level wastes. These experiments. the results of 
which are strongly site-specific. are not necessary to satisfy 
the legislated mandate for the WIPP project. 

3. Present Plans to Add a Dining Area/Visitor Center to the WIPP 
Guard and Security Building Would Add Unnecessarily to the Cost 
of the WIPP Project. 

Sufficient facilities will be available at the WIPP to provide 
for adequate dining and visitor areas without constructing the 
elaborate dining area/visitor center currently planned for the 
Guard and Security building. 

The initial design of the WIPP administration building included 
a cafeteria to provide hot food service to WIPP personnel. Plans 
for a separate administration facility were• ~ubsequently cancelled 
as part of the cost reduction effort initiated in December 1981, 
and many of the administrative functions were accommodated in 
a multi-purpose facility, the Waste Handling and Support building. 
Plans for a cafeteria were not dropped completely, since the 
design of a smaller lunchroom, without a hot food service area, 
was included in the Waste Handling and Support building design • 
The building design also included two conference rooms that could 
hold 30 and 50 people respectively. 

At the request of the WIPP Project Office, in April 1983, the 
WIPP A/E developed three alternative designs for a guard and 
security building that would include provisions for a visitor 
center. The alternatives varied from the design of a building 
costing $129,000 that included a small area to meet visitors and 
a small display area, to a building costing $182,000 that included 
an auditorium with a three-screen visual display capability. 

Subsequently, the WIPP Project Office suggested a more sophisti
cated design that included dining facilities for 150 people and 
an additional dining room with food preparation facilities for 
20 people. The design was to include the capability to convert 
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the larger dining area into a visitor orientation area. 
September 1983, the A/E submitted the requested design, 
included an estimated cost of $970,000 for construction 
$62,500 for design. 

In 
which 
and 

The nimber of visitors to the WIPP site currently averages from 
10 to 15 people. Present plans are to set aside a portion of an 
almost completed warehouse as a visitor briefing area. In addition, 
project officials indicated that briefing rooms already designed 
into the Waste Handling and Support building could be used for 
briefings for site visitors. These briefing rooms are more than 
adequate to provide almost all of the visiting groups a briefing 
area. Arguments that visitors might disturb the work routine 
are not valid, since visitors will normally receive tours of 
work areas. 

Moreover, approximately half of the WIPP personnel will normally 
be located underground, and would, in all probability, take their 
meals underground, as is common practice in mines. The above 
ground dining facilities in the Waste Handling and Support 
building would be used by the support building personnel and 
probably by the waste handling personnel as well. 

We concluded that the initial design alternatives for the Guard 
and Security building submitted by the WIPP A/E in April 1983, 
included adequate provisions for a visitor area. If one of 
these alternatives were adopted in lieu of the elaborate design 
presently planned for the WIPP, a cost savings of at least 
$800,000 could be realized. 

In comments to the draft report, the ASDP indicated that occasionally 
the requirements for conference facilities at the WIPP site will 
exceed the capacity of existing conference rooms. No nearby 
facilities are available to augment the WIPP facilities due to 
the remoteness of the site. Also, cafeteria facilities would be 
utilized by up to 135 WIPP personnel on the day shift, in addition 
to visitors to the WIPP facility. The ASDP also stated that 
adopting a less costly alternative for the dining area/visitor 
center would result in a savings of only $460,000. Nonetheless, 
the planned facility would be needed to support the expected 
numbers of dignitaries and visitors with the "highest degree of 
professionalism and courtesy." 

The justification for a dining facility to accommodate up to 135 day 
workers and occasional visitors is weak. For example, lunch 
periods could be staggered to limit the number of personnel that 
would utilize the facilities at one time. Also, it is unlikely that 
all of the personnel would take advantage of the dining facilities. 
Therefore, the lunchroom presently planned for the support building 
should oe adequate. Furthermore, on the rare occasion that large 
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groups of visitors are on site, accommodations could be made 
available in the various facilities, such as the conference rooms, 
training rooms, and warehouse and other large working areas, 
that.are planned for the WIPP site. Food services for large 
groups could be provided in several ways, such as through the 
use of a food catering service on an as needed basis. 
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Appendix A 

TECHNICAL NOTEsl 

Concerns Raised to the Inspector General 
Related to Storage of Certain Transuranic 
Wastes at the Waste Isolation Pilot Plant 

Requirement for a Din'ing Area/Visitor Center 
at WIPP 

Necessity for a Water Pipeline from Carlsbad 
to the WIPP Site 

The WIPP Quality Assurance and Safety 
Programs 

Im act of Underl in Brine Pockets on the 
Waste Isolation Pilot Plant WIPP Project 

Technology Transfer for the WIPP Project 

Requirement for a WIPP Airstrip 

The WIPP Research and Development and Experi
mental Programs 

ineer 

Potential Cost Reductions in the WIPP R&D 
Program 

Administrative Land Withdrawal for WIPP Site 

Adequacy of the Waste Isolation Pilot Plant 
(WIPP) Project 

Tne Appropriateness of WIPP's R&D Program 

The Disposal of Immobilized RH-Defense Wastes 

WIPP's Cost Estimates 

Design of WIPP's RH Waste Handling Faci!....!.!l 

WIPP Lease Issues 

WIPP Land Withdrawal and Deposition of Nuclear Waste 

l These Technical Notes are availaole on appropriate request 
from the Office of Inspector General, U.S. Department of Energy, 
Washington, D.C., 20585 • 
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United States Government 

Appendix B 

Department of Energ 

memorandum 
DATE: ·. i-'1... :.;, ·.> 1304 

REPLY TO 
ATTN OF: 

SUBJECT: 

TO: 

DP-12 .1 

C01m1ents on Draft Inspection Report on the Waste Isolation Pilot Plant 

James R. Richards, IG-1 

We have revie\ted your draft inspection report on the Waste Isolation Pilot 
Plant Project (WIPP~. Our detailed cor.ments are attached. 

The Departr.M!nt of Energy (DOE), the Administration, and the Congress are 
cor.tnitted to reversing the open-ended "interim" storage approach to 
radioactive waste which has been in effect for decades. This cor.r.iitment is 
clearly articulated in the Defense Waste Manageaent Plan and is fully 
supported by Congress and the Administration. WIPP is the cornerstone of 
Defense Program's activities to demonstrate conclusively that waste disposal 
is technically, institutionally, and politically achievable. Our progress 
on WIPP in the last 3 years has been significant in furthering the interest 
of the Departr.ient and the Nation in this regard. 

The mission of WIPP is clearly set forth in Public Law 96-164 and its 
~ ~~-; ~ lative history. The DOE implementation of that statute has been 
reviewed in detail with each budget cycle and on many special occasions. 
There has been no challenge to our i~plementation of the gission--disposal 
of transuranic waste and important experiments with high-level waste. 

L'"' ... L 

Our progress in design, construction, and controlling cost has been 
recognized as unique for a project of this size and importance. The design 
is sound and workable and construction progress is excellent. The total 
project cost has been reduced $255 million with additional savings currently 
being examined. With these savings, the schedule has been improved by 18 
months. We must not lose this opportunity to show the public what can be 
done with clear direction, timely funding, and aggressive attack on an 
important national problem perceived by many to be without solution. 

The Project's progress on the institutional relations front is a model for 
future repository developraent. The relationship with the State of New 
Mexico is iraproving steadily. The institutional and political problems are 
the most difficult to solve--the technical problems are easier. It is 
difficult for anyone outside the prograra to appreciate the complexities of 
the nontechnical issues and the painful progress that typically comes in 
small steps. In the WIPP Project, meaningful progress is being lilade on all 
fronts . 
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The Departoent's approach to the experimental program is sound and well 
accepted in the technical cor.ll1Unity. Experir.lental results are being shared 
with the Office of Civilian Radioactive Waste Management (OCRWM} prograr.is. 
WIPP is having an impact on those prograas, and we believe that in the 
future the contribution will be seen to have increasing significance. In 
view of what may be a lack of understanding of WIPP's i~portance to civilian 
programs, we have solicited the vi e\·ts of OCRWM. A copy of our memorandum to 
then is attached. You aay want to consider their response before issuing 
your final report. 

We believe very strongly that WIPP, as it 1s being imp·leraented has 
widespread support and interest in the technical co1T1:1Unity. This support 
and interest includes both United States and international waste management 
activities. Your draft report questions the importance of WIPP to the 
future of transuranic and high-level waste disposal in the civilian arena. 
The National Acadeqy of Sciences panel on WIPP has provided conclusions and 
recor.111endations supporting our decisions concerning WIPP. We take very 
seriously their advice and counsel. In response to your expressed concerns, 
we have again sought the Acadeqy's views on these issues. Our letter to the 
Acader.iy is attached. Again, you raay want to consider their response in a 
final report. 

Specific actions that we are taking to address the report's findings and 
recor:1T1endations are contained in the detailed cor.r.lents. We would appreciate 
an opportunity to review the report after your consideration of these 
C Or.lr.le n t S • 

3 Attachr.ients 

Robert • Morgan 
Deputy Assistant Secretary 
· · for Defen·se Programs 
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Cor.rnents on IG-40, dated March 7, 1984 

General Colil'.lents 

The Departf.lent of Energy (DOE) and Defense Programs are cor.r.iitted to reversing 
the open-ended •interim 11 storage approach to radioactive '~aste which has been 
in effect for decades. This colilTlitment is clearly articulated in the Defense 
Waste Management Plan and is fully supported by Congress and the 
Administration. WIPP is the cornerstone of our program to demonstrate 
conclusively that waste disposal is technically, institutionally, and 
politically achievable. Our progress on WIPP over the last 3 years his been 
exemplary in furthering the interest of the Department and the Nation in this 
regard. 

The mission of WIPP is clearly set forth in Public Law 96-164 and its 
legislative history. The DOE implementation of that statute has been reviewed 
in detail with each budget cycle and at other critical points as required by 
DOE's procedures for major systems aquisition. There has been no question 
about DOE iraplementation of the mission--disposal of transuranic waste and 
important experirnents with high-level waste. The intent of Congress is 
crystal clear, and support by this Administration is uns~rving. 

The draft Inspector General's (IG) report does not reflect the clear 
congressH>rla'T rnanda'te expressed in the legislative history to take positive 
action to demonstrate that radioactive waste could be isolated in a safe and 
ti1:1ely manner. The timeliness was to be attained by not accepting high-level 
waste (HLW) for disposal at WIPP (avoiding the licensing process) and 
verifying that the high-level waste isolation issues were tractable by 
demonstrating, in a realistic way, that no unrecognized technical or 
operational problems exist. The research and demonstration program of WIPP is 
a program designed to accomplish that legislative mandate • 

The major thrust of the draft IG report is: 

1) to challenge the timeliness, usefulness, and transferability of WIPP data 
and deoonstrati ons to other waste manager.ient programs, 
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2) to conclude that WIPP's thermal structural interaction (TSI} program to 
develop rock mechanics codes cannot be applied to other programs, and, 

3) to ~onclude that alternative experiments and research (such as more 
laboratory work or mock waste testing} are available to eliminate the 
fn situ defense high level waste (DHLW) program. 

Transferab i 1 i ty 

The report questions whether data from WIPP would be of value to other 
repository programs and particularily other salt programs. Both timeliness 
and usefulness are questioned. WIPP is at least a decade ahead of other 
programs in addressing the relevant issues with in situ tests and 
demonstrations. This project will provide conclusive proof to both the 
technical critics and the skeptical public that radioactive waste management 
issues can be handled. 

There are, in fact, significant opportunities for comnercial program 
management to incorporate the experiences and research results of WIPP. 
Discussions are now taking place on how to do this better. All WIPP plans and 
research reports a~e publicly available and dis~r;byted to the Office of 
Nuclear Waste Isolation {ONWI} and their contractors. We are already 
beginning to see evidence that the Office of Civilian Radioactive Waste 
Management (OCRWM) exploratory programs are being patterned after the WIPP 
Site and Preliminary Design Validation Program. We fully expect DP/OCRWM 
interaction to increase significantly as the WIPP research prograrn accelerates. 

In view of the report's position on the utility of WIPP to civilian waste 
repository efforts, we have solicited a management position from OCRWM. That 
memo is attached to these comments. You may want to consider their response 
in your final report. 

The National Academy of Sciences {NAS) has been reviewing the WIPP Project. A 
panel on WIPP was established in 1978 under the Academy's Board on Radioactive 
Waste Management. The essence of the panel's role is to insure that WIPP 
proceeds on a sound technical basis. 
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The NAS was chartered by the Congress during the Lincoln Administration to 
conduct scientific research for the Government. Executive Order 2859 
(August 11, 1918) established the role for NAS to seek to establish 
cooper~tfve links between Government and non-Government research activities. 
Executive Order 10668 (May 12, 1956) established further objectives for the 
NAS for the promotion of research and efforts to avoid duplication fn 
research. This later executive order also established a role for bringing 
foreign and United States research efforts together and gathering scientific 
data from public and private sources. This Executive Order specifies the 
process by which the Government is represented on the National Research 
Council. 

NAS, therefore, has a unique responsibility and capability to reach consensus 
positions in the scientific conmunit;y. This is recognized by the scientific 
co!ll11unity on a worldwide basis. In light of the unique capability and 
expertise of the NAS, the Project takes very seriously their advice and 
conclusions. The issue of transferability of WIPP program data has been 
addressed by the Academy, and their conclusion fn July 1983: 

•consequently, the opportunity to carry out R&O on ~mplacement and 
retrievai of a variety of waste forms, particularly high-level waste, fn 
a real underground salt repository at depth, is an important aspect of 
the Waste Isolation Pilot Plant (WIPP) program. 

•Much of the information from the investigation of the Carlsbad site and 
all of the technology being developed by this project are applicable to 
any repository located in domed or bedded salt and licensed for 
high-level and transuranic defense and connercial wastes.• 

A procurement action is now underway to extend the NAS contract through the 
start of waste receiving operations. Their essential charge remains 
unchanged--insure that WIPP proceeds on a sound technical basis. A major part 
of the NAS work will be an independent scientific and technical review of the 
experimental program. 
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It is the Department's position that WIPP data is useful and timely for design 
and construction of civilian waste repositories. Most importantly, it will 
address the technical concerns about isolation of heat-producing wastes in 
salt long before a coriwnercial in situ test facility is available. The ONWI 
statements to the contrary should be viewed as a nontechnical position 
(unapproved by management) which they may feel required to take in view of the 
differences between programs. We believe ONWI concerns are not related to the 
technical value of the data and the evaluations but whether the information 
gained could be used in a licensing action. For these reasons the WIPP 
program documentation and quality programs are designed to comprehensively 
meet licensing standards. (See NAS conclusion.) 

Computer Code Development 

A second major point raised in the IG report is WIPP's development of rock 
mechanic codes. The conclusions reached in the report may result from an 
incomplete understanding of the concepts behind the development and use of 
modeling codes. A conclusion is reached that numerical analysis codes are 
useful only for the location where they are validated. This is not the case. 
The codes, once verified, have wide applicatio'!_.~to other salt sites. To apply 
them with confidence simply requires that the values for the constitutive 
parameters and stratigraphic model for the specific site be determined for 
input to the code. Modest data acquisition for confidence in code calibration 
is necessary, but an extended period of data acquisition solely for code 
validation will not be required. To support this position, it should be noted 
that just recently the WIPP program received a request from ONWI for access to 
the rock mechanics code under development by Sandia National 
Laboratories (SNL). This request will be supported. The IG report should 
note that the WIPP thermal-structural interaction (TSI) program is designed to 
substantially improve and validate a code for use at WIPP and transfer to 
ONWI. The report's conclusion with regard to code development is incorrect. 
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Alternative Experiments 

Finally, the report's position that an adequate early demonstration of the 
ability to dispose of DHLW could be attained without using DHLW would not 
withstand scrutiny frora the scientific, political, and public conmunities. 
Simulated OHLW experiments and configurations would not address their concern 
over whether realistic tests and demonstrations with actual waste had •proven• 
its safety. In fact, the actual in situ and potential in situ environments 
under which DHLW must be tested (pressure, temperature, radiation, and scale 
effects) cannot be simulated in the laboratory and must be done underground. 
Again, the NAS position is a clear indication that the Department's strategy 
with regard to WIPP experiments is correct. 

A major institutional concern in disposing of nuclear waste is the development 
of credibility in the public mind. This cannot be accomplished with simulated 
waste. Ag·ain, the National Academy of Sciences has addressed the in situ 
experimental program and concluded: 

•rhe WIPP facility offers an opportunity for professionally executed 
emplacement experiments, using present waste form concepts and equipment, 
in an actual repository operation. This will be possible years before 
any comparable repository is available. Results of experiments with 
high-level waste in WIPP can bring decisive experience to the design of 
future repositories." 

In sur.tnary, it is our judgement, considering the relatively small cost of 
conducting high-level waste experiments in WIPP compared to the total cost of 
WIPP or another salt repository, that the Department would be negligent in not 
conducting these high-level waste experiments of significance to future salt 
repositories. 

Conclusions 

Although most of the individual points and details addressing the IG concerns 
regarding the benefits of the technical R&D program were addressed by the WIPP 
Project Office (WPO) in early comments on the technical notes prepared by the 
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IG staff, we do not believe that these comments were adequately considered and 
we suggest that a final report fully respond to these cor.1r.1ents. 

The IG ~eport did not recognize the major accomplishments of WIPP. Progress 
fn design, construction, and controlling cost is unique for projects of this 
size and importance. The design is sound and workable, and construction 
progress has been excellent. The total project cost has been reduced $255 
million with additional savings currently being implemented. With these 
savings the schedule has been improved by 18 months. We must not lose this 
opportunity to show the world what can be done with clear direction, timely 
funding, and aggressive attack on an important national problem which is 
perceived by many to be without solution. 

The Department's progress on the institutional front is a model for future 
repository development. The relationship with the State of New Mexico is 
improving steadily. The institutional and political problems are the most 
difficult to solve--the technical problems are easier. We appreciate that it 
is difficult for those outside the program to fully understand the 
complexities of the nontechnical issues and the painful progress that 
typically comes in small steps. In the WIPP Project, meaningful progress is 
being made on all fronts. 

WIPP has received widespread review and support in the technical co11r.1unity 
frorn both United States and international waste management programs. The 
National Academy of Sciences panel on WIPP has provided conclusions and 
recormiendations important to decisions concerning WIPP. We take very 
seriously their advice and counsel. In response to your expressed concerns, 
we have again sought the Academy's views on these issues. Our letter is 
attached to these comments. Again, you may want to consider their response in 
a final report. It is imperative to the credibility of the Department and the 
final report that the most competent views on this important issue be included. 

The WIPP Project is cost effective as ft is planned, designed, and 
constructed. We believe that its impact on civilian waste repository efforts 
will be significant. The civilian program is complex and costly and a 



Jt'fll 

... 

,, .. 

7 

repository may not be available until the next century. We believe that even 
small improvements in civilian repository schedules, due to WIPP influence, 
will reap generous cost savings in addition to solving an important defense 
waste disposal problem. 

Other issues raised in the draft report are addressed in the specific co11111ents 
that fo 11 ow. 

Specific C01T1T1ents 

Pg. 3, Land and Siting Issues 

As stated in the Final Environmental Impact Statement (FEIS), acquisition of 
potash leases which predate initiation of the WIPP project has been planned 
since the inception of WIPP. Because of the depressed state of the potash 
industry in the Carlsbad area and the competition from foreign sources of 
potash, the potash leases within the WIPP site may never be developed. 
Presently, potash obtained from the Dead Sea in Israel can be delivered to the 
principal Mississippi port at a lower cost than potash mined in the Carlsbad 
Potash District. Thus, development of these leases may not be economically 
feasible in the forseeable future, and lease acquisition by DOE should be 
delayed as long as possible. 

Improvements in extraction technology may eventually permit mining of the 
potash, which is 400-700 feet above the repository horizon, without any impact 
upon the WIPP facility. Further, because the existing leases are small 
(one section) it is not at all cost effective to extract these minerals given 
the facts cited above and the large capital investment required for 
extraction. Therefore, the need to condemn potash leases is viewed as an 
extremely unlikely ~vent. We have deleted the $17 million allowance in the 
budget for condemnation payments and do not view this situation as a problem. 

The conclusion that WIPP could be completed without any guarantee of being 
able to emplace waste is strictly speaking correct. The Department intends to 
subr.iit land withdrawal legislation to address this issue in January 1985. The 
intended approach was coordinated with appropriate congressional cor:1i11ttees 
and the Bureau of Land Management (SLM) in r.iid-1983. 
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This •problemu fs not unique to WIPP; ft is faced by every project and 
program. There is no guarantee that Congress will continue .!!!l project from 
one year to the next. There is also no guarantee that Congress will provide 
operating funds for any project, once constructed • 

Although the existing administrative land withdrawal does not allow 
emplacement of radioactive waste, that provision could be administratively 
'.changed by th~ BLM. The statement is incorrect that a legislative withdrawal 
f s required before emplacement of waste. No provision of the Federal Land 
Policy and Management Act (FLPMA) would prevent emplacement of waste under an 
appropriately worded administrative land withdrawal. The Department of the 
Interior (DOI) has simply made a policy call in the current withdrawal not 
permitting waste emplacement which is always subject to change. 

Pg. 3, Research & Development 

The facts do not support the IG findings that the WIPP R&D program with actual 
DHLW can be eliminated or reduced in scope with ·~fnimal impact to the 
project's stated mfssion.u The WIPP R&D mission cannot be accomplished 
without the use of actual DHLW. While some elements of the concern for 
disposal of DHLW in salt may be addressed with electric heaters and some may 
be explored with other waste forms, such as cesium cdpsules, there are other 
technical issues for which resolution will never be satisfactorily 
demonstrated without employing actual DHLW waste forms. The combined effects 
of stress, heat, radiation, chemistry, and scale cannot now be demonstrated in 
the laboratory. It is imperative that knowledge be acquired as to how the 
waste and environment interact in order to fully address relevant concerns 
about potential waste form leaching in the backfill. Also, credibility of the 
demonstration is a must in these programs; anything less than realistic test 
environments will be taken by the public and critics as an admission that a 
•real" demonstration was too difficult or unsafe. 
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Pg. 4, Cost of Facilities • 

We do not agree that savings which might accrue frorn reduction of hot-cell 
shielding through elimination of DHLW experiments would be cost effective. 
This would, in fact, inhibit important waste management goals. Elimination of 
DHLW tests and demonstration programs would be a major setback for DOE's waste 
management program. It would defer, for more than a decade, a viable 
demonstration that high-level waste can be safely disposed of and would 
exacerbate the widespread public view that the problem is too difficult to 
solve. The capability to achieve meaningful waste disposal demonstrations has 
taken decades to accomplish. It would be a major setback and simply unwise to 
eliminate what has taken years to establish for a rather insignificant saving. 

We also do not agree that the guard/security center which also includes 
visitor reception facilities adds unnecessarily to the cost of WIPP. The 
inability of DOE to accommodate large groups and important high ranking local, 
State, Federal, industry and foreign officials would seriously detract from 
the credibility of the program. A value engineering study has been initiated 

, to assure that only cost effective facilities are constructed. Some cost 
savings have already been identified. 

li.4 

Pg. 5, Item 1 

This recoll111endation has been completed. Drafts of proposed legislation to 
withdraw 1he WIPP site lands have been prepared, and a strategy for obtaining 
a legislative withdrawal has been determined. The report simply does not 
recognize that a viable strategy exists and that ft has the full concurrence 
of the congressional connittees involved and the New Mexico Congressional 
Delegation. Legislation wf 11 be submitted in January 1985 to permanently 
withdraw the WIPP site for exclusive DOE use. This will include the authority 
to emplace radioactive waste. 



, ... 

.. 

10 

Pg. 5, Item 2 

We have no objection to a cost/benefit review of the WIPP R&O program by 
knowledgeable people. The National Acadell\Y of Sciences will be available for 
such.~ review once their existing contract is extended. It should be noted 
that we have completed extensive peer reviews of the experimental program. 
These reviews have resulted in modifications of the program. The report's 
conclusion that the Nuclear Waste Policy Act (NWPA) impacts the experimental 
progra~ does not follow logically. The high level waste (HLW) experiraents at 
WIPP are designed to demonstrate the disposal of defense HLW within the 
context of the basic mission. 

Pg. 5, Itera 3 

The waste handling and support building are designed to provide important 
operational and safety flexibilities. There is no viable opportunity to 
reduce shielding at this time since the design package is out for bid. 
Knowledgeable operations and design engineers have reviewed the cell sizes, 
shielding, and headroom. A conscious decision was made to retain the planned 
flexibility due to insignificant construction cost savings. Pilot plant and 
experimental facilities frequently turn out to be too small and have 
insufficient flexibility for future R&O. It fs then to_o late and too costly 
to enlarge them. Reductions would be a serious error, and the potential 
savings are small. 

Pg. 5, Item 4 

The guard and security building will be reviewed to assure cost 
effectiveness. However, only minor changes are anticipated. There is good 
justification for its size and capabilities. WIPP will be the national and 
international center of attention for repository development • 
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Pg. 7, Para. 2 

The NWPA requires a Presidential decision on colllTlingling of defense and 
c0111nercial waste. This, however, does not alter the fact that DHLW was never 
to be disposed of in WIPP, but in some other licensed facility. Salt was, and 
fs still, a prime contender for the host rock for a licensed repository; and 
the need for early and rapid resolution of technical issues regarding disposal 
of radioactive wastes in salt is, therefore, not altered at all by this NWPA 
requirement. 

Pg. 8, Para. 2 

The congressional view of WIPP is misinterpreted by this report. The Armed 
Services ColllTlittees wanted WIPP to proceed with its R&D mission as rapidly as 
possible. They believed that the prior Administration's changes and 
objectives would not enable achieving the goals they wished to see WIPP 
accomplish, namely, to demonstrate as rapidly as practical that defense wastes 
could be isolated in a safe and acceptable manner. For this and other 
reasons, the Nuclear Regulatory Colllilission (NRC) licensing involvement was 
proscribed by Congress. Congress agreed that the WIPP Project was fndeed 
manageable and in 1979 authorized another $22 million for its continuation. 

Pg. 10, Para. 2, Line 7 

The atte~pts by Congress to restrict the scope of WIPP to R&D on defense 
wastes was not directed at the DHLW experimental program but rather to what 
was then a program involving cor:r.iercial waste and spent fuel from nuclear 
power plants • 

Pg. 11 

The entire legislative history, as outlined in this report, should be taken as 
a clear statement of congressional desire and intent to proceed with a 
defense-waste-only R&D facility, unhindered by encumbrances that would occur 
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if it were linked to the conrnercial program. The report's suggestions for 
change in the approach to the R&D mission at this late date are inconsistent 
with clear and continued congressional direction. Passage of NWPA does not 
change the need for early demonstration that isolation of HLW in salt is 
vfable. 

Pg. 12 

The R&D concepts first conceived for WIPP in 1977 have been subject to DOE and 
congressional review annually. The stater.tent that the project N ••• design 
seemed more ambitious and broader in scope than the Congressional 
authorization ••• •is not consistent with the legislative history. 
Successive authorizations and appropriations have affinned the program 
objectives. Those experiments and demonstrations planned for WIPP are only 
those that are needed to demonstrate that the technical concerns are tractable 
and that large-scale waste handling operations may be safely conducted. These 
yearly reviews by the Department and the Congress are not acknowledged by the 
report. 

Pg. 13, Para. 1 

Even though an NRC license is not required for WIPP, the R&q~i~_pursued and 
documented in a manner which will allow full use of the experimental data by 
other parties who must work in a licensing atmosphere. 

Pg. 14, Para. 2, Lines 4-7 

One of the values of WIPP is that it allows concepts that may be beneficial to 
be evaluated well ahead of implementation. It may prove to be desirable to 
place even HLW in salt beds with clay impurities so that sorption of leakage 
products could occur close to the waste containers. If no significant 
undesirable effects are noted on the WIPP experir.lents, then the requirement 
for •thick pure• salt could be deleted from the colllilercial waste program. 
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Pg. 18, Para. 1 

This paragraph should also acknowledge that many of the WIPP experiments are 
required for the purpose of addressing the long-term behavior of the WIPP 
facility ·itself. 

Pg. 20, Para. 2 

The report is incorrect in assessing the purposes of the long-term 
experiments. Both the near-term and long-term objectives have application to 
the WIPP itself. For instance, the long-term experiment to understand and 
predict room closure and backfill recompaction is clearly required for WIPP. 
If there is a division of experimental worth to WIPP and to a future 
repository, then it is the reference case heated room Croom Al, A2, and A3) 
and DHLW waste package tests that have less value to WIPP. The implication, 
that a majority of the •technology• experiments are of value~ to a future 
repository is not correct. Most of the TSI experiments also provide data for 
evaluating the behavior of rooms and backfill under ambient conditions. The 
induced behavior may be accelerated by elevated temperatures, as in room B, to 
allow assessment of results in terms of long-ten:i predictions in a more 
reasonable time frame. 

4 .... ~ .•• 

Pg. 21, Para. 2 

The TSI and waste package experiments originally proposed were reviewed by a 
peer group of technical experts. The peer review group modified some tests, 
but concurred that the experiments were examining the proper issues in the 
proper way. It is generally agreed that TSI and plugging and sealing issues 
can only be adequately examined in large-scale in situ tests. The factors for 
a realistic test (pressure, temperature, radiation, chemical environment) of 
waste package issues can only be achieved underground. 
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Pg. 23 

Only two companies (Kerr-McGee and IMC) presently hold potash leases within 
the WIPP site boundary. As stated in the FEIS (Section 8.1.4), the DOE would 
take action to obtain the rights to a lease if the lessee files an application 
to develop a lease. DOE has considered the possible requirement to acquire 
the potash leases and views the event as unlikely. (See General Contnents.) 

Pg. 24 

The findings correctly state that there are two possible means of obtaining 
the authority to emplace nuclear wastes in the WIPP facility, since action by 
the Secretary of the Interior to modify the existing adlilinistrative withdrawal 
to allow waste emplacement is not prohibited under the terms of FLPHA. 
Speculation with regard to possible DOI actions is not likely to resolve the 
situation. In any event, a fully coordinated strategy is in place. (See 
General Conr.lents.) 

Pg. 25 

The R&D program did not provide the same detail for the cost-reduction program 
as did the design and construction segments because the program had not,·at 
that time, been sufficiently detailed to define specifics. R&D is difficult 
to examine with a rigorous cost/benefit methodology since it is impossible to 
put a dollar value on the data. However, the initial estimates, which were 
based primarily on numbers of instrument channels required, were reduced 
significantly. These reductions have led to less redundance in 
instrumentation not always a desirable aspect when acquiring data in a 
difficult environment and over long periods of time. Various experiments were 
examined as to need; the present program has only those elements required to 
address issues of unresolved technical concern. 



'j .v 

' ~ 

'" 

. ' 
Ii• 

t 
I 

"'" t 
<j, 

"'' 
Ci' 

•• 

15 

Pg. 26, Lines 9-10 

These objectives cannot be achieved without the use of actual defense HLW. 
Some elem~nts of the concern for disposal of DHLW in salt may be addressed 
with electric heaters and some may be explored with other waste forms, such-as 
cesium capsules. However, there are other issues for which resolution will 
never be satisfactorily demonstrated without employing actual DHLW waste 
forms. There are technical issues that require conducting experiments with 
actual waste forms. The combined effects of stress, heat, radiation, 
chemistry, and scale cannot now be demonstrated in the laboratory. It is 
imperative that knowledge be acquired as to how the waste and environment 
interact in order to fully address relevant concerns for waste form leaching 
and transport in the backfill. Also, credibility of the demonstration is a 
must in these programs; anything less than realistic test environments will be 
taken by the public and critics as an adr.!ission that a "real" demonstration 
was too difficult or unsafe. 

Pg. 26, Para. 2 

Whether or not defense and corrrnercial high-level wastes are cor.irningled does 
not impact the conduct of the WIPP Project. This paragraph leads to no 
logical conclusion. 

Pg. 27, Para. 1, Lines 3-7 

We do not concur that the DHLW demonstration is without technical 
justification. The only way all the relevant conditions can be brought to 
bear is by in situ tests with actual waste forms. Also, the report generally 
is not sensitive to the importance of demonstrations to public confidence and 
a··ceptance of a waste disposal option. That may be as important to the 
p1·ogram as the resolution of specific technical issues. We are pleased that 
the authors at this point acknouledge the importance of public perception. It 
is a fact that things~ what they are perceived to be. The waste disposal 
issue is perceived by some to be without solution . 
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Pg. 27, Para. 2, Lines 6-9 

We do not agree with the stated conclusion. Simulated experiments are a part 

of the WIPP R&D program, but they provide only a small fraction of the data 
requ1red. They do form an essential base to allow determination of which DHLW 
experiments are required. 

Pg. 27, Para. 2, Lines 9-13 

It is not a credible position that computer codes, without actual in situ 
validation, will prove anything or provide convincing infon:iation to the 
technical community. Laboratory tests (which have been done for WIPP) will 
need the verification and synergism available from in situ tests before being 
fully accepted. And it should be emphasized that WIPP can perfon:i these 
insitu tests at least a decade in advance of any ONWI program. ONWI has no 
site today for performance of radioactive field tests despite continuous 
effort to acquire such a test site. 

It is interesting to note that in 1982 the Departr.ient wanted to conduct heater 
experiments in a salt mine near Cleveland, Ohio. The task became so highly 
politicized that it was eventually abandoned. The incident is mentioned to 

.. -, . ,._ 
point out the difficulty in making technological progress without 
consideration of institutional issues. 

Pg. 27, Footnote 2 

This report uses different terminology than that used by WIPP. Apparently, 
the report uses the phrase "simulated waste" to mean radioactive sources whose 
radioactivity is supplied by cesium. WIPP uses the phrase to mean 
nonradioactive sources, ones where only the physical size and shape and the 
therr.ial output are simulated. The radiation source experiments use.sources 
that we refer to as cesium-capsule sources. WIPP uses the phrase "mock waste" 
only when we are talking about nonradioactive canisters used in handling 
demonstrations. 
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Pg. 28, Para. l, Lines 1-4 

While mechanical performance of a repository in salt is most affected by the 

thermal.component, the real long-term concern is how the radioactive waste 
behaves under the conditions imposed by the repository environment. 
Radiation, not heat, is the public fear. Consequently, any experiments or 
demonstrations which do not culminate with use of actual waste are not 
addressing the real concern. 

Pg. 28, Para. 1, lines 9-11 

Mock waste demonstrations will not accomplish their purpose unless the 
radiation fields and all handling procedures are similar to those required for 
DHLW. (See earlier cor.r.ients.) 

Pg. 29, Para. 1 

Radiation source experiments (RSE's) are not now an element of the WIPP R&D 
program. They were identified as a less desirable alternative if DHLW could 
not be acquired by 1989 since it was considered important to proceed with 
actual radioactive experiment_s_. Even in that event, however, it would be 
necessary eventually to do some experir.ients with actual DHLW. Thus, RSE' s 
were never considered to be a total replacement for DHLW. 

Pg. 29, Para. 3, Lines 1-4 

There have been no field tests with high-level radioactive wastes which 
address leaching and migration of radionuclides in host media. WIPP is the 
only facility available to do such tests and will be for the forseeable future. 

Pg. 29, Para. 3, lines 4-6 

These codes, while valuable, are not credible until they have been validated 
by adequate tests such as those planned for WIPP. 
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Pg. 31, Paras. 1 & 2 

This discussion indicates a possible misunderstanding of the utility and 
application of modeling and numerical code analyses. Codes are not specific 
to a. given site. It is necessary to "calibrate" a code to specific sites and 
to use proper descriptions of the site stratigraphy and constitutive 
relationships. However, the validation of the physics of the model and code 
capability can be adequately demonstrated in WIPP for any salt site. Thus, 
similar model and code development need not be conducted by other programs-
they need only to "calibrate" the code to their site by laboratory 
determination of constitutive properties and by modest in situ verification. 
The number of experiments required will be far fewer than if WIPP had not 
provided a sound base. Also, these paragraphs again seem to lose sight of the 
fact that all the structural modeling is required for WIPP itself. Even some 
of the therr.ial/structural work is necessary for WIPP to obtain accelerated 
mechanical behavior due to the slowness of phenomena at ambient conditions. 

Pg. 31, Para. 3; Pg. 32, Para. 1 

The cor.llilent attributed to Westinghouse is a proper quote but is incorrectly 
used in reaching the conclusion in the report. The cor.rnent was actually an 
early review COl':lr.lent related to a "DRAFT" test plan which was lat~r- fi-nalized 
as SAND 81-2628. The final document was responsive to the cor.rnent by 

incorporating numerous minor changes that favorably affect the feasibility and 
usefulness of model and code development. The current in situ investigation 
program will provide the stratigraphic and rock behavior data in the detail 
necessary to develop codes and methods of geomechanical analysis that can be 
utilized elsewhere within the Salado salts or in other similar stratigraphies 
throughout the United States. Thus, the criticism leveled at the draft 
testing program plan concerning geomechanical computer codes is simply 
outdated. The final testing program plan should be used as a basis for 
questioning the appropriateness of portions of the planned insitu testing. 
Again, the final plan resolves the review colilr.lent. 
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Pg. 32, Para. 2 

To inply that WIPP data has no utility to the ONWI program and that the WIPP 
program will not impact other salt repositories is incorrect. If this is the 
actual position of ONWI, it is a criticism of the corrmercial program, not 
WIPP. To refrain from conducting technically useful programs just because 
someone else may not use the information, even when apropos, is not sensible. 
Furthermore, current actions and indications of interest in the WIPP program 
by ONWI indicate this paragraph is not a proper statement of their position. 
ONWI may believe the acceptability of the WIPP results in a licensing action 
would be in doubt. This, however, is a different issue than 'whether the WIPP 
experiments and results are applicable in the technical sense. It is for just 
this reason, that is assuring that the results are useful to others, that WIPP 
is going to extremes to document all aspects of the R&D program. (See General 
Cor.rnents.) 

Pg. 33 , Par a . 1 

The statement that col!T:lercial high level waste (CHLW) has at least 22 times 
the thennal output of DHLW is not correct. The present reference DHLW is 470 
W/canister--for CHLW the reference loading is 2200 W/canister, a ratio of 
about 4. 7. The cor.vnerci al progra ... r:f'mu·s·t "overtest" the reference condition so 
greater thermal powers are being evaluated; but they are not likely to be 
adopted, at least until considerable experience has been developed at more 
conservative loadings. Thus, the WIPP will provide a very important baseline 
from which the cor.vnercial program can make its required departure to somewhat 
higher therr.ial loading. In any new arena, but especially in one such as 
radioactive repository development, it is prudent to proceed in a conservative 
manner. WIPP is this conservative first step upon which the colllllercial 
program can build with enhanced confidence. The National Academy of Sciences 
concluded that WIPP will bring "decisive experience" to the OCRWM program. 
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Pg. 34 

Virtually all of the code develop~ent is required to support WIPP and 
predictions of its behavior, as well as for addressing the reference OHLW 
rooms. Closure and backfill consolidation for WIPP demand that room closure 
be understood. Elevated temperature will allow pertinent observations on a 
shorter tine scale. If the codes and r.10dels developed for WIPP are not used 
by a future salt repository, it is not because they are not applicable or 
inadequately documented--they are. The fact that WIPP itself did not use 
Project Salt Vault data in its design is because the scope of the experiment 
was insufficient and the data base inadequate. WIPP experiments are designed 
to avoid this problem. The codes now in use are believed adequate for 
repository design--but present codes reflect considerable improvement in the 
last few years. While it may be true that in a decade there will be a 
considerable advance in nodeling techniques, it is a fallacy of the worst kind 
to adopt a philosophy of "do nothing for a decade because then we can do it 
better." If we do not evaluate the present capability against in situ data, 
we will not know whether inprovenents are needed and, if they are, which 
aspects of the ~odeling need further developnent. It would be a serious error 
to wait 10 years to find out what, if anything, is wrong with the models • 

Pg. 35, Paras. 1 and 2 

While a salt site may or ~ay not be selected for the first repository, salt 
will remain a strong contender for a repository for the next decade. Many 
would say it is a leading contender. To defer model and code development 
until it is known whether salt is the host rock chosen would not be advisable 
since the critical issues are now defined and the sooner they are resolved the 
better it will be for the entire waste management progran. The long 
observation tines (years) required for ma~ of these tests dictate beginning 
them as soon as possible. The national waste management policy~ one of 
deferral. That policy has changed. The IG proposals to defer actions are out 
of step with national policy . 
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Pg. 35, Para. 3 

This statement is incorrect as discussed in earlier co11111ents. To predict the 
behavior of a given salt formation requires media data from that site, but the 
computer codes and models developed from WIPP can be utilized for the 
prediction. The codes would have to be "calibrated" to the new site, but 
refinement of the code and model should not be required. 

Pg. 36, Para. 2, Lines 4-5 

There are no plans to emplace remote handled transuranic waste (RH-TRU) waste 

in a vertical configuration. The discussion is confused by including TRU and 
DHLW together. The rationale for these emplacements comes from quite 
different sources, as indeed, the rest of the paragraph indicates. A stronger 
argument to.be r.iade is that both vertical and horizontal simulated high-level 

waste experiments should be conducted in WIPP to acquire the data base to 
allow the future repository to select the most appropriate design • 

Pg. 38, Para. 1 

Again, the transfer of information to the commercial program is questioned . 
But as before, the results should be tec.hnically applicable and the extensive 
documentation should also make it acceptable to NRC. If ONWI does not plan to 
use WIPP data, that should be a matter for the colTlllercial waste program 
managers to address and not be considered an indictment of WIPP. 

The NWTS repositories will need to conduct some experiments, but the baseline 
established by WIPP is a point from which they can develop tests to address 
their particular needs. Much of what WIPP is doing will not need to be redone 
for another salt site . 

,.. ~ 38, Last Line 

... This stater.ient is 1~rong; see cor.Jilent for Pg. 33, line 4 . 

, ... 
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Pg. 39, Para. 2 

The vertical emplacement was for high-level waste to ~odel the design chosen 

by ONWI. They presumably had a rationale for this geometry, so it should not 
be concluded there is no technical basis unless confiraed by ONWI. There is 
no valid technical reason to repeat most of the WIPP DHLW experir.lents. 
Certain issues peculiar to a cor.rnercial salt repository may require testing, 
but WIPP tests need not be repeated. 

Pg. 39, Para. 3 

The first sentence seems to be a nonsequitur. The actual viability of 
horizontal emplacement, including retrievability, cannot be assured without 
in situ testing to validate the model predictions. 

Pg. 42, Para. 2 

Horizontal emplacement of high-level waste might be aore desirable. But both 
vertical and horizontal tests would be required to achieve a scientific basis 
for a judg~ent. A decision of this magnitude should not be made on the basis 
of unvalidated model calculations. 

Pg. 42, Para. 4 

The report concludes there is no useful purpose for the TRU container 
durability tests. There are at least three aspects of this set of experiments 
that are not recognized by the report • 

First, while it is true that the TRU containers were originally not relied 
upon to be a long-term physical barrier, the proposed Environr.iental Protection 
Agency (EPA) requirement for engineered barriers puts a new light on this 
issue. The laboratory tests cited in this report indicate the containers r.lay 

retain their integrity for quite a long tir.ie. Furthermore, room closures are 
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now predicted to require many hundreds of years. As a consequence, ft f s now 
desirable to demonS'trate that, even for worst case breaching scenarios, the 
container is an effective barrier for some period of tfme. 

Second,' there wfll need to be a logical and demonstrable argument for going to 
full-scale operations in the WIPP fn about 1993. Nearly a decade of 
experience from these tests will be available and will, in fact, constitute 
the only TRU tests that can be utflf zed in this decfsfon. The State EEG wfll 
certainly require this sort of evaluation at that tfme. 

Third, the costs are misunderstood. The $300,000 includes the horizontal 
RH-TRU tests, which represents a large portion of the costs. Also, we have 
recently concluded that these contact handled transuranic waste (CH-TRU) 
durability tests can be conducted as an integral part of the required 
retrfevability demonstration, thereby substantially reducing the cost of the 
experiment to a very low level. 

Pg. 44, Para. 1 

The overtests; i.e., inundation and high humidity, are exactly the conditions 
assumed to occur in WIPP's worst case analysis of the most probable breach 
scenario. The paragraph also notes til~"·,a,e experimental condf tfons do ·not 
model storage conditions. In fact, a portion of the experiments do represent 
anticipated storage environments. The others ciay be regarded either as 
overtests to accelerate effects, or as actual condf tf ons for a potential 
future flooding of the rooms. Either way, this data must be acquired under 
realistic conditions, on packages subject to real handling and backfill 
operations. Laboratory tests are useful guides, but are not sufficient in 
themselves. 

Pgs. 47-48 

Personnel experienced wf th operating facilities with hot cells know that, 
historically, problems or new operations will tax available headroom, floor 
space, and shielding capability. In such cases, operations become very 
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difficult or impossible. New or modified facilities must then be constructed 
at greater expense, or complex equipment and complex methods·must be used to 
work within the available space, again at greater expense. It was 
recomnended, then, that the extra space be retained and that ft was a 
reasonable amount to retain. 

Since that tfme, ft has been identified that the Sandia experiments with 
canisters having simulated defects wfll require that the defects be produced 
in the hot cell. Further, the hot cell will be used to overpack a DHLW 
canister into the •oNWI overpack canister• configuration for experiments. 
This configuration is larger in size and considerably larger in diameter and 
weight. These operations utilize some of the space and flexibiity built fnto 
the facility and are examples of why this flexibility is needed. Note that 
there will be future operations during possible retrieval of RH TRU, but 
especially in retrieval of DHLW and the DHLW defected canisters requiring hot 
cell operations for shipment of the waste off-site. Although no details have 
been worked out, the flexibility retained within the hot cell is expected to 
be utilized and to be adequate for these operations. 

The report indicates that two separate reductions of $700,000 and $500,000 
were possible. Presently the waste handling building (WHB) design is 
complete, and the construction contract 1s expected to be placed fn ·'"'"'"' ., 
April 1984. Reengineerfng the building at fts present completed stage would 
be significantly more expensive now than in 1982 when ft was in fts partially 
complete stage. Thus, the $1.2 afllfon total savings estfr.11ted would be 
reduced by approximately $650,000. Also, reengineering at this tfme would 
require 4 to 6 months and delay contract placement and construction by a 
minimum of 8 months, and thus, escalation would become a significant cost • 
With a $32 mfllfon total estimated cost, an 8-rnonth delay (assuming 7 percent 
annual inflation costs) would produce a cost increase of approximately $1 
~illion and delay project completion by 8 months since the WHB is on the 
critical path. Therefore, there are no savings which can be acquired, and we 
should not pursue a hot cell option which does not provide needed operational 
and safety flexibilities. 
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Pg. 53, Para. 2 

The report questions the visitor orientation area of the Guard and Security 
Facility. The support building has three rooms which can be used for 
meetings,' conferences, training, etc. Project experience indicates that the 
space for these purposes in the support building is reasonable and adequate 
only for nonnal business requirer.ients. In Albuquerque, at 2501 Yale Blvd., 
there are two larger conference rooms and an additional small conference 
room. Both DOE and the technical support contractor use these conference 
rooms, and there are times when meetings must be rescheduled because of 
conflicts and nonavailable conference rooms. In Carlsbad, the total nwnber of 
personnel on site will be larger; and, in addition, the New Mexico EEG, and 
Sandia will have personnel permanently onsite. The visitor briefing area in 
the warehouse is a temporary facility, and will later be converted back to 
warehouse use. There are also occasions when large meeting facilities are 
required; and in Albuquerque, a large room at a nearby hotel is then rented. 
At the WIPP Site, no such facilities are readily available. The visitor 
center in the Guard and Security Facility would fill this additional need. 

Using the Guard and Security Facility for visitors provides access to models 
and displays. Audio-visual equipment would also be permanently available. 
The space will thus provide for both visitor reception and routine conference 
functions. 

Pg. 53, Para. 3 

The report states that approximately half of the WIPP personnel will normally 
be located underground, and in all probability take their meals underground. 
There apparently is some misunderstanding. 

When WIPP is at full operation, as presently envisioned, the operating 
contractor will have the majority of personnel on first shift and will be 
storing waste on that shift. Site personnel for first shift will be 
approximately 160 total; and of these only about 25 are expected ·to be 
underground. Thus, about 135 people would be above ground to utilize 
cafeteria services. 
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ACRONYMS 

AEC - Atomic Energy Commission 

A / E -. A r ch i t e ct IE n g i n e e r 

ASDP - Assistant Secretary for Defense Programs 

DOI - Department of Interior 

ERDA - Energy Research and Development Administration 

HLW - High-level Waste 

IRG - Interagency Review Group 

NWTS - National Waste Terminal Storage 

ONWI - Office of Nuclear Waste Isolation 

RH - Remote-handled 

R W DP P - Rad i o act i ve Waste Di s po s a 1 Pi 1 o t P 1 ant 

Sandia - Sandia National Laboratories 

TRU - Transuranic Waste 

TEC - Total Estimated Cost 

TPC - Total Project Cost 

TSC - Technical Support Contractor 

WIPP - Waste Isolation Pilot Plant 

Appendix 0 
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United States Government Department of Energ 

memorandum 
DATE: 

REPLY TO 
ATTN OF: 

SUBJECT: 

TO: 

~ebruary 13, 1990 

IG-35 

Stirvey of Transuranic Waste Shipments to the Waste Isolation 
P"ilot Plant During the Test Phase; Report No. WR-L-90-3 

Bruce G. Twining, Manager, Albuquerque Operations Office 

PURPOSE AND SCOPE 

We have completed an audit survey of the planned shipments of 
transuranic (TRU) waste to the Waste Isolation Pilot Plant 
(WIPP) during the test phase. The purpose of this survey was 
to determine whether the Albuquerque Operations Off ice (AL) 
could meet the test phase objectives and reduce proposed costs 
by (1) limiting the number of shipping sites, and (2) 
conducting the operations demonstration with fewer shipments. 

We performed the survey field work at 
(Albuquerque, New Mexico) and the WIPP 
(Carlsbad, New Mexico) between June 14 and 
During this time, we 

AL Headquarters 
Project Office 

August 3, 1989. 

o Analyzed the Department of Energy's (Department) April 
1989 draft test plan for the WIPP test phase (including 
the June 16, 1989 addendum), and related laws and 
regulations; 

o Examined planned shipping schedules, historical and 
planned acquisitions of waste transportation equipment 
and loading facilities at the waste generator storage 
sites, cost estimates, and contracts and purchase 
orders with Westinghouse Electric Corporation, Nuclear 
Packaging, Inc., and Dawn Trucking Company; 

o Reviewed National Academy of Sciences and the State 
of New Mexico Environmental Evaluation Group (EEG) 
comments on the draft test pla~, and 

o Interviewed AL, Westinghouse, and EEG personnel. 

Durin9 the survey, we followed generally accepted government 
auditing standards for performance audits. 

BACKGROUND 

Public Law 96-164 authorized WIPP for the purpose of 
demonstrating the safe disposal of the Department's defense 
program transuranic (TRU) waste. 

1 
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With the construction phase of the WIPP facility complete, the 
.Department plans to initiate the next phase of WIPP's 
development, the test phase. The purpose of the test phase is 
to collect the data needed to make a decision on whether to 
designate WIPP as a permanent repository of TRU waste. 

The April 1989 test #plan divided the testing .:Gito two major 
components: Performance ..,..--Assessment, and : _operations 
Demonstration. Both parts would be done simultaneously. The 
Performance Assessment will determine WIPP's compliance with 
EPA Standard, 40 CFR 191, subpart B, Sections 13 and 15. To 
make this assessment, scientists will perform experiments 
_µsing approximately __ . 5 percent_ of the ___ ,WIPP ,~<;-~PC3:~ity. ~-'The, 
Op~rc;.tions . Demonstrcition . wil~ ~.dem~ristrc;.te ~e_pep~rt~~;it ~s, 

~ability to safely ,and effectively 1ifcertify, .ki.transport, ;,:, and 
'emplac~ TRU waste at the WIPP fac:L_lity; and will ··use 
approximately 2.2 percent of the WIPP capacity. 

SURVEY RESULTS 

We terminated this project at the survey phase for two 
reasons: (1) the Department had not completely defined the 
sites that would ship waste; and (2) the National Academy of 
Sciences (NAS) recommended that the Department delay the 
Operations Demonstration. The Department planned to ship all 
waste for the Performance Assessment, and the majority of 
waste for the Operations Demonstration, from the Rocky Flats 
Plant and the Idaho National Engineering Laboratory. There 
was the possibility that some waste for the Operations 
Demonstration would be shipped from other, unidentified sites. 
In addition, on July 19, 1989, the NAS recommended that the 
Department defer the Operations Demonstration until several 
important scientific and engineering issues concerning 
undergound emplacement of waste for permanent isolation at 
WIPP have been resolved. The Department's resolution of these 
issues could, in our opinion, cause major changes to the 
Operations Demonstration plans. 

Although we require no formal response to this report, we will 
continue to monitor developments as they occur. We appreciate 
the cooperation and assistance provided by your staff during 
the course of the survey. 

~(!rn #dtello 
Manager, Western Region 
Off ice of Inspector General 
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cc: Harry N. Hill, Director, 
MRD, AL 

Richard G. Motley, Director, 
Audit Liaison Division, 
MA-322, Forrestal 4A-128 
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WIPP Library 
UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 

STATE OF NEW MEXICO, ex. rel. 
TOM UDALL, Attorney General, 

Plaintiffs. 

v. 

JAMES D. WATKINS, Secretary of 
the Department of Energy, et al., 

Defendants. 

) 
) 
) 
) 
) 
) 
) Civil Action No. 91-2527 JGP 
) 
) 
) 
) 
) 
) 
) 

~~~~~~~~~~~~~~~~~~-> 

PLAINTIFF'S REPLY AFFIDAVITS SUBMITTED IN OPPOSITION 
TO DEFENDANTS' MOTION FOR SUMMARY JUDGMENT 

Of Counsel: 

AND IN SUPPORT OF PLAINTIFF'S MOTION FOR A 
TEMPORARY RESTRAINING ORDER 

AND PRELIMINARY INJUNCTION 

VOLUME II 

TOM UDALL 
Attorney General of the State 
of New Mexico 
MANUEL TIJERINA 
Deputy Attorney General 
MICHAEL DICKMAN 
Assistant Attorney General 
LINDSAY A. LOVEJOY, JR • 
Assistant Attorney General 
Post Off ice Drawer 1508 
Santa Fe, New Mexico 87504-1508 
(505) 827-6000 

Attorneys for the state of New Mexico 

BERNHARDT K. WRUBLE, Bar #339188 
JOHN s. MOOT, Bar #427518 
Verner, Liipfert, Bernhard, 

McPherson and Hand, Chartered 
901 15th Street, N.W., Suite 700 
Washington, D.C. 20005 
(202) 371-6000 
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SUMMARY OF AFFIDAVIT OF 
DR. G. THEODORE DAVIS, M.D. 

Dr. G. Theodore Davis is a licensed and practicing physician 

in New Mexico who is board certified in emergency medicine and a 

member of the State of New Mexico WIPF Medical Working Group. (~ 

1) . 

He testifies that the New Mexico Medical Society, a widely 

respected professional medical organization comprise of 

practicing physicians throughout New Mexico, recently stated 

that, "At present, the physicians of the State of New Mexico do 

not feel that they are prepared to take care of someone who is 

injured in an accident involving nuclear waste." (~ 11) . Dr. 

Davis took a survey of emergency department physicians in the 

hospitals along the north-south WIPF corridor conducted during 

the week of November 4, 1991. The survey results indicate that 

serious deficiencies still remain. (~~ 14, 15, 17-25). 

Dr. Davis concludes: 

1. The one-day seminars provided to New Mexico health care 

personnel did not constitute "training," but rather served as a 

beginner-level introduction to the issues. (~ 10) . 

2. There is a lack of necessary radiation monitors. (~ 

19). DTPA, the major drug used to treat radiation accident 

victims, is also unavailable. (~~ 19, 34). 

3. Special entrances and decontamination areas are 

essential for adequate response to radiation accidents. Many of 

the WIPF corridor hospitals are small, making it exceptionally 

difficult to maintain appropriate contamination control when 

there are several other non-radiologic patients that need to be 

managed. ( ~ 18) . 
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AFFIDAVIT 

I, G. Theodore Davis, M.D., being duly sworn a'1d deposed state as follows: 

1. I am "- licensed and practicing physiciM in the State of New Mexico. I am board 

certified in emergency medicine. I am also a member of the State of New Mexico WIPP 

Medical Working Group. Currently I am in the practice of occupa!io.r.al mec:!icine, and have 

offices in Albuquerque, Santa Fe, Carlsbad, and other locations. 

2. I make this affidavit to show the court that in ge.01eral, physicians, nurses and other 

hospital personnel in New Mexico have received limited or no training and equipment for 

emergency management of radiation accidents and, spccificaDy, concerning potential WIPP 

related transportation accidents. 

3. I practiced emergency medicine from 1978 through 1985. During that period I 

was a staff physician in emergency departments at several New Mexico hospitals, including 

some in the WIPP transportation corridors. 

4. My medical education anc! training, including the most recent post-graduate 

continuing medical education courses are further described in my Curriculum Vitae, which is 

attached to this affidavit as Exhibit 1. I would however, !ike to higliJight the formal training 
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in the emergency management of radiation accidents through the Radiation Emergency 

Assistance Center/Training Site, (REAC/TS), in Oak Ridge Tennessee. It is affiliated with 

the Department of Energy. The courses that I have taken there include: 

a. "Handling of Radiation Accidents by Emergency Personnel,", November 28 - 30, 

1979; 

b. "Medical Planning and Care in Radiation Accidents,", November 10 - 14, 1980; and 

c. "Handling of Radiation Accidents by Emergency Personnel,", April 25 - 28, 1989. 

The REAC/TS facility serves as both a treatment facility and as a central training and 

demonstration unit where physicians, nurses, and other medical personnel receive intensive 

training in medical management of radiation accidents. 

5. I have presented lectures concerning the emergency management of radiation 

accidents and the health effects of radiation to accredited symposia and other continuing 

education programs of the American College of Emergency Physicians, the Nevada Academy 

of Family Practice, The Maricopa County Medical Center, The University of New Mexico 

Residency Program, Hospital Staff Meetings, and Volunteer Fire Departments. 

6. My publications include a February 14, 1991 co-authored double book review of 

Radiation-Induced Cancer from Low-Dose Exposure and Health Effects of Exposure to Low

Levels of Ionizing Radiation: Beir v_, which appeared in "The New England Journal of 

Medicine." My other publications a'.:'e listed in my Curriculum Vitae, attached to this 

affidavit of Exhibit 1 . 

2 
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7. In September of 1991, I was invited by the U.S. Congress, House Interior 

Subcommittee on Energy and the Environment, to present testimony concerning radiation 

protection policies of the Nuclear Regulatory Commission. 

8. I have read the Affidavits of Robert C. Ricks, M.S., Ph.D., and Marion Deming, 

R.N. Based on my personnel knowledge and experience, I am prepared to comment on 

portions of these affidavits. Further, I will present some additional information. 

9. I attended the one day educational seminar at St. Vincent Hospital in Santa Fe on 

November 10, 1989 that was provided by REAC/TS for WIPP corridor health care providers 

in New Mexico concerning how to handle emergency radiation accidents. Participants were 

given written materials and one day of didactic presentations, which included lectures, visual 

materials, demonstrations, and a video presentation entitled "Hospital Emergency Department 

Response to Radiation Accidents." This material was well presente.d, but the course fell far 

short of training physicians, nurses, and other health care personnel in how to medically 

manage radiation related accidents. Bas~.i:: topics in radiation biology and emergency 

management of radiation accidents were presented. However, there were no laboratory 

exercises for the participants and there was no radiation emergency drill exercise. Most 

course participants were unfamiliar with the basic principles that were discussed. These 

participants could not have mastered the information during this course, and could not have 

applied the information directly without significant additional study, practice, and drills. In 

my opinion, this course could not be construed as adequate medical training for how to 

handle emergency radiation accidents. Professor Ricks, in his affidavit, indicates that the 

3 



'"' 

\ '" 

' ' 

other courses that were given at the various hospitals were nearly identical to this one at St. 

Vincent Hospital. 

10. I would like to contrast this one day seminar with the training program that I 

attended at REAC/TS in Oak Ridge Tennessee, from April 25 - 28 in 1989. A course 

schedule is attached to this affidavit as Exhibit 2. This course was three and a half days 

long, and included, in addition to didactic lectures, a laboratory exercise in radiation 

protection and radiation monitoring, a laboratory exercise in contamination control, a 

demonstration of a radiation accident drill and decontamination procedure, and actual 

emergency drills that lasted approximately two and a half hours. Following the drills there 

was a review of video tapes that were made during these exercises. Participants critiqued 

their own performance, and that of others. From a medical education perspective, I consider 

this a "training program." The courses, such as the one provided at St. Vincent and other 

"corridor hospitals" as described by Professor Ricks were appropriate beginner level 

introductions to the issues, but would not in my opinion constitute "training." 

11. I am a member of the New Mexico Medical Society, a widely respected 

professional medical organization comprised of practicing physicians throughout New 

Mexico. On August 12, 1991, Barbara L. McAneny M.D., Chair of the Liaison Committee 

of New Mexico Medical Society to the Department of Energy wrote Senator Jeff Bingaman 

concerning the Society's opinion of the level of equipment and training to treat victims of 

radiation accidents in New Mexico. Dr. McAneny states in the letter: 
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At present, the physicians of the State of New Mexico do not feel that they are 
prepared to take care of someone who is injured in an accident involving nuclear 
waste. We lack the training, despite the DOE's one day training session. We lack 
the necessary equipment in our emergency rooms and we do not have appropriate 
medical protocols available. We feel that training must not only include accident 
site training, but training to help physicians provide important care and long-term 
care to patients after their accident. We do not r.now what type of help we can 
expect from the Department of Energy in terms of caring fo:r these patients and we 
do not know whether private insurers or the DOE would provide the funds for 
supplies and care of patients injured in a nuclear accident. 

Dr. McAneny's letter is attached to this affidavit as Exhibit 3. 

12. On August 28, 1991, I attended a meeting of the New Mexico Medical Society 

Liaison Committee to the State of New Mexico Environment Department. The minutes of 

this meeting are attached to this affidavit as Exhibit 4. Those mirmtes state that the Liaison 

Committee believes that "the medical community is not prepared to provide medical care to 

New Mexicans injured inlor contaminated in WIPP-related accidents." Therefore, they 

recommend that nuclear waste should not be transported until the proper medical procedures 

are prepared and personnel are adequately trained and the appropriate equipment is in place. 

In order to meet these requirements the Liaison Committee made the following suggestions, 

among others: 

- Initial training in general aspects of accidents must occur at the hospitals, to include 
physicians, nurses, EMT's. It will be necessary to have drills at the hospitals and WIPP 
specific training and these will need to be repeated at least annually because of the turn
over in personnel; 

- Procedure development will need to occur at hospitals. This must: occur before drills 
can be done. Hospital administrators and other personnel will need to go to Ul\TM for 
procedure development seminars. Then the procedures will have to be evaluated by the 
hospitals involved; 
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r. 

s. 

What drugs do you have available to treat internal contamination, and specifically 
do you have DTP A? 

What type of radioactive waste would be transported in WIPP shipments? 

Do you generally feel that you and your facility are prepared to manage WIPP 
related accidents? 

t. Please provide any general comments that you would like. 

17. None of the physicians contacted had participated in the REAC/TS courses given 

at New Mexico hospitals. None had specific training in emergency management of radiation 

accidents similar to that provided at the REAC/TS training courses in Oak Ridge. None of 

the physicians had ever managed an actual radiation accident. 

18. Two physicians had participated in a WIPP accident related drill at their hospital. 

The physician in Carlsbad had been in a drill one week prior to my contact with him. This 

had involved one mock patient who had an open fracture and contaminated leg wound. The 

physician in Artesia had partkipated in a drill two months prior to my contact with him. 

This scenario involved two or three mock patients who were net conta.rninated. He had had 

no prior drills or training before this drill. T!'!e physician in Carlsbad folt that the hospital 

and staff were adequately prepared to manage WIPP site related accidents. He expressed 

desire to have additional emergency medical training, possibly through the REAC/TS facility. 

19. Other physicians expressed concern that they and their facilities were not prepared 

to manage WIPP related accidents, and expressed a number of concerns which included: 
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a. there is a high tum-over of emergency room personnel including nurses and physicians, 

and new people rotating through the emergency room who may have little or no knowledge 

of WIPP or medical management of radiation accidents; 

b. several of the emergency department physicians travel from out of town or out of state 

to work at the facility; 

c. they may have little or no knowledge of WIPP, or the hospitals contingency plans; 

d. there was a wide-spread lack of training concerning WIPP and radiation transportation 

accidents in general; 

e. there was a lack of necessary equipment and drugs, including radiation monitors and 

DTPA; 

f. a number of physicians who staff the emergency departments were actually local family 

practitioners who had not had specific training in radiation accidents or WIPP related 

emergencies; 

g. two physicians stated that they felt ongoing training in emergency management of 

radiation accidents needed to take place at hospitals on a state-wide basis, and that this 

training should occur on a frequent basis because of the high tum-over of nursing and other 

emergency department staff personnel. 

20. The Carlsbad a.11d Roswell hospitals have designated radiation emergency areas and 

separate entrances. The other hospitals did not have either designated radiation emergency 

areas or separate emergency entrances. These hospitals had only a total of one to five rooms 

in the emergency department, and three to five beds. In these facilities there was no 
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specifically designated radiation emergency area, and a portion of the emergency room would 

have to be cordoned off for potentially or actually contaminated patients. 

21. Only two physicians knew of materials that were available to cover floors, walls, 

and equipment. 

22. Carlsbad and Artesia physicians believed that radiation detection monitors 

available, but were uncertain of the type. It was unknown whether the other hospital 

emergency departments had such equipment. The Carlsbad hospital had a decontamination 

table top with separate drains and holding tanks. The other facilities did not have this 

equipment. 

23. None of the physicians thought that DTP A was available at their facility, but one 

had heard that it was available at the University of New Mexico Hospital. 

24. Two physicians knew of a specific emerge!lcy department plan or protocol for 

their facility. The other physicians were uncertain of the existence of such a plan. The plan 

had been tested at Carlsbad and Artesia through recently conducted drills. 

25. In summary, my survey reached conclusions similar to those obtained by Marion 

Deming. Like Ms. Deming, I wanted to interview hospital personnel who would be on the 

11 front lines 11
• It is these individuals who will have the ultimate responsibility for the medical 

assessment and care of persons involved in WIPP related mishaps. 
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26. In my opinion, the fact that one-day courses have been give~n at certain hospitals, 

or the fact that a drill has been conducted with the emergency personnel who happened to be 

working on a particular day, does not constitute emergency medical preparedness, and does 

not necessarily provide appropriate a..11d v:tlid verification of medical preparedness. The fact 

that hospitals in the WIPP corridor were given a REAC/TS one-day course and were given a 

copy of the 1984 AMA publication "A Guide to the Hospital Management of Injuries Arising 

from Exposure to or Involving Ionizing Radiation", does not ensure that those hospitals and 

their personnel are prepared to manage WIPP related accidents. 

27. I concur with Professor Ricks that excellent and intensive training in the generic 

management of radiation medical emergencies would possibly include most of the information 

necessary to adequately manage victims of a WIPP transportation accident. However, some 

specific training related to detection of aipha-emitters, and decorporation of internal 

contamination with transuranic elements, like those contained in WIPP shipments, would also 

be necessary. 

28. Professor Ricks states that REAC/T3 courses in New Mexico correspond with 

AMA guidance which says that special entrance and decontamination areas may be desirable 

but are not essential for adequate response to radiation accidents. Ricks states that at the 

University of Florida's Shands Teaching Hospital, the hospital emergency room could be 

used as the admitting facility without co::r.pror.iising its continued function for non-radiation 

emergency by designating one of t.he trauma rooms as the patient handfo1g area, and applying 

appropriate contamination control and traffic routing procedures. This may work in a large 
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urban area. However, in rural hospitals, like those in New Mexico, there is frequently only 

one trauma room, and sometimes only one available bed in that room. The Raton hospital 

emergency room, for example, consists of only room. It becomes exceptionally difficult to 

maintain appropriate contamination control when there are several other non-radiologic 

patients that need to be managed, under circumstances where there is only one physician 

available in an emergency situation. Also, where there is only one emf~rgency entrance, one 

must assume that the entrance has become contaminated by virtue of radiation victims being 

brought in through that entryway. This is the conclusion that Professor Ricks reached in an 

article he co-authored entitled, "Emergency Department Radiation Accident Protocol" 

attached to this affidavit as Exhibit 6. Therefore, access for and treatment of non

radiological emergency patients could be severely compromised under certain circumstances, 

unless major safeguards, like separate entryways are in place well in advance. Emergency 

rooms in New Mexico Hospitals are already over-loaded with patients. See Rex Graham, 

"EMERGENCY: Treating New Mexico's Uninsured Clogs Emergency Rooms," 

Albuquerque Journal at p.1 (Oct. 27, 1991), attached to this affidavit as Exhibit 7. Also, in 

large urban areas, there are alternative hospitals where critical patients c:an be diverted if one 

hospital is contaminated. In rural New Mexico communities, there is only one emergency 

medical facility, and if it were contaminated due to a WIPP related accident, other vital 

emergency care could be compromised. 

29. Professor Ricks states that "management of WIPP transportation accidents does not 

differ from management of the victims of an accident of a shipment of radio-pharmaceuticals. 

Although in principle this is correct, potential radiological contamination with plutonium and 
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americium poses specific problems. These isotopes are extremely long lived, and pose 

serious long term health problems from internal contamination. Radiopharmaceuticals tend to 

be short-lived isotopes, and would not require alpha-monitoring to detect them, nor the use of 

decorporation drugs. 

30. Professor Ricks asserts that experience like "hands-on" training is desirable. He 

states, however, that REAC/TS training conducted for Westinghouse WID in 1989 and 1991 

for WIPP corridor hospitals did not provide "hands-on" experience. Ricks explained that 

physicians and nurses already knew how to: put on caps, gowns, masks; triage based on 

medical problems; assess and treat medical problems; collect biological samples; cleanse skin 

and wounds; and manage isolation techniques. He further indicated that during the courses, 

the lectures, videos and slides presented and/or demonstrated the adaptations of routine 

procedures that are recommended for radiation accident management. At the REAC/TS 

training program in Oak Ridge, one of the mos:t beneficial aspects of the training was the 

emergency medical radiation drills that were conducted. Although most of us who 

participated knew how to put on caps and gowns, triage, clean skin wounds, etc., we learned 

that there were some very special skills that complimented these basic t~~hniques that needed 

to be understood and mastered. The only mechanism through which this could be 

appreciated was the actual drill. REAC/TS felt that this drill was important enough to film 

the exercise. Afterwards, instructors spent time with all participants critiquing their 

performance, and those of others. We noted many mistakes that had been made during this 

drill, that would have lead to radioactive contamination, or other problems, had it been an 

actual event. 
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31. Professor Ricks states that during the REAC/TS courses in corridor hospitals, 

radiation detection equipment was demonstrated and problems associated with alpha

monitoring was discussed. Based on the survey I did, it appears that many physicians in 

WIPP corridor hospitals are not familiar with the use of radiation detection equipment in 

general, and do not have alpha-monitors. Radioactive isotopes like plutonium and americium 

emit alpha particles primarily. These particles are not detectable by standard geiger counters, 

and a more sensitive instrument known as an alpha-detector is necessary to monitor these 

radiations. 

32. Professor Ricks states that the use of DTPA as a chelator for internally deposited 

transuranics (ie, Pu) was discussed during the REAC/TS courses. He asserts that "the fact 

that WIPP shipments will contain high-fired oxides of plutonium and/or americium was 

discussed including the insoluble nature of the potential contaminants." He stresses that for 

these insoluble transuranics immediate chelation is not necessary and certainly not within one 

hour. He further states that REAC/TS training recommended administration of DTPA within 

three hours if possible, but for insoluble forms twelve to twenty four hours later would be 

satisfactory. There is no regulatory requirement that prohibits flammable or soluble forms of 

plutonium and americium from coming to WIPP. Furthermore, at this time, neither the 

DOE, other governmental agencies, nor individuals know exactly what chemical and physical 

forms of radioactive and chemical wcci.stes would be shipped to WIPP. With this uncertainty 

in mind, the availability of DTPA for emergency administration in the emergency department 

setting at the WIPP corridor hospitals is medically indicated, and vjtally important for 

appropriate care. The Informational Materi.al Package Insert for Ca-DTPA from Oak Ridge 
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Associated Universities, Medical Sciences Division, revision May 24, 1991, states "The 

chelating efficacy (of DTPA) is greatest immediately, or within one hour of exposure when 

the radionuclide is circulating in or available to the tissue, fluids, and plasma." This insert is 

attached to this affidavit as Exhibit 8. 

33. Once plutonium is taken into the blood stream it is taken up by organs and tissues 

in the body. Once these radioactive isotopes are incorporated into the body, they will remain 

there essentially for the rest of the person's life. If the chelating drug can be given while the 

radioactive substance is still in the blood stream, and before it is taken into tlie body cells and 

tissues, the drug can bond with the radioactive material and carry it out of the body through 

the urine. Because the plutonium and americium are quickly absorbed by the body organs 

and tissues, it is necessary for the drug to be administered as quickly as possible. In WIPP 

related radiation accidents with a waste container breach, there would be possibilities of 

inhalation exposure, wound exposure (burns, lacerations, and others), or ingestion (certain 

chemical forms of plutonium can be absorbed from the gut). In any of these exposure types, 

it would be medically indicated to adIT' .. fr1ister intravenous or aerosolized DTPA to the victim 

within one hour. 

34. Professor Ricks states that the mechanism of acquiring the DTPA drug was 

explained during the course, along with the opinion that DTPA was not needed in corridor 

hospitals in New Mexico (or elsewhere), but rather could be obtained from New Mexico co

investigator physicians identified by REAC/TS. Although there are six co-investigator 

physicians in New Mexico, one or more of them may not be available on an emergency 
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basis. Based on this fact, and the discussion above, I do not believe that, under these 

circumstances, the drug would be available within a necessary time frame to treat individuals 

who are potentially or actually internally contaminated during a WIPP accident. 

35. Plutonium and americium are considered to be a highly dangerous and 

carcinogenic substances, even in microscopic amounts. In nuclear weapons facilities, 

research laboratories, and other facilities where these materials are handled, extreme safety 

precautions are taken, including different types of detectors and alarms to alert workers of 

possible releases of the substance. Also several different types of redundant safety systems 

are always in place. Plutonium and americium are considered to be a bone-seekers, and both 

bone and liver are considered to be target organs. The allowable body burden of plutonium 

and americium for an occupational worker, which may be accumulated over a life-time, is 40 

nanocuries. The DOE has estimated that each 55 gallon drum of WIPP waste could contain 

up to 1 curie of Pu. This represents about 25 million maxi!llum permissible occupational 

body burdens per drum. 

36. The causation of different types of cancers in experimental animals by internal 

contamination with microscopic amounts of plutonium is well documented in scientific 

literature. A recent report, "A 42-y Medical Follow-up of Manhattan Project Plutonium 

Workers," by Drs. Voelz and Lawrence, J{ealth Physics, August, 1991, documents the 

development of a rare bone tumor ( osteogenic sarcoma) at an unusual anatomical site in a 

plutonium worker whose exposure was conci<lered tCJ be very low. This report is attached to 

this affidavit as Exhibit 9. 
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37. In conclusion, in my opinion the health care personnel in the State of New Mexico 

are not adequately trained or equipped to manage WIPP related radiation accidents. 

STATE OF NEW MEXICO 

COUNTY OF BERNALILLO 

G. Theodore Davis, M.D. 

Subscribed and sworn to before me this the 8th day of November, 1991 

1./ 

Notary Public 

/l. /i'J/t"/r 
My commission expires: '../fh ~ ; I' 
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EXHIBIT 1 

G. THEODORE DAVIS MD 
Encino Crescent Building 

CURRICULUM VITAE 

Home Address: 515 Tulane Place, N.E., 
Albuquerque, N.M. 87106 

101 O Las Lomas N.E., Suite 1 
AlbuqL1erque, New Mexico 87102 

Office (505) 242-8502 
Home (505) 242-7822 (505) 268-7822 

Present Position: Private Practice, Occupational and Musculoskeletal Medicine, 
Albuquerque, N.M. 1988 to present 

Board 
Certification: Diplomate, American Board of Emergency Medicine 

Fellowship: Fellow, American Academy of Disability Evaluating Physicians 

Medical Education: M.D. 1976, Emory University School of Medicine, Atlanta, Georgia 

Postgraduate 
Medical Training: 1976-77, L.S.U. Medical Center, Shreveport, La. 

Medical Licensure: New Mexico #77-151 ; Arizona # 19833 ; Colorado # 30083 

Hospital Staff 
Privileges: 

Presbyterian Hospitals, Albuquerque 
St. Joseph Northeast and West Mesa Hospitals, Albuquerque 

Previous Professional Positions Held: 

Private Practice, Occupational Medicine, Center for Occupational 
Medicine and Orthopaedic Surgery, Albuquerque, N.M., 1985-88 

Private Practice, Emergency Medicine, Emergency Physicians, Inc., 
St. Joseph Hospitals, Albuquerque, N.M. 1980-85 

Private Practice, Emergency Medicine, and Director of "Emergency and 
Clinic Physician Services," Albuquerque, New Mexico, 1978--80 

General Medical Officer, U.S. Public Health Service, Gallup Indian 
Medical Center, 1977-78 

Current Professional, Academic, Teaching and Research Activities and Appointments: 

Co-Chairman, Clinical Traning Committee, American Academy of 
Disability Evaluating physicians 

Member, Medical Education Committee and Continuing Medical Education 
Committee, American Academy of Disability Evaluating Physicians 

National Lecturer on Medical Evaluation of Impairment and 
Disability, American Academy of Disability Evaluating Physicians 

Assistant Clinical Instructor, Department of Family, Community and 
Emergency Medicine, University of New Mexico School of Medicine, Albq. NM 

Instructor, Advanced Cardiac Life Support, American Heart Association, 
1978-present 

Coinvestigator (with U.S. Department of Energy, Oak Ridge Associated 
Universities and The Radiation Emergency Assistance Center/Training Site) 
in the use of calcium and zinc diethylenetriaminepentaacetate (DTPA) 
for de~orporation therapy of internally deposited actinide (radionuclide) 
contamination in humans, 1982 to present 
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DAVIS C.V. 

Professional and Scientific Memberships and Positions: 

New Mexico Medical Society 
Greater Albuquerque Medical Association 
Fellow, American Academy of Disability Evaluating Physicians 
Instructor, American Heart Association 
Clinical Faculty, University of New Mexico School of Medicine 
American Occupational Medicine Association 
Rocky Mountain Academy of Occupational Medicine 
New Mexico Public Health Association 
American Association of Orthopaedic Medicine 
Institute and Society of Orthopaedic Medicine 

Recent Postgraduate Continuing Medical Education Courses and Credits: 

(Summary: Total credits achieved from Feb. 1987 to April '91 = 454 hours; 
of these, 239 hours pertain specifically to occupational or orthopaedic 
medicine, and the related subjects of medical assessment of impairment and 
disability, and the human biomechanics and ergonomics of work) 

"Clinical Training Program," American Academy of Disability Evaluating 
Physicians, Chicago, IL, April 9-13, 1991 (37 credit hours) [*] 

Publication of "Book Review" in New England Journal.£!.. Medicine, Feb. 14, 
1991, Vol 324, # 7, pp.497-499 (10 credit hours) [*] 

"The Medical Letter," Yale University School of Medicine, Exam # 21, 
January 21, 1991 (13 credit hours) 

"State of Arizona Medical Licensing Examination," passed Dec. 6, 1990 

"Fourth Annual Scientific Seminar and Symposium," American Academy of 
Disability Evaluating Physicians, Las Vegas, NV, Nov. 1-3, 1990 (18 credit 
hours) 

"Advanced Workers' Compensation in New Mexico--Legal Symposium," Albq., Nov. 1990 

"Clinical Training Program," American Academy of Disability Evaluating 
Physicians, Chicago, IL, Sept. 1990 (10 credit hours) [*] 

"Occupational Ergonomics II," University of Michigan Public Health 
Consortium, Ann Arbor, MI, June 25-27, 1990 (20 credit hours) 

"Occupational Ergonomics I," University of Michigan Public Health 
Consortium, Ann Arbor, MI, June 18-22, 1990 (33 credit hours) 

"Advanced Cardiac Life Support," American Heart Association, Albuquerque, NM, 
March 22, 1990; Oct. 26, 1989; July 7, 1989 (12 credit hours) [*] 

"Clinical Training Program," American Academy of Disabily Evaluating 
Physicians, Chicago, IL, March 1990 (24 credit hours) [*] 
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Recent Continuing Education Courses and Credits (continued) DAVIS c.v. 

"Medical Management of Radiation Accidents," St. Vincent Hospital Education 
Department, Santa Fe, NM, Nov. 10, 1989 (7 credit hours) 

"Third Annual Convention," American Academy of Disability Evaluating 
Physicians, Orlando, FL, Nov. 1-4, 1989 (9 credit hours) 

"Clinical Training Program," American Academy of Disability Evaluating 
Physicians, Chicago, IL, Sept. 20-24, 1989 (24 credit hours) 

"Overview Course in Disability Medicine," American Academy of Disability 
Evaluating Physicians, San Francisco, CA, August 18-19, 1989 (10.5 credit hours) 

"Loss Control Seminar," New Mexico Medical Society, Albuquerque, NM, May 13, 
1989 (4 credit hours) 

"Handling of Radiation Accidents by Emergency Personnel," Radiation Emergency 
Assistance Center/Training Site, Oak Ridge, TN, April 25-28, 1989 (20 credit 
hours) 

''Sixth Annual Meeting & Seminar of the American Association of Orthopaedic 
Medicine," San Diego, CA, Feb. 15-19, 1989 (30 credit hours) 

"Emergency Medicine Intensive Home Study Seminar," Mentor Medical Network, 
Inc., 1988 (149 credit hours) 

"4th Annual Office Based Sports Medicine Symposium," Univ. of Calif., San 
Francisco, Park City, UT, Feb 14-21, 1987 (24 credit hours) 

[*] Dr. Davis was also an instructor or presenter in these programs 

Accredited Professional Presentations: 

"Physician's Workshop in Impairment and Disability Assessment" and 
"Assessment of Spinal Impairment and Inclinometry Measurement of the Spine," 
Clinical Training Program, Am. Acad. of Disab. Eval. Physicians, Chicago, IL, 
April 9-13, 1991 

"Physician's Workshop in Impairment and Disability Assessment" and 
"Assessment of Spinal Impairment and Inclinometry Measurement of the Spine," 
Clinical Training Program, Am. Acad. of Disab. Eval. Physicians, Chicago, IL, 
Sept. 1990 

"Emergency Management of Radiation Accidents," Grand Rounds, UNM School of 
Medicine, Dept. of Family & Community Medicine, May 2, 1990 

"Inclinometer Techniques of Spinal Movement Measurement," and "Physician's 
Workshop in Impairment and Disability Assessment,'' Clinical Training Program, 
Am. Acad. of Disab. Eval. Physicians, Chicago, IL, March, 1990 

"Evaluation of Neuro-musculoskeletal Disability,", Grand Rounds, UNM School of 
Medicine, Dept. of Family, Community and Emergency Medicine, May 31, 1989 
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Accredited Professional Presentations (continued) DAVIS 

"Assessment of Back Injuries and Back Pain," Current Concepts In Primary 
Care, University of New Mexico Office of Continuing Medical Education, 
Albuquerque, N.M., April 9, 1988 

"A Practical Approach to Musculoskeletal Pain and Disorders," Southwest 
Associates In Manual Medicine, Albuquerque, N.M., March 21, 1987, and 
September 27, 1986 

"Medical Effects of High Level Radiation Exposure," The Nevada Academy of 
Family Physicians Annual Meeting, Lake Tahoe, Nevada, January 24, 1984. 

c.v. 

"Radiation: The Physics, Physiology and Treatment of Radiation Poisoning," 
Emergency Medicine Symposi~m, New Mexico Chapter, American College of 
Emergency Physicians, Taos, New Mexico, April 3, 1982 

"Emergency Medical Response to Nuclear Waste Transportation Accidents," Cuba 
Health Center and Fire Department, Cuba, New Mexico, May 6, 1981 

"Emergency Medical Management of Radioactive Waste Transportation Accidents," 
New Mexico Public Health Association, Albuquerque, New Mexico, May 23, 1981 

Lecturer and Instructor in "Advanced Cardiac Life Support," New Mexico, 
American Heart Association, 1978 to present 

Publications: 

"Assessment of Spinal Related Impairments: An Historical Perspective and 
Current Guidelines," co-authored with Robert Morgan, RPT, JOURNAL OF 
DISABILITY (accepted, and in preparation for 1991 publication) 

"Spinal Movement Assessment with Inclinometry and other Techniques," co
authored with Robert Morgan, RPT, JOURNAL OF DISABILITY (accepted, and in 
preparation for 1991 publication) 

"Book Reviews of Radiation-Induced Cancer from Low-Dose Exposure and 
Health Effects of Exposure to Low Levels of Ionizing Radiation: BEIR: J_," 
co-authored with Andre Bruwer, M.D., NEW ENGLAND JOURNAL OF MEDICINE, 
Feb. 14, 1991, Vol. 324, # 7, pp 497-499 

Evaluation and Treatment of Musculoskeletal Disorders in the Extremities, 
G .. Montgomery, M.D., G.T.Davis, M.D., R. Morgan, G. Mazer, P.T., copyright by 
S .. A.M.M., 1988 

The Physics, Pathophysiology and Emergency Management of Radiation Accidents, 
copyright by G.T. Davis, M.D., 1982 

The Medical Effects of a Nuclear Attack~ Albuquerque, New Mexico, 
~H. Johnston, L.D.-Weiss, Ph.D., G. T. Davis, M.D., 
Published by the University of New Mexico School of Medicine, 1981 
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Tuesday 
April 25 

EXHIBIT 2 

HANDLING OF RADIATION ACCIDENTS BY EMERGENCY PERSONNEL 
April 25-28, 1989 

8:00-8:15 a.m. 

8:15-9:00 a.m. 

9:00-10:15 a.m. 

10:15-10:30 a.m. 

10:30-12:00 noon 

12:00 noon 

COURSE SCHEDULE 

Registration 

Introduction 

Tour of REAC/TS 

SCOPE OF THE PROBLEM 

Coffee Break 

PRACTICAL RADIATION-PHYSICS FOR 
EMERGENCY PERSONNEL 

Photograph Session 

Lunch 

LECTURER 

Payne, Davis, 
Sipe 

Ricks 

Staff 

Lushbaugh 

Ricks 

1:30-2:15 p.m. MONITORING DEVICES AND THEIR USES West 

2:15-2:30 p.m. 

2:30-4:30 p.m. 

6:30 p.m. 

Coffee Break 

RADIATION PROTECTION 
AND RADIATION MONITORING 
(Laboratory Exercise) 

Social Hour and Dinner 
(Garden Plaza, Oak Ridge) 

West, 
Byrd, 
Berger 

Hosted by 
REAC/TS 



Wednesday 
April 26 

HANDLING OF RADIATION ACCIDENTS BY EMERGENCY PERSONNEL 
April 25-28, 1989 

8:00-9:00 a.m. 

9:00-10:00 a.m. 

10:00-10:15 a.m. 

10:15-11:15 a.m. 

COURSE SCHEDULE 

RADIOBIOLOGY OF MAN 

Laboratory Exercise: 
Contamination Control 

Coffee Break 

ADAPTING EMERGENCY CARE FOR 
RADIATION ACCIDENT VICTIMS 

11:15-12:00 noon TREATMENT FOR INTERNAL 
CONTAMINATION 

12:00 noon 

1:30-2:30 p.m. 

2:30-2:45 p.m. 

2:45-3:45 p.m. 

3:45-4:30 p.m. 

Lunch 

RADIATION EMERGENCY SITUATIONS 
AND THEIR MANAGEMENT 

Coffee Break 

PLANNING EMERGENCY DRILLS 

EMERGENCY TEAM ORGANIZATION 

LECTURER 

Adler 

West, 
Byrd 

Berger 

Garrett 

Fry 

Ricks 

Ricks 
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Thursday 
April 27 

HANDLING OF RADIATION ACCIDENTS BY EMERGENCY PERSONNEL 
April 25-28, 1989 

8:00-8:30 a.m. 

8:30-9:00 a.m. 

9:00-10:15 a.m. 

10:15-10:30 a.m. 

10:30-11:00 a.m. 

11:00 a.m. 

12:30 p.m. 

3:00 p.m. 

4:30 p.m. 

6:30 p.m. 

COURSE SCHEDULE 

RECOMMENDATIONS FOR EMERGENCY 
SUPPLIES & EQUIPMENT 

HOSPITAL EMERGENCY DEPARTMENT 
RESPONSE TO RADIATION ACCIDENTS 

LABORATORY/DEMONSTRATION: 
Drill Walk-Through and 
Decontamination 

Coffee Break 

PRE-HOSPITAL RESPONSE TO 
RADIATION ACCIDENTS 

Lunch 

Emergency Drill (Group A) 

(Museum) Reactor Operations 
and Safety (Group B) 

Emergency Drill (Group B) 

(Museum) Reactor Operations 
and Safety (Group A) 

End 

Dinner at REAC/TS. Review of 
Emergency Drill Videotapes. 

LECTURER 

Sipe 

Videotape 

Poda, 
Sipe, 
West 

Videotape 

Participants 

Marsee 

Participants 

Marsee 

Hosted by 
REAC/TS 
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Friday 
April 28 

HANDLING OF RADIATION ACCIDENTS BY EMERGENCY PERSONNEL 
April 25-28, 1989 

8:00-8:45 a.m. 

8:45-9:45 a.m. 

9:45-10:00 a.m. 

10:00-10:30 a.m. 

10:30-11:30 a.m. 

11:30-12:15 p.m. 

COURSE SCHEDULE 

MULTICASUALTY INCIDENTS 
INVOLVING RADIATION: 
HISTORY AND IMPLICATIONS 

ADAPTING RESPONSE IN MULTI
CASUALTY INCIDENTS 

Coffee Break 

PUBLIC INFORMATION IN RADIATION 
ACCIDENTS 

DOE SPECIAL ASSISTANCE PLANS ... 

Question and Answer Session 
Written Examination 
Examination Grading 
Course Critique and Closing 
Remarks 

397/April 12, 1989 

I.ECTURER 

Ricks 

Berger 

Alexander/ 
Wyatt 

Davis 

Staff 
Staff 
Staff 
Ricks 
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EXHIBIT 3 

New Mexico Oncolog~ Hematology Consultants,:klt~d~. ~!!!!!!!!! 
Clark E. Haskins, M.D.-Diplomote, Medlcol Oncology 

Balt:lara L. McAneny, M.D.-Dlptomate. Medical Oncology; Diplomote. Hematology 
Richard O. 91udlC9, M.D.-Dip1omote. Medical Oncology; Diplomote. Hematology 

Au1;;ust 1 2, 1991 

.The Honorable Jeff Bin9aman 
United States Senator 
Hart Senate Office Building Room 524 
Washington, D.C. 20510 

Dear Senator Bingaman: 

I am writing this letter on behalf of the New Mexico Medical 
Society which passed a resolution concerning the Waste Isolation 
Pi lot Project. The New Mexico Medi cal Society reoogni zes that 
long-term storage of nuclear waste is becoming an increasingly 
pressing prob1em in our society. We reco~nize that wastes are 
presently contained in inadequate above-ground storage facilities 
and shallow trenches at various sites. We realize that these 
sites are a hea1th hazard in and of themselves, and cannot become 
a long-term solution. However, our first concern is for t.he 
health and safety of our patients, the citizens of New Mexico. 
At present, the physicians of the State of New Mexico do not feel 
that they are prepared to take care of someone who is injured in 
an accident. involving nuclear waste. We lack the training, 
despite the DOE's one day training session. We lack the necessary 
equipment in our emergency rooms and we do not have appropriate 
medical protocols available. We feel that training must not only 
include accident site training, but training to help physicians 
provide inpatient care and long-term care to patients after their 
accident. We do not know what type of help we can expect from the 
Department of Energy in terms of caring for these patients and we 
do not know whether private insurers or the DOE would provide the 
funds for supplies and care of patients injured in a nu,clear 
accident. 

Fina11y, as physicians, our major concern is to protect the health 
of New Mexicans. We wou1d prefer to prevent nuclear contamination 
than to treat it. We would therefore like to make sure that basic 
hea1th and safety standards are followed. Because of this, on 
August 6, the New Mexico Medica1 Society Council passed the 
fol1owing resolutions: 

RESOLVED: WIPP must meet EPA standards for nuclear waste 
repositories before any waste is brought to the site. 

RESOLVED: Transport must be made as safe as possible by assuring 
that DOE complies with Federal and State laws for routing, driver 
qualifications, and packaging. 

612 Eneo Place N.E. • Albuguergue, New Mexicoa1102 • (505) 842-8171 
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RESOLVED: DOE must assure continuous training of personnel and 
must supply equipment for emergency response to the health care 
faci1ities which might be expected to provide primary or referral 
care to persons exposed along the ro~te of transport or at the 
WIPP site. 

RESOLVED: That the provision of health care and oversight of 
health and safety concerns should be the responsibility of an 
easily identified State Official, who has the authority to 
coordinate the medical response to an accident, as we11 as to 
impose regulations to prevent accidents. 

We appreciate your concern on this matter of utmost importance and 
hope to work with you, the Department of Energy, the Department 
of Transportation and the New Mexico Department of Environment to 
assure the safety of the citizens of New Mexico. 

·gi_ fJ1 t)Ni~~o 
Barbara L. McAneny, M.D. 
Council, New Mexico Medical Society 
Chair, Liaison Committee of New Mexico Medical Society to 
the Department of Energy 

BLM:th 

cc: Judy Espinosa 
Secretary, Department of Environment 
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EXHIBIT 4 

The Liaison Commi.ttee to Health and Environment Department met 
August 28, 1991 at 4:00 p.m. at the Netrl Mexico Medical Society 
Headquarters. In attendance were: 

Barbara McAneny, M.D., Chairman 
Kenneth Osgood, M.D. 
Calvin Dudley, M.D. 
Kenneth Bu.11, M.D. 
John Koster, M.D. 

Kenneth Bowman, M.D. 
Norah Wal.sh, M.D. 
Fred Metler, M.D. 
G. Theodore Davis, M.D. 
Chuck Stutzman, M.D. 

~003 

The Ccmm.i.ttee reviewed the meeting w~th Judy Espinosa, secretary of 
the Department of Environment. As a result of this meeting, a 
letter was sent to our congressional delegation explain.i..ng the 
concerns of the Cominittee and inadequate organization of handling 
emergencies as a result of a WIPP accident. From the meeting and 
letter, the state and DOE have established a Task F.orce to begin 
discussions of preparedness in the event of an accident involving 
nuclear waste. The chairman has been appointed to this Task Force. 
As well, she has participated in a course teaching health care 
providers how to deal with hazardous accidents, taught by REAC/TS. 

The Liaison COmm.ittee to the Department of Envi.ronment presently 
feels that the medical community is not prepared to provide med:ical 
care to New Mexicans injured and/or contaminatet'l in WIPF-related 
accidents. Therefore, they recommend that nuclear waste should 
not be transported until thQ proper medical procedures are prepared 
and personnel. is adequately trained and the appropriate equipment 
is in place. In order to meet these requirements, the .:following 
list of suggestions is proposed: 

l) The route must be clearly defined so that training in 
hospitals along the route can be added as needed: 

2) Initial training in general. aspects of accidents must 
occur at the hospitals, to in.Olude physicians, nurses, 
EMT's. it will be necessary to have drills at the 
hospitals and WIPP specif;i.c training and these wi:Ll 
need to be repeated at least annually because of ithe 
turnover in p~sonnel; 

3) Procedure deve.l.opment will need to occur at hospitals. 
This must occur before drills can be done. Hospital 
administrators and other personnel will need to go to 
UNM for procedure development seminars. Than the 
procedures will have to be evaluated by the hospitals 
involved; 

4) Annual workshops and conferences will. be needed to 
update protocols; 

5) The eosts incurred by hospitals, physicians, adnUD.ist:rative 
time, suppl.ies used, wi.11 need to be rei.l?lburs~ ideal.l.y by 
WIPP and DOE; 
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6) DTPA needs to be available entirely along the route in 
each hospital so that it is readi1y av~l.able and can 
be used witrU.ng the first hour of a possible exposure; 

7) Letters of intent need to be provided to hospital. on 
the WIPP route for immediate care and UNM needs to be 
designated as a backup for transfer for definitive care 
of injured and contaminated patients. Other hospitals 
in the Albuquerque area will need to understand their 
role as possible back-up ho5Pitals. Costs incurred for 
such treatment at local hospitals and at referra.1 
hospitals will need to be covered by DOE/WIPP. The 
accessibility and availabil.ity of Federai resou~"Ces, 
such as FEMA, JNACC, DOE, DOD REBG/TS and NRC need to 
be set down in writing for the state. In particular, 
what costs will be covered and what responsibilities 
will be born for each organization; 

8) 

9) 

10) 

11) 

A coordination center for response to an accident is 
needed with. a key state official, perhaps the Governor, 
identi£ied, with authority to mobilize the medical 
personnel and emergency teams and coord:inate with 
other agencies;: 

There needs to be a coordination and oversight 
committee with the responsibility to assure the 
Governor and the state on a continuing.basis that 
the preparation is adequate; 

The system, docimeters, equipment, and training i:ieeds 
to be audited by non-DOE/WIPP of£ioial.s; 

Items such as blood samples, etc., to be tested for 
contamination must have a means for transport ancl a 
lab available and adequate for testing; 

12) The costs incurred by the state in case of an accident 
in transport or off-site relief need to be covered by 
WIPP and DOE; 

13) Alpha detection de7ices need to be provided for the 
hospitals and on all of the WIPP trucks, they need 
to be the same size, type, and caJ..ibrations shoul.d 
be done centrally rather than locally; 

14) Determination of intervention levels for actions in 
case of accident and reclamation evacuation levels, 
etc., need to be defined and the ability to close 
roads, evacuate towns, needs to be determined; 

1 !i) 'l'hF> war.lrers at t~ m;ip Ei. toe o.nd tronapo!!"eaoe.i.o!\ 
industries need to ensure that they have adequate 
insurance coverage which will not el.iminate 
nuclear-re1ated injuries or de1ayed nuclear-related 
.il.lnesses: 

~004 

The Committee felt that the Society's annual continuing lliuidical. 
education program should be structured to inform the membership on 
how to deal with a nucle~ accident and how to £orm a plan for 
their hospital. This should include CME. 
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Furthermore, the Committee requested that information on the 
TRU-PAC II's be provided to the Committee for safety reasons. 
The concern of the Committee was that they are not tested to 
faiJ.ure and therefor~ the dependability of the PACT' s i.s 
questionable. 

The Committee also requested that a meeting and site visit to 
scheduled at the WIPP site in Carl..sbad. 

The meeting was adjourned at 5:30 p.m. 

Respectfully su.bndtted, 

Barbara L. McAneny, M.D. 
Chairman 

. BLM:rs 

fl] 005 
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EXHIBIT 5 

•••••••• •••••••• •••• • •• •••••••• •••••••• •••••••• 

NEW MEXICO CHA.PTER 

•••••••• •••••••• •••• •• 
~uly 26. 1991 

American College of 
Emergency Physicians 

Robert M. Lopez 
Spec:al Waste Bureau 
Environmental Improvement Jiv:sio~ 
:190 St. Francis ~rive 
Harold Runnels Building 
Santa ?e, ~M 87503 

Jear Bobby, 

In Cue Of: 
Oiv1s1on of Emergencv \!ec1(1ne 
L'n1vers1tv of New Mexico 

School ot Medicine 
020 Camino de Salud '-.;E 
.-\lbuquerque, \:M 871J1 

~o fo!!ow up our discussion at :~e July :Sth meeting, ! wanted to 
restate the concerns we in the New Mexico Chapter of the American 
College of Emergency ?hys1c:ans ~ave :egarding our ;resent state of 
:eaciiness for WIPP shipments. 

7hough our protocol ~or the emergency medical care of victims ~=:m 
a WI?? transportation accident :s nearly complete, we presently do 
~at have the ability to :~plemen~ ~~ 

7:ain1ng of hospital staf: :n ::s ~se will ~e ~eceE~ary to make 
such a detailed protocol work. 7~e REAC/TS presentations provide 
an introduction to the eiementary ?hys:cs and medical implicat:ons 
o: =adioactive contamination ~ut they =a not provide any pract:cal 
quidelines for treating a contaminated patient. More specific 
training of "what to cio and how to do :t" will have to be 
developed. Also. since a WI?P :elated accident is expected to be 
an infrequent event, retraining sessions and regular drills will be 
essential :or maintaining readiness over the lifetime of the WIPP . 

~he selection and t=aining c: ~adiation Safety Officers presents 
special problems. I know c: ~o program which could provide them 
with the expertise they need to ~o the :ob of surveying !or 
ccntamination and overseeing it~ containment: this is completely 
~utside the experience and train:~g of most healthcare workers. 
~he DOE may have a course whic~ would cover our requirements, but 
:: ~ot, we will ~ave to develop =ur own and this may prove 
d.i::ic'..llt. 

~ssential equipment ~eeded to :~plement t~e ?rotocol :s :acki~g at 
~ost of our hospitals. 

?'..l~ding :er these educational ~rcgrams and equipment purc~ases ~oes 
:-.ot ~XlSt. 



The issue of DTPA distribution needs further consideration. This 
drug should be available within an.hour of contamination. It would 
seem most prudent, therefore, to have DTPA widely distributed, but 
this would require larger amounts of this drug in New Mexico and i: 
is difficult to obtain. !f it is to remain centralized to a few 
areas, as it is now, a reliable system of rapid disbursement wi:! 
have to be developed. 

Addressing these problems would clearly ~e facilitated by a single 
central state authority overseeing WIPP preparations. It could 
review and adopt standard ?rotocols. with standardized equipment 
~ists and training programs; costs could then be ascertained and 
funding applied for. It would also serve to coordinate the efforts 
of the various sectors involved in handling a WIPP transportation 
accident. 

! am enclosing a first draft copy cf the protocol we have been 
~orking on so that you have a better feel for the complexity of the 
issue as we see it, and a better understanding of our concerns 
about developing training programs. Also, on page 7 you will find 
a list of the equipment needed to implement this; you can see that. 
with the exception of the aipha detector. most of the items are 
inexpensive and "low tech"; many could be purchased at any hardware 
store, but hospitals do not usually have them on hand. 

~hank you for the opportunity to express ~~MACEP's ~ajor concerns 
::-egarding this issue. The formation of t!us committee :i.s an 
encouraging step towards our common goal of making ~ew Mexico ready 
:~ accept WIPP shipments. 

Sincerely, 

Jav:d ~. Wesselman, ~.D., ?.A.C.Z.?. 
President, ~MACEP 
1100 central SE 
Albuquerque, NM 87102 
841-1125 (office) 
8 2 8 - 2 8 2 O ( home ) 
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EHIBIT 6 

CONCEPTS, COMPONENTS. AND CONFIGURATIONS 

Emergency Department 
Radiation Accident Protocol 

Ralph B. Leonard, MD, PftD• 
Winston.Salem, Notttt Carolln• 

RoO.tt C. Rieks, PttDt 
Oak Ridge, TennHaff 

Every emergency depertment fee•• the potentlel problem of hendHng one or 
more vfctim• of a redletton acddent. While emergency depertments neer 
nucl••r power plenta or Isotope production leboretortea probebly heve a 
detelled protocol for such emergenciea, a slmller protocol la needed for th• 
emergency department thet m•y h•v• to handle •n laol•ted event, such a• a 
vehicular accident that spill• redloactlv• metertel end cont•mlnates 
P•••engera or byatandera. This communlcaUon attempt8 to answer th•t 
need, preaenttng a step-by•step protocol for decontamin•Uon of a r•dl•tton 
victim, the rational• on which ••ch step la b••ed, a llat of needed supplf", 
and • short summary of decorporatlon procedures that should be •tarted In 
the emergency department. Leonard AB. Ricks AC: Emergency department 
radiation accident protocol. Ann Emerg Med 9:462-470. September 1980. 
disaster management, radiation accident: emergency department protocol. ra· 
diation accidents: raa1at1on accident, emergency department protocol 

INTRODUCTION 

The recent event at Three Mile Island in Harrisburg, Pennsylvania, mnde 
all emergency physicians acutely aware of their need to be prepared to handle 
contaminated v1ctuns of radiation accidents. Because very few people in emer· 
gency departments have had actual experience with such problems, it may be 
difficult for the departments to prepare a detailed protocol. Emergency depart· 
ments near a nuclear power plant or isotope production plant probably have 
such a protocol. However, even those not so located muat be ready for isolated 
events, such as vehicular accidenca spilling radioactive material, or ac:c:identa 1n 
chemistry laboratories or in nuclear medicine departments. Thus, every emer· 
gency department should have a protocol for handling victims of a rndintion 
accident. 

In 1963. the Jour11al of th• A m•r1ca11 M•dical Aasociatio11 published an arti· 
cle by Saenger,• which discussed hosJ)1tal planning for radiation accidents. We 
expand the data 1n Saenger'!! presentation by means of a detailed outline• that 
can be adapted easily by any emergency department. Obviously, for thnt :idapta· 
t1on, specific names and beeper numbers would be included, as would specific 
rooms or areu in which the !tpec1fic actions would be cnrr1ed out.. Emergency 
depnrtments near a nuclear power plant or isotope production plant would 
include the safety personnel and :ivailable equipment of that plant as pnrt of the 
protocol. 

• Oenved from courM: '1iandlinr of Radiauon Acciden&a by Emergency Penonnel," Radi· 
auon Emergency Asa11tance Center/Training Site. Oak Ridct. Tenn ...... 

From !Pie Secrion on Emergency Medical Ser111ces. Decartmenr of Surgery, Bowman G1av 
Scnoo1 01 Meaicine ol Wake Foresr Univers11y. W1ns1on.sa1em. Non,, Caro1ina. • ana rne Ra· 
a1a11on Emergency Assisrance Cenrer1Train1ng Sire. Ou Aiage Associa1ea Un1vers111es. Oak 
Aioge. Tennessee ' 

Adaress tor recrinrs RalcPI B Leonara. MO. Section on Emergency Meaicar Services. Bow
man G1ay Scnoor ot Meoicrne. 300 Sourn Hawrnorne Roaa. Winsron-Sarem. Nortn Caroiina 
27103 
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RACIATION PHYSICS 

While it 15 not our purpo!!;e to 
d1scu:.s radiation physics 1n detail. a 
few basic concept." are needed to ex· 
plain the stepis taken in this protocol. 
A detailed di!lcusl'!1on of radiation 
phy~1cs c:in be obtained from any col· 
lel{e phrucl'I textbook, ard an expla· 
na t1on of the var1ou11 counters used 
1n meallunng r:idioact1v1ty from any 
introductory nuclear medicine text· 
book. 1 ··' For this discussion. the term 
"radioact1v1ty" refers to the loss of 
e1 ther particles \alpha or beta) or 
energy q~amma rays) from a spon· 
taneou11ly decaying unstable atom. 

Alpha particles are composed of 
two protons and two neutrons <the 
nucleus of a helium atom1 and are 
heavy part1cl~ w1th a plus two elec· 
tronic charge. They have a range of a 
few centimeters 1n air. ln tissue, they 
have a range of only a few m1crome· 
ters and. consequently, cannot pene
trate skin. Thus alpha·em1ttin1r con· 
t.aminauon 1s not a hazard to 1r.tact 
~kin. but it is a hazard to open 
wounds or when inhaled or ingested. 

Beta particles are emitted from 
the nucleus ind are s1m1lar to elec· 
trans. They have a range of several 
meters 1n au and a few nullimeters 
in t1s11ue; consequently, they pose a 
b1olog1cal threat both internally and 
ex ternaily. 

Gamma rays are electromagnet· 
1c energy ilike x-raysl emitted from 
the nucleus. They have a range of 
many meter! 1n air and many cen· 
ti meter! in tl!lsue and, like beta par· 
t1clt!s, coniit1tute a biological hazard 
both internally and externally. 

Ileta and gamma emitters are 
most likely to be encQwuered by 
emergency medicine personnel. 
Alpha emitters are pr1mar1ly trans
uranic isotopes and are generally 
found 1n nuclear chemistry laborato
r1e!I and isotope production racilities. 
When checking a patient for radioac
t1v1 ty, however, one muat. mnnitor for 
alpha as well a.s beta and gamma ra
diation. 

The radiation counter most 
commonly used by Civil Defense per· 
sonnel and 1n emergency depart· 
ments 1s the CDV-700 Geiger· 
\fueller 1GMl counter. This 111 an ex· 
:ellent device for detecting beta and 
:amma radiation, but it must con
a1n a special window for detecting 
I pha radiation becauae of the low 
enetraung power o( alpha particles. 
he alpha window must be held close 
1 the surface being monitored, but 
ust not touch that surface or 1t will 
! con1.am1 nated . 

When momtonng a possibly con· 
taminated patient. one is primarily 
1ntere~ted in determ1n1ng whether 
the piit1ent 15 contaminated and. 1f 
so. where. Secondarily, one nffds a 
rough estimate of the amount of con· 
tam1nat1on. Because the f1ux of par· 
tides falls off as the inve!"Se ::1quare 
of the distance of the probe from the 
radioacuvity, the probe must be held 
at a constant distance from the sur· 
faces being monitored. 

All emergency phys1C1ans and 
those tot.her than the radiation safety 
officer1 assigned in the protocol to 
monitor a contaminated patient 
should discuss the details of monitor· 
ing with the radiauon safety officer or 
health phys1c1sts at their institutions 
in order to be familiar with both the 
equipment and the procedures before 
a radiation accident occurs. 

TypH of Accidents 
ln considering the medical pl'Ob

lems of a victim of a radiation acci· 
dent, one must keep in mind three 
situations. The first is cantam111a· 
tion, m which a raci1oact1ve material, 
in the form of duat, solid particles or 
liqwd, becomes ph~ically attached 
to the victim's skin or clothes. This 
can be detected by proper monitoring 
of the patient and may consist of 
alpha, beta· or gamma emitters, 
depending on the type of isotope 1n 
the contaminant. This type of acc1· 
dent requires physical decontam1na· 
tion a.s outlined in the protocol <Ap· 
pend.ix l>. 

The second situation is incorpo
rat1011. in which a radioactive mate
nal, in the form of dust. solid part1· 
des, or liquid. is inhaled or ingested 
or contaminates an open wound. This 
is a true emergency because the ra· 
dioactive matenal will be able to ir· 
radiate internal tissues. cau11ing 
much more extensive cellular dam· 
age. Many radioactive elements be. 
com• biologically and esaentially per· 
manentiy incorporated into the body's 
molecules. In addition. elementa such 
aa uranium pose a toxic threat. a.s do 
nonradioactive heavy metals. Such a 
situation demands immediate de· 
corporation (Appendix 2l. 

The thi•d situation is irradia· 
uon, in which the patient has been 
sub1ected to a high flux of gamma 
rays or x·rays. As such, he is nut ra
dioactive and no radiation will be 
detected on his body or his clothes. 
Any tissue damage he has sustained 
happened instantaneously and ·will 
manifest itself in time. The irradia· 
t1on may be local, such u exposure of 
a hand. or total body. The latter 

Ann Emetg Med 

s1tuat1on may give rise to the "rad1a· 
t10 n syndrome."•· 1 • Al lhouirh the 
details of the "radiation syndrome" 
are not relevant to emergency de
partment care. emergency depart· 
ment pel'!onnel should be familiar 
w1th the early symptomlll and note 
them on the patient's chart. 

The gastrointestinal system rep· 
resents a handy and reliable "do· 
s1meter" which allows the emergency 
physician to gauge the dose of radia· 
tion received by the patient.' Low 
levels of radiation will produce 
anorexia and nausea. Vom1t1ng, 1f it 
occun1. may be delayed for five or 
more hours. If vom1t1ng begins with· 
in one to live hours, tt 1s usually a 
sign of significant 1rradiatton. with 
po!!s1ble serious sequelae. lf vomltlng 
begins within one hour. it ts indica
tive of a near lethal irradiation dose: 
if it begina Wlthin minutes of elq)OllUre, 
it 1s probably a sign of a lethal dose. 
Thus information on gutroint.estinal 
signs and symptoms - from feelings 
o( anor9xia and nausea to vomiting -
should be noted on the chart along 
with the time each began. 

The lymphocyte count ia a more 
sensitive "clinical dosimeter" wher· 
ever round-the-clock laboratory 
factlities are available. Consequently 
a complete blood cell and differential 
coun: should be obtained aa soon aa 
pou1cle so that subalequent changes 
can be monitored. s Decreases 1n the 
absolute lymphocyte count, if they 
are to occur, are apparent within ~4 
hr. If the count doei1 not decline 
below 1,200/cu mm w1t.h1n 24 hr, the 
patient will requi,re no clinical sup
port: if 1t fall• below 500/cu mm, a 
severe course can be ant1c1pated; 1f 
the lymphocytes disappear within six 
hours. the dose of radiation was fatal. 

AAOIA TION ACCIDENT PROTOCOL 

We present an emergency de· 
partment radia.:on accident protocol 
for the handlin11 of patients believed 
to be contaminated externally or in· 

t.ernalty by radioactive matenals 4 Ap· 
pendix 1 I. It shuuld go without say· 
ing that the steps in the protocol 
must be practiced b~fan a radiation 
emergency a«urs, and that each per· 
son on the emergency staff ~hould 
know his res1>0nsib1litie1 and how 
to carry them out. All neeesaary 
equipment (Appendix 31 should be 
available before an accident occurs or 
be obtainable between the time the 
emergency department receives not1· 
fication that a pou1bly contaminated 
v1ct1m 1s on the wav .and the time 
that v1c:t1m arrivea. · 
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can be made with two sheoets and 
a plastic sheet as described <Ap· 
pendix ll. 

In either event, several large 
con taaners are nec:es.eary for collec
tion of the contaminated wash water. 
Most contamination c:an be removed 
by suJ1)ris1ngly small amounts of 
water, and three tive-gaJlon contain· 
en should be adequate. In addition, 
sev~ral plastlc·lined, lidded contain· 
ers are needed for other contami· 
nated materials, such as gauze and 
gloves. 

Oecont•mtnatlon Te•m 

The physician designated aa 
being 1n charge mu.st be familiar tn 
advance wtth the protocol and all 
procedures. 

The nurse usigned to the decon
tamination room 111 responsible for 
collecting all specimens and measur· 
ing vital signs. u well u for as11st· 
ing the phyau:ian. 

The radiation safety officer will 
monitor the patient to determine 
whether he is contaminated and. if 
so, to determine where he is con
ta rrunated and at what level of acttv· 
1 ty. He 1s also responsible for analy
stiJ of all swabs of radioactive areas. 

A circulating nurse helps label 
specimens, receives equipment or 
supplies from the person standing 
outside the decontamination room. 
and records data on the patient's con
tamination and vital signs. 

Decontamination T•am Prep•ratlon 

The decontamination team 
should be outfitted with protective 
clothes as outlined in the protocol. 
However, if the patient amves be
fore that is possible and has !if,.. 
threatening inJunes that mtSst be at
tenaed to immediately, the team can 
treat him as soon aa they have put on 
surgical gloves. gowns, and masks. 
Rarely is a patient llO contaminated 
that the level of radioactivity as a 
threat to the medical team. The main 
~oals of precautions taken during 
:lecontam1nation are to prevent the 
·ad1oactive material from internally 
:ontam1nating the patient through 
'ral ingestion. inhalation. or open 
rnunds. and to prevent spread of 
Jntam1nat1on throughout the emer· 
ency department and the hospital. 

When time and the patient's 
1ndition permit 1t, the decontamana
Jn team !hould prepare as follows: 

They should make use of rest
om fac1ht1es, since they will not be 
lowed to leave the decontam1nat1on 
Jm once the patient arr1 ves. 

A film badge with the team 
member's name on 1t should be at· 
tached to the member's street clothes 
or uniform. Because the protective 
clothing goes on over street clothes, 
large or extra-large sizes of surg;cal 
trousers and pullover shirts should 
be available. Water-proof shoe cove!'! 
should be put on and the cuffs of the 
trousers taped securely to them. A 
tab let\ at the end of the tape will 
make ita removal easier. A surgical 
gown is then put on, followed by a 
pair of surgical gloves which are 
taped to the sleeves of the gown. A 
sur11cal hood and maak are adequate 
to protect the head. hair, and face 
from contamination: the deconta.m1-
nat1on procedure should never be so 
sloppy that goggles are necessary. 
The second pair of surgical gloves is 
not taped down because they must be 
changed during decontamination if 
they are torn or if the radiation 
safety officer finds they are badly 
contaminated. 

Finally, a dosimeter with the 
wearer's name on it should be at· 
tached to the outside gown at the 
neck where it can be read easily but 
is not likely to be contaminated. 

Patient Arrtvat. 
The emergency physician in 

charge and the radiation safety of
ficer should meet the ambulance at 
the entrance to the emergency suite. 
The physician's primary task at this 
point 11 to determine whether the 
victim has injuries other than poten
tial radiation tnJuries and. if he is 110 

injured, how cnucal those injuries 
are. While the physician i1 doing 
that, the radiation safety officer can 
determine whether the victim is con
taminated. The ambulance attend
anu should have removed the 
victim's clothes and left them at the 
accident site, for a major portion of 
the contamination is uauaUy found 
on them. If that w&1 not done. and 
the victim is contaminated, the phy
sician must decide if the v1ct1m's 
condition permits removal of the 
clothes inside the ambulance because 
at, presumably, is already contami
nated. If the victim needs immediate 
medical a •ent1on, he is taken, 
clothed, directly to t.he decont.amina
t1on room. When a choice must be 
made, the care of life-threatening 
conditions must aJ ways take pnarity 
over containment of contamination. 

Whtie those decisions are being 
made, other members of the decon
ta m1nat1on team should bnng the 
prepared !Stretcher to the ambulance 
door. From this point on, we will as-

sume that one victim only is in
volved. and that he ts contaminated. 
He now becomes ''the patient." He is 

transferred to the stretcher and 
taken to the decontam1nat1on room 
along the specially prepared route. 
The ambulance attendants are to 
remain with the ambulance until 
checked for contamination by a per· 
son designated by the radiation 
safety officer. If the attendanc.a or the 
ambulance or both are contaminated. 
their decontamination 11 the respon
sibility of the radiation safety officer 
and his ass1at.anta. 

Oac:ont•mlnatlon ot Patient 
It. is es.:tential that care of serious 

medical problems take precedence 
over any attempta to decontaminate 
the patient. The physu:ian and nurse 
must do a complete physical exam
i nation and attend immediately to 
the basics of resuscitation and pre
li minary studies. Only when the pa
tient's condition is stable should they 
tum to decontamination. 

If the.patient is st.ill clothed. his 
clothes should be removed and sealed 
in a plastic bag. While the radiation 
safety officer begins to monitor the 
patient, team memben use cotton· 
tipped applicators to swab the ear 
canals, nares, and onil cavtty. These 
swabs should be placed in a glass 
tube, and the lube labeled <qtient's 
name. the time. and the site), stop
pered, and placed in a lead container 
!obtained from the Nuclear ~edicine 
Department) for later mon1tonng 
and analy11is. The circulating nurse 
records on a diagram of the body the 
areas found by the radiation safety 
officer to be contaminated, along 
with the meter readings from each 
site. The patient musi be turned 90 

that his back is monitored also. All 
contaminated ueaa should be 
swabbed with cotton-tipped ap
plicators which are then stored as 
indicated. 

The first priority in the decon
tamination procedure should be con
ta m1 n a ted open woundit, for such 
areas allow for r:ap1d incorporation of 
r:idio1sotope11. Deco,f'l)Orat1on ;: !"'Oce
dures should be started (llff Appen· 
dix :ll, and impuon of the wound 
should begin with copious 1tmounta of 
normal ~•line for at least three min· 
utes. If mon1tonn11 show! penistent 
contamination, im1rat1on can be con· 
tinued with normal .1aline, although 
9ubst1tut1on of~· hydrogen peroxide 
may be more helpful. If repeated 
mon1tur1ng shows that contamina
tion pers1su. ·gentle surgical d•· 
bndement of tne surface u.uue of the 
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wound should be done. It need. not be 
too radical, :is mo9' of the contam1· 
nanta will adhere to the outer sur· 
face of the wound. Deep debndement 
and exc1s1on should be necessary 
only when particles or pieces of ra· 
d1oact1ve material have been 1mplod· 
ed into the tissues. Any ti11ue re
moved should be placed in a stop
pered container which is then placed 
in a lead container for later analysis. 

If radiation material is found in 
the eyes. gentle irrigation should be 
undertaken with the !ltream diverted 
a way from the medial can thus so 
that it does not force matenal into 
the lacr1mal duct. 

Contaminated nares and ear 
canals should be gently irrigated 
with frequent suction so that radio
actt ve material is not forced deeper 
into those cavities. Radioactive ma· 
tenal found in the oral cavtty consti· 
:utea a medical emergency because, 
f it reaches the stomach, internal 
:ontaminat.ion and incorporation w;Il 
-ccur. Gentle irrigation and suction 
hould be started promptly with the 
iouth turned sideways or down <as 
ie patient's a>ndition allowsl so that 
ie irrigation solution runs out of the 
iouth and 11 not swaJlowed. After 
1e mouth hu been decontaminated, 
nasogastric tube should be inserted 
to the stomach in order to deter· 
1ne whether r:iciioact.1ve material 1i1 
esent. If so, decorporat1on should 
started (Sff Appendix 2l, and lav
e should be instigated with normal 
1ne in small aliquots so that the 
•mach contents are not forced 
'Ough the pylonc sphincter. 

The skin l!'I naturally the most 
1mon area of the body to be con
unatcd. However, gentle scrub· 
§ with soap and tepid water is 
ally all that is needed to remove 
cont.am1nat1on. Hot water should 
be ui1ed because 1t cauHS cutane· 
•a:>Odilatauon. and th .. increases 
:hanees of incorporation. For the 
! reason. a t1t1ff brush should not 
ied and the area shouJd not be 
ibed to vi1;1>rously. If contamina· 
>crs1i1ta after two or three waah· 
Lava" ~ap or a mixture of half 
and half cornmeal can be used 
~entle ubra.save in place of the 
Clorox"'. either full strength for 
areu or diluted for larger 
can then be used if the con· 

atlun per.11111.li. 
air can usually be decontami-

w1 th repeated shampooing 
oap and tepid water. If con· 
•tton peM11stli. the hair can be 
-d with clippers. but the scalp 
not be ~haved, for any break· 
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1 ng of the skin will allow incorpora· 
tion. 

Remov•I ot P•tlent from 
Oecont•mln•tlon Room 

After the patient has been medi· 
cally treated and decontaminated. he 
should. be discharged home or adnut· 
tad to the hospital, depending on h11 
clinical condition. 

The patient's body should be 
dried thoroughly and all previously 
contaminated areas should be re· 
swabbed with cotton-tipped applica· 
tors, which are then marked "post· 
decontamination" and stored for 
later analysis. If the radiation safety 
officer finds no contamination when 
he remonitors the patient, new floor 
c:ovenngs are placed frvm the clean 
line at the door to the stretcher on 
which the patient lies (and from the 
door to a clean stretcher out.side the 
room unless the area outside the 
room hu already been decontami· 
nated>. The clean stretcher is 
brought in: the patient i.s transferred 
to it by new attendants lthose in· 
volved in the decontamination proce· 
dure may now be contaminated>; and 
the stretcher and patient are 
wheeled to the door. After the radia· 
tion safety officer makes a final 
check of the patient and the stretcher 
(especially the wheels>. the patient as 
wheeled from the room. 

Each member of the decontami· 
nation team then goes to the clean 
line and begins to remove his protec· 
tive clothes 1n the manner described 
<Appendix ll. 

Radiation Safety Officer 

The radiation safety officer and 
his assistants are responsible for 
monitoring, and decontaminating if 
needed. the ambulance and attend· 
ants, the route from the ambulance 
entrance to the decontamination 
room. and the decontamination room. 
He should set up procedures and 
choose an appropriate area in which 
the attendants can be decontami· 
nated. If only their hands are con· 
tam1nated, for example, they could 
enter the decontam1natton room and 
wuh their hands there. Where pos· 
s1ble. the radiation safety officers 
assistants should be carrying out 
those decontamination procedures 
while the patient is being decon· 
taminated. 

The radiation safety officer over· 
seei1 the dispo!i!al of any clothing, 
shHting, refuse. and water found to 
be a>ntam1nated. 

Finally. he must analyze or have 
analyzed all medical specimens and 
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swabs in order to determine which 
radioactive isotopes are present. 
Such information 1s essential for the 
future medical t<tre of the patient. 
He should also let the decontamtna· 
tion team know the results of analy
sis of their film badges and dosimeter 
readings. 

24.ffr Advice and Aa_.•t•nc• 
Each state radiological health 

department haa quaJified staffperson.s 
and should be contacted for assistance 
regarding radiation acc:identa. Also. 
the United States Department of En
ergy maintains regional offices, each 
with a radiological aui1tance plan to 
aid emergency service personnel dur· 
ing radiation accidents. Finaily, the 
Radiation Emerrency AHiatance 
Center/Training Site <REAC/l'Sl pro
vides a 24-hour consultation service to 
any person requesting advice in han· 
dling radiation accidenta. REACtrS 
can provide telephone advice, send a 
team of a:parta to auiat at an accident 
site, or accept a badly contaminated/ 
irradiated patient for transfer to ita 
facilities after the on-site emergency 
team ha.I provided initial treatment 
and decontamination. REAC/l'S can 
be contacted l> by calling (615) 576· 
3131 Monday throuch Friday (8:00 
am to 4:30 pm); 2> by calling (615} 
482-2441 <beeper 241>. a 24-hour 
telephone that rings at the switch· 
board of the Oak Ridge Hospital; ot 3 l 
by writing REAC/l'S. Box 117. Oak 
Ridge. Tennessee 37830. REAC/l'S is 
also a maJOr source of information on 
the biological effects of radiation. 
since it maintains a computenzed 
data bank of world-wide reports on ac· 
cidental. diagnostic:, and therapeutic 
irradiation. 
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Appendix 1. Radiation accident protocol for tmugency departrnenu. 

!. Not1ficat1on 
A. Director of emerrency department 

L Oec1das whet.her to implement radiation 
acc1dern plan 

2. Soufies others 1 B·El 
3. Tak• cnure of vu:ttmtsl or dea1rnatH per-

'°" to do IO 
B. Director of nursin1 
C. Radiation safety officer 
0. Secunty 
E. Informational Mrv1cH 

II. Obtain On.Siu ln!ormation 
A. Number and condition of vicuma - uncon· 

tarrunated 
B. Number and condition of v1ct1ma - cont.anu

nated 
C. Type of radio.ctive isotopes involved 
0. Type of rutation accident 

l. Irradiation 
2. Contaminauon 
3. Incorporation 

III. Emerrency Department Preparation 
A. EvacuatJon of emersency department 

1. All pauenta or othera near route from am
bulance .ntrance to decont.ammauon room 
to be moved to other areu 

a. Patienta w1th noncr1t1cal problem• to 
wa1t1n1 rooma or other 1u1table areaa 

b. Pat1enta with cr1t1cal problems to an· 
at.her section of emerrency department 
w1th continued medical supervt11on and 
care 

c. A! l pregnant or posaibly prernant 
•men to ueaa free of pou1ble contanu· 

?ft 

S. Prept ., for amval of V'lctimia) 
1. Fli 

a. l\auu from ambulance entunce to d~ 
contanunat1on room to be cove~d w1· 
roll of plaat&e or paper or w1t.h i1heeta. ~ 
cova1n1 MCUred. to noor With tape 

b. Above rouc.e to be marked off with ropa 
and marked •radioactive" unul cleared 
by radiation aafety officer 

2. Dea>ntam1nauon room 
a. Room 1hould h&ve ~•rate ventilation 

11y1&.em; if not, tum off venuiat1on tcail 
ho91>1tal enrineer1 

b. Floor to be covered amoothly with plHt1c 
or paper noor covennr tor 1heeta1 se
cured to noor with tape 

c. Stnp of tape on floor at entrance to d• 
contamination room to delineate con· 
taminued aide from noncontam1nated 
11d4i 

Ann Emetg Med 

d. Radiation safet·· officer to dea1rnate per· 
90n with counter to stay et entrance to 
monitor all penonnel, equipment, and 
samples leav1n( decontamsnauon room 

e. Nonesaential equipment to be removed 
rr~m room or covered with pluuc 

(. L: .,, swtu:hes and handles on cabin.ta 
.-.: doors to be covered •1th tape 

J. C .. arfe nurse to dHscnate person to 
st.and outa1de to obtain 5upplias for med· 
ical and decontamination teama 

b. Place cont.anunauon tray on stretcher or 
make trourh on deconi.am1nat1on tabla 
as followa: 

Roll two sh"" lengthwiee and place 
1on1 edce and head of table 

11 iace plaat1c shHUnl( over rolled 
:tneets, tucltinr It under th• ude1 
and head 

ui. Form enda of plaa&ic sh.at at the foot 
of tabla into a trourh th&c empt1• 
into a larre plaat1c container or 
waaa..bukat lined with 1 heavy pl ... 
uc bar 

iv. Elevaie head of table or stret.cher 90 
that ail water runa into container 

i. PT-ov1de lar1• plutic or m~I containers 
with plaatic ba11 to reat1ve discarded 
contam1naLed clothea, rauze. supplies, 
etc: 

C. OeCDntam1nauon team 
l. Physician 

a. Takes cnarre of medical problerna ~. pa· 
~1ent 

b. Ointcts decontamination procedure 
2. NurM 

a. A:sa1.1ta phy11Cian 
b. ls r•porw1ble for collectinf all speam•na 

1. l..aboracory (blood for compler. blood 
cell count, typ1n1 and cro ... match-
1n«i; unne for analy .. 1•, et.:I 

11. Swat. of contaminated areaa <-be
low t 

c. Monie.on vital 111na and rec:orda da&a 
· 3. Radiation safety officer 

a. Monitors patient and d-num1nat1on 
team dunn1 care o( patient 

b. Re91'0runble for anailflll of all •••be of 
contam1nat.ed araaa of patient 

4. Cin:ulattnr nurse 
a. Aaa11ca team u needed 
b. l..abels all 9J19C1mena 
c. Obta1n1 all needed auppli• from ouc.a1d4i 

decontamination room from peraons 
~tauoned at door 



' ' 

' ' 

Appendhr 3. Suppl.its raHdrd to pr1par1 t>t1 erra1rg11tey departmrnt for a cotttaminaud pat:rnt. 

I. For Emef'llftlC'.!' D.partment Prei>aration 
A. Rolla o( 4·foot0 w1da plut1c sufficient tO 

l. Covar floor from ambulance entl'anca to d .. 
contamination room ( rolla of pa par or 
1hHta can be subttitutedl 

2. Cover tha noor of th• decontam1nat1on 
room trvli. o( paper or shMU c.an be subsb· 
tutltdl 

J. Pr911are 1evenl acnt.che1'9 for contam1nat.d 
pallenta 

8. Rolla of 2·1nch·w1de maaiun1 tape to 
1. Secure noor cover1n1 
2. Tape decontamination team's siHvea and 

cuff'I 
J. Covar handln in dec:Gntam1nauon room 
4. Malle "clean line· at door to decontanuna· 

tlon nMJm 
C. Rope to delineate contaminated route from 

ambulan~ entrance to dacontanunauon nMJm 
D. "Radioacuva" 111ns to place on rope and on 

door to dec:untam1nat1on room 

II. For Decontamination Room 
A. Decontamination tny, or 
8. Plaauc and cotton shMta to make decontami· 

nation troullft on stretcher 
C. Th"" 5·irallon containers (or wuh water 
0. ni,.. IU'f• wuce conta1na1'9 
E. PIHt1c bap to line wuta eonta1nar1 
F. Cotton·tipped applicatol'I 
G. Stoppered rlaaa conta1na1'I for swabs o( con· 

tamina c.ad areu 

H. l..ead storaire containers for ~topperad 1laH 
containers - obtain from Nuclear Medicine 
0911artment 

!. Chari with draw1nr o( patient outline 1 front 
and bacltl for racorctinc of contaminated anias 

J. Cloroa• 
K. Lava 1 9CN1p 

L. Soft 9CT'Ub bNah•• • 
M. Mia:ture of \'a Tida 1 • \'a commeal (kaep a1rttlht 

or ~fnrrera1e1 
N. 3' hydrocen pero1:1de 

Ill. For Oeeontam1nat1on Team 
A. !..&rt• and ea:tl'a·lup surf'ical scrub su1u 
8. Surrical aowna ( watefl)rooO 
C. Surt1cal hooda 
0. Surrical multi 
E. Sursscal rrlov• i vanoua sia•I 
F. Wac.tfl)nlOf shoe covere 
G.- Film bad«• 
H. OGlunecan 

IV. For Radiation Safety Ofncer 
A. Beta·1amma detector 
B. Alpha detector 
C. Ea:tn bauann for detecton 
0. ~Radioactive' t.ape-labela to muk containers 

holding contanuna~ apa11:1marw °" 11wabe 
E. "Poll·deeontamination" tape·labels to mark 

containers holding releo¥ant 1wabl 

Reprinted from SectemtJer 1980 Annals of Emergency Medicine" 
.. 
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EXHIBIT 7 At 13 uqu1 .ett'u~ J"o ~l!,Nllt.-

By Rex Graham 
JOURNAL STAFF WRITER 

R ESTAURA~T workers, 
clerks and construction 
workers with no health 
insurance increasingly 

end up in hospital emergency rooms 
\\'hen they get sick or injured, 
cloggmg up waiting rooms and 
11·earing down people like Vince 
Lopez in Espanola. 

Lopez, head nurse in the Espanola 
Hospital emergency department, 
scrubbed blood from the bruised 
and swollen nose of a patient one 
recent weekday night. The man was 
thrown from his motorcycle when a 
car struck him from behind. He 
wasn't wearing a helmet. He had no 
insurance. 

The motorcyclist's girlfriend, 
also uninsured, was motionless on a 
nearby bed with a broken pelvis. 

'Tm double-shifting," Lopez said 
as he wrapped white gauze around a 
sutured six-inch cut on the motor
cyclist's right leg. 

The motorcyclist's ambulance 
ride, emergency treatment and six· 
day hospital stay cost $5,364. Neith
er the man nor his girlfriend have 
made any payment to Espanola 
Hospital for their combined $10,376 
oil!, said a spokeswoman for Pres
byterian Healthcare Services, a 
non-profit corporation that owns 
and operates the hospital. 

Hospitals across the state are 
writing off more bad debts due to 
surging emergency visits. For ex
ample, University Hospital in Albu
querque wrote off 82 percent of its 
emergency charges during its last 
fiscal year, said Dr. Paul Roth, 
acting chairman of the Department 
of Emergency Medicine. 

New Mexicans with insurance 
ultimately end up footing part of the 
bill for the uninsured as hospitals 
raise prices to cover bad debts and 

MORE: See UNINSURED on PAGE A6 
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Treating New Mexico's 
Uninsured Clogs 
Emergency Rooms 

AARON WILSON I JOURNAL 

Emergency room residents Toni Genia, middle, and Linda Kelley, interpret the vital 
signs of a trauma patient during a hectic evening at University Hospital. 
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Uninsured Bleed Funds 
From State's Hospitals 

-coNTINUED FROM PAGE Al 

·insurance companies raise pre
miums. 

The state's Medicaid system pays 
hospitalization and doctors' office 
charges for residents meeting 
poverty guidelines. But many peo

, pie with low-paying jobs don't qual· 
ify for Medicaid and can't afford 
insurance. They are increaslllgly 
relying on emergency rooms for 
treatment. 
; Because of the cost, they're reluc
tant to go to the non-profit, primary
care clinics that charge a fee based 
on income, said Liz Baca, executive 
ilirector of the Gallup-Thoreau
Grants Healthcare System, a non
profit group that receives state and 
federal grants and city and county 
funds. "They hesitate to come in, 
and when they do come in, the 
illness has gotten out of control and 
it costs more money to treat." 

Busy emergency departments 
that have difficulty collecting 
charges from uninsured patients 
are common throughout the state. 
Although total hospital admissions 
plunged 12 percent from 1987 to 
~990 due to government and insur
ance company cost-containment 
rules, emergency room visits 
soared. 
· The federal Consolidated Omni· 
bus Budget Reconciliation Act of 
1985 requires all hospital emergen
~Y departments and ambulances to 
Jreat or transport anyone who asks, 
'f'egardless of how sick they are or 
.their ability to pay. 
· The law has had a huge impact in 
New Mexico, which leads the nation 
in the number of uninsured at 26 
percent of the "population. 
• State statistics show the impact 
~f the 1985 federal law: Lovelace 
;Medical Center, the Albuquerque 
;J>resbyterian hospitals and St. 
Joseph hospitals have watched their 
:emergency department visits jump 
:anywhere from 13 to 28 percent 
·between 1987 and this year, accord· 
,ing to estimates by the New Mexico 
.'.Hospital Association. 
: Emergency visits at hospitals in 
.(;;Javis, Santa Rosa and Farmington 
:Jia,ve jumped 30 percent or more. 
; While emergency department 
·visits statewide rose a total 14 
~ercent since 1987, hospital admis
:Sions dropped almost 12 percent as 
jnsurance companies and the feder
ial government discouraged admis
;sions to reduce health costs. 
• Emergency department mana
'.°gers unanimously agree most of the 
~crease is due to uninsured pa
;tients, although hospitals don't have 
-a breakdown on the percentage of 
;patients who lack insurance. 
: "They go to a doctor's office and 
;.they don't have insurance and the 
-doctor says, 'Why don't you go to 
;UNM?' " said Dr. Judith Brillman, ,, .. 
~r· 

EMERGENCY 
ROOM VISITS 

Albuquerque hospitals 1987 1991' Increase 

Presbyterian hospitals 46.361 53,566 13 % 
Lovelace Medical Center 20 ,418 28 ,239 28 % 
St. Joseph hospitals 29,931 36,264 17 % 
University Hospital 37,627 39,058 4 % 

Qther N.M. hospitals with 100 or more beds 
Clovis High Plains Hospital 8,995 11,738 30% 
Eastern N.M. Medical Center 19,072 20,534 8% 
(Roswell) 
Guadalupe Medical Center 8,537 12,482 46% 
(Santa Rosa) 
Memorial Medical Center (Las 30,219 34,689 15% 
Cruces) 
St. Vincent Hospital (Santa Fe) 31,344 33,059 5 O/Q 

San Juan Regional Medical 16,201 24,516 51 % 
Center (Farmington) 

TotalN.M. emergency room visits 
380,411 441,987 14 % 

• 1991 estimated 
Source: New Mexico Hospital Association 

clinical director of University 
Hospital's emergency department 
at the University of New Mexico. 

Espanola Hospital's emergency 
visits increased from 8,784 in 1987 
to an estimated 10,350 this year. 
Thirty percent of its emergency 
departinent charges are unpaid. 

During one recent 3 to 11 p.m. 
shift, the hospital saw 21 emergen
cy patients, 11 of whom had no 
insurance. 

San Juan Regional Medical Cen
ter reported 42 percent of its 
emergency department charges 
were for uninsured pauents, few of 
whom paid their bills . 

"It's a big hit. Everything else in 
the hospital has to be priced to 
make up for it," said San Juan 
Regional Vice President Richard 
Kaser. "That means people who 
have insurance wind up paying a 
part of that cost." 

Some uninsured New Mexicans 
come to emergency departments 
with colds and minor aches and 
pains that could be treated more 
cheaply at a doctor's office. They 
are sometimes turned away from 
doctors' offices if they can't im· 
mediately pay. 

Others who are uninsured simply 
don't get care for minor illnesses, 
which can later fester into major 
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problems. 
Emergency doctors agree a grow

ing number of uninsured show evi
dence of grossly inadequate pri· 
mary care: rectal bleeding from 
advanced intestinal cancers, 
pneumonia, heart disease and other 
major problems. 

Many uninsured women with 
breast cancer have never bad a 
diagnostic mammogram, which can 
detect the disease in tile early, more 
treatable stages. 

"It's a symptom of a disiointed 
financing and del.tvery system," 
said Howard Shaver, president of 
the New Mexico Hospital Associa
tion. "It's a very expensive way for 
people to get primary care, and it's 
not very efficient because people 
aren't getting Jong-term care." 

A study published last week in the 
Journal of the American Medical 
Association found that when low· 
income patients with no insurance 
finally do come to a aosp1tal, the» 
cost more to treat than insured 
patients with the same diagnosis. 

The authors suggested care was 
more expensive because the unlll
sured often have no family doctor 
and little medical history to guide 
their care. 

Many uninsured Bernalillo Coun
ty residents know University 
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Hospital does not tum away any 
county resident. And when Uni
versity Hospital becomes crowded, 
there's a ripple effect that spreads 
to hospitals across the county. 

The hospital is part of a medical 
center that receives $35 million a 
year from the state Legislature and 
S20 million a year from property 
taxpayers. 

The state's only level-1 trauma 
center - which means it provides 
24-hour-a-day care for multiple 
trauma patients - University 
Hospital specializes in patients 
wounded by gunfire, knifings or 
traffic accidents. But when those 
victims arrive, less severely in
jured or ill patients may be too 
uncomfortable to wait their turn. 

"They get tired of the waits at 
University Hospital and come to my 
emergency room," said Dr. Scott 
Smith, director of the Lovelace 
emergency department. 

Dr. Jon Mustonen, an emergency 
physician at St. Joseph Medical 
Center, also said he is seeing more 
'"disgruntled" patients from Uni
versity Hospital's crowded 
emergency department. 

"We don't tum anybody away, 
and they know that," Mustonen said. 

University 
Hospital 
emergency 
room nurse 
Eve Raily talks 
to Yvette Armi
jo, an unin
sured patient. 
Armijo suf
fered a broken 
finger recently. 
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University Hospital has formed a 
task force to analyze bow its 
emergency department handles 
hundreds of tasks, from ordering 
lab tests to handling discharge 
paperwork, in the hope of saving 
time. 

"What we want to do is cut those 
waits," said Roth of the UNM School 
of Medicine. "Waiting five hours in 
pain can seem like an eternity." 

The Legislature last year tried to 
address the problem by authorizing 
insurance companies to offer an 
inexpensive, bare-bones plan for 
the working poor. Lovelace Inc. has 
proposed such a plan, which is 
awaiting state approval. 

"We're all aware of the problem. 
We' re trying to nibble away at the 
statistics," said Sen. Janice Paster, 
D-Albuquerque. 

Counties use gross-receipts tax 
revenue to pay hospital care of 
indigent residents, but a law that 
went into effect this year allows the 
money to also be used for primary 
care. 

'"To my knowledge, there is not 
any county taking that option as of 
yet, but I think they may in the 
future," said Lea County Manager 
Scott Vinson. 

Another law passed last year 
relaxed eligiblity requirements for 
the state Medicaid program to pay 
for prenatal care for pregnant 
women and their children less than 
1 year old. 

But emergency physicians say 
those changes are Band-Aids. A 
national health plan is the only 
long-term solution for providing 
adequate, efficient care for people 
who can't afford insurance, many 
say. 

"We have a systematic problem 
without a simplistic answer," Dr. E. 
Jackson Allison, president-elect of 
the American College of Emergen
cy Physicians, said in a telephone 
interview. "Unfortunately, things 
will get worse before they get 
better. Unfortunately, there are 
going to be some catastrophies in 
this realm." 

He said the government's inabil
ity to come up with a national 
health-care system will force the 
uninsured to seek care from the 
only place many of them can get it 
- emergency rooms. 

"It's a bind," Allison said. '"They 
don't belong there, but we realize 
that if it wasn't for us, they wouldn't 
be getting care." 
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Ca-DTPA (Trisodium calcium diethylenetriamenepentaacetate) 

INFORMATIONAL MATERIAL 

PACKAGE INSERT 

Note: Some vials may be labeled as "C..lcium chel 330." This is the same drug. 

Structural formula 
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IND 4041, Trisodium calcium diethylenetriaminepentaacetate (Ca-DTPA), is a calcium salt of DTPA It has been used in the U.S. as 
a chelating agent for plutonium and some other various transuranic elements such as americium, californium, and curium. DTP A is 
also commonly used in lesser concentrations as a chelatmg vehicle radioisotopic in FDA-approved nuclear medicine studies. 

The Ca-DTPA is distributed by Oak Ridge Associated Universities (ORAU) under contract with the U.S. Depa1rtment of Energy 
(DOE), Contract No. DE-AC05-760R00033. ORAU manages the FDA Investigational New Drug (IND) authorizations for Ca-DTPA 
and the analogous Zn-DTPA for (DOE). A review of the use of DTPA drugs (Ca-DTPA and Zn-DTPA) in decorporation therapy 
in the United States from 1958 through 1987 has been published.1 

CLINICAL PHARMACOLOGY 

DTPA belongs to the group of synthetic polyamino polycarboxylic acids which form stable complexes (metal chelates) with a large 
number of metal ions. When releasing a metal such as calcium, it binds to another metal of greater binding power and carries it to 
the kidneys where it is then excreted in the urine. 

The plasma half-life of DTPA is 20-60 minutes. Almost the entire administered dose is excreted in 12 hours, with only a small amount 
bound to plasma proteins, having a half-life of >20 hours. DTPA undergoes only a minimal amount of metabolic change in the body. 
Only a very minor release of acetate groups has been demonstrated and splitting of ethylene groups has not been detected. Following 
intravenous administration Ca-DTPA is rapidly distributed throughout the e:xtracellular fluid space. No significant amount of DTPA 
penetrates into erythrocytes or other tissue. No accumulation of DTP A in specific organs has been observed. There is liule or no 
binding of the chelate by the renal parenchyma, and it is promptly cleared from the body by glomerular filtration. Tubular excretion 
was not observed. Although the chelate gives useful information on the glomerular filtration rate, the variable percent which is protein 
bound leads to a measured clearance rate which is lower than that determined by inulin clearance. In stool samples tested with 
radioacuvely marked chelating agents, only a very small amount of radioactivity (<3%) was detected. 

Ca-DTPA can deplete the body of zinc and to a lesser extent manganese with repeated dosing. The amount of zinc lost is determined 
by the amount of DTPA and the frequency of dosage. From depletion of these essential trace metals, Ca-DTPA can then interfere with 
necessary mitotic cellular processes. Over longer time periods, depletion of zinc due to Ca-DTP A therapy has resulted in transient 
inhibition of a metalloenzyme. B-aminolevulinic acid dehydratase (Al.AD), in the blood, although without observable clinical effect. 
Clinical zinc depletion appears to be avoidable by giving zinc replacement concomitantly. 

Ca-DTPA is approximately 10 times more effective than Zn-DTPA for initial chelation of transuranics; therefore, Ca-DTPA should be 
used whenever larger body burdens of transuranics arc involved. Ca-DTPA is the form of choice for initial patient management unless 
contraindicated. After approximately 24 hours. however, Zn-DTPA is for all practical purposes as effective as Ca-DTPA. since the 
inefficiency of both agents is about the same. This comparable efficacy, coupled with its lesser toxicity, makes Zn-DTPA the preferred 
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agent for protracted therapy. 

INDICATIONS AND USAGE 

Ca-DTPA and Zn-DTPA effectively chelate several transuranium ions (plutonium. americium, berkelium, curium. and californium). 
Their clinical use has been primarily for treatment of internal contamination with plutonium and americium. One patient contaminated 
with in excess of 1 ruCi of americium had 99% of the totai body burden removed with prolonged therapy over 4 years with a 
combination of Ca-DTPA/Zn-DTPA therapy.s 

The efficacy of Ca-DTPA and/or Zn-DTPA treatment for plutonium incorporations is good for so1uble salts, such as the nitrate or 
chloride, but is essentially nil for highly insoluble compounds, such as the high-fired oxide. The same characteristics are noted 
e:qierimentally when a soluble (monomeric) form of plutonium is administered that gradually converts to less soluble (polymeric) forms 
as it is distributed and deposited in various tissues in the body. Thus, chelation is highly dependent not only on the metal itself. but 
also on the chemical and physical characteristics of the compound at the time of DTP A administration. Because the efficiency of 
chelation decreases with lime DTP A should be given within 6 hrs of exposure. 

CONTRAINDICATIONS 

Ca-DTP A is contraindicated for minors, pregnant women, nephrotic:s, and persons with bone marrow depression. (Such patients may 
be treated with Zn-DTP A). 

Ca-DTP A is not approvea under the current IND as a chela1or for uranium or neptunium. Incorporation of uranium, an actinide, is 
no! to be treated with DTPA because of the risk of renal damage from the excretion of uranium.2 DTPA appears to form an unstable 
complex with neptunium, which actually can contribute to increased bone deposition of this actinide. 3 

WARNINGS AND PRECAUTIONS 

1) Ca-DTPA treatment is contraindicated where there is known pre-etisting serious kidney disease or depressed myelopoie1ic function 
(e.g., pathologic leukopenia or thrombocytopenia). 

2) Kidney function should be normal. Urinalysis should be normal prior lo each use. IC pro1einuria, blood or casts are present, 
discontinue drug administrations. 

3) Fractionation of !he recommended 1 g dose (several smaller doses per ;uy) is contraindicated. 

4) Check blood pressure during infusion. 

5) Discontinue drug if diarrhea occurs. 

Pregnancy Category D 

Tera1ogenicity and fetal death have occurred in mice following five daily injections of 720-2880 jUDOI Ca-DTP A/kg given throughout 
the enlire gestation. However daily doses of 360 jUDOJ Ca-DTP A/kg in mice, about 10 limes the daily human dose, produced no 
harmful effects. 

Studies of 2 pregnant beagles given daily injections of Ca-DTP A al 30 jUDol/kg, a daily dose comparable to 1 g in a 70 ~ man, sianing 
at 15 days of ges1a1ion until the end of pregnancy, have shown severe effects (especially brain damage in the fetuses). 

On !he basis of these results and the lesser daily iniake of zinc by humans compared to rats and mice, it has been postulated that some 
toxic effects on the human fetus might occur al the recommended daily dose levels of about 30 jUDOl Ca-DTPA/kg. In the same 
experiments Zn-DTP A did no! give similar toxicity. Zn-DTP A is preferred and should be used if available to 1rea1 a pregnant female 
with internal transuranic contamination, although ii is doubtful thal a single or even several well-spaced doses of Ca-DTP A would be 
harmful lo !he pregnant female or fetus, especially if prophylactic zinc is given. 

ADVERSE REACTIONS 

No serious toxicity in man has been reponed as a result of over 600 Ca-DTPA administrations in recommended doses. When given 
repeatedly, with shon intervals for recovery, Ca-DTP A 1rea1men1 in man may cause nausea, vomiting, diarrhea, chills, fever, pruri1us, 
and muscle cramps in the first 24 hours. Anosmia (loss of !he sense of smell) was observed in one individual after 123 g of Ca-DTPA 
over twenty-seven months of therapy and possibly could have been related 10 zinc depletion. After 100 c:ays of no funner DTPA 
administration, !he palien1's sense of smell began 10 return. 

2 
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OVERDOSAGE 

Studies in animals indicate that the toxicity of Ca-DTPA depends on the total dose and the dose schedule. When administered to 
animals in high doses(>= 2000 µmollkg - clinical dose range is 10-30 µmol/kg), it can produce severe lesions of the kidneys, intestinal 
mucosa, and liver. and can even be lethal. Increased toxicity from fractionated dose schedules has been demonstrated in dog 
experiments in which injections at human dose levels, 5.8 µmol/kg of Ca-DTPA given every 5 hours were fatal as early as four days 
after the onset of treatment. The most significant injury occurs in the intestinal epithelium. In rats, continuous infusion of similar total 
doses per day caused death in 8-14 days, but the same dose given as a single daily injection failed to elicit this response. Toxicity in 
these cases apparently resulted from depletion of the Zn and Mn ions needed in the enzymatic steps leading to DNA synthesis that 
renews the epithelial cells in the intestinal epithelium. No untoward effects in rats were noted with doses of 100 µmol Ca-DTPA given 
twice weekly and apparently there was no influence on Zn or Mn concentrations over a 44-week period. 

In one patient, long-term, low-dose Ca-DTP A administration, 1 g per week, showed no adverse effects after one month of such 
administration.6 Urinary zinc excretion studies suggest that the zinc supply is quickly replenished under this treatment regimen and 
that any partial depletion of the zinc stores, if it occurs at all, would be transient. 

DOSAGE AND ADMINISTRATION 

Each dose of Ca-DTPA should be 1 g (4.0 ml). Doses should not be fractionated. The route of administration may be either 
intravenous injection of the undiluted solution over a period of 3-4 minutes, iutrnveuous infusion (250 :;il DSW or normal saline), or 
inhalation in a nebulizer (1:1 dilution with water or saline). Intravenous administration should not be protracted over more than 2 
hours. 

Clinical experience has shown that aerosol inhalation of Ca-DTPA is more effective than intramuscular injection, apparently because 
diffusion to the body from the lung is slower than from muscle, and results in a longer lasting plasma level. The same relationship exists 
when comparing the effectiveness of aerosol inhalation of Ca-DTP A to intravenous injection. 

Ca-DTP A may be administered undiluted by intramuscular injection when intravenous administration is not practical, although significant 
pain at the injection site has resulted when this route is used. Addition of 1-2% procaine to the undiluted Ca-DTPA prior to 
intramuscular injection has proven to be helpful. 

The chelating efficacy is greatest immediately or within one hour of exposure, when the radionuclide is circulating in or available to 
the tissue fluids and plasma. However, a post-exposure interval > 1 hour Q2e !!2! preclude the administration and effective action 
of Ca-DTPA 

Combwd Ca-DTPA/Z,n-DTPA Therapy Guidelina 

It must be noted that this is a general guide for DTPA therapy and that treatment must be specifically tailored for individual patients. 
Ca-DTPA and Zn-DTPA generally can be thought of as two components of transuranic decorporation therapy. If there is any 
contraindication to the use of Ca-DTPA. the same dose of Zn-DTPA may be substituted. 

A On .wurance that a credible incident has occurred and the exposed person(s) at risk had in all likelihood received internal 
transuranic contamination: 

I. Obtain signature on informed consent form for DTPA therapy (which should cover both Ca and Zn forms). 

2. Obtain base-line blood and urine samples (CBC with differential, BUN, s.:rum creatinine, urinalysis and urine radioassay). 

3. Administer 1 g (4.0 ml of 0.5 M) Ca-DTPA by the most appropriate route for the particular case. 

4. Begin collection of ALL urine and fecal samples for bioassay. Whole body and chest counting should be performed. Blood 
assays are done if the initial urinalysis was positive for transuranic contamination. 

5. If long-term use of Ca-DTPA is contemplated, one should consider the use of supplimental zinc therapy (one 220-mg zinc sulfate 
tablet daily delivers 50 mg zinc). 

6. Repeat doses of 1 g Zn-DTPA daily for up to 5 days if the radioassay data or history indicate the need for additional chelation. 
Keep in mind that t.he majority of patients in the past have received only one dose of DTP A 

7. Although no significant side effects of DTPA at the recommended dosage level are known and there are no known 
contraindications to its use. urinalysis and complete blood counts should be done on the day following each treatment with DTPA. and 
the patient's pulse and blood pressure also should be monitored to determine any effect of the drug. Bioas.say results and any side 
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effects should be noted and recorded on the standard treatment form and reponed to ORAU for the annual DTPA usage survey. 

8. Additional tests may be ordered at the discretion of the investigator. 

B. Before, during and after chelation therapy, peninent measurements for radioactivity should be made to determine the efficacy of 
treatment. By the fifth day, evaluate bioassay data for body-burden estimation and decide whether funher chelation is necessary. IF 
SO, a Zn-DTPA treatment regimen should be implemented. 

I. Begin therapy regime by administration of Zn-DTPA on a two-<lo.\C per week basis, I g Zn-DTPA d=, until such time as 
excretion rate of transuranic is not increased by Zn-DTPA administration. 

2 Wait four to six months, re-establish base-line urinary excretion-rate value and give a I g :ln-DTP A do.\C by an appropriate route. 
Obtain bioassay of urinary excretion to determine whether the :ln-DTPA increased excretion of the contaminant. IF SO, 

3. Begin a second course of :ln-DTP A treatment on a two do.\C per week basis as in (1) above. 

C. If bioassay data indicates that contamination was not in excess of minimally detectable amounts, then funher therapy is not 
recommended. 

D. When patient is released from funher therapy, he should be followed at the routine intervals established by occupational practice. 
A urinalysis is recommended at these examinations. 

E. It is recommended that at the time of an employment termination, the physician should asccnain at the physical examination the 
penon's plans so he can forward the history to an M.D. of the patient's choice. In addition, the M.D. should offer the penon the 
opponunity to be followed medically by the DOE follow-up system. This should be done in order to ensure continuity of patient care 
and assist if the person again should again become contaminated and require therapy at another plant. site. 

Patients who have received extensive chronic incorporation of transuranics require unusual therapy and will be treated largely according 
to the discretion of the investigator. In the past, treatment has not acceded three 1 g dosea during any 24-hour period. Doses should 
be administered by the route considered most appropriate for the panicular case. 

HOW SUPPLIED 

Each ampule provided contains I g Ca-DTPA. 0.5 M in 4.0 ml (25%) water. The solution should be clear, colorless, and free of 
crystalline or other material. The ampules should be stored in a cool place and away from sunlight. 

As a pan of the management of the IND for Ca-DTP A. chemists at Oak Ridge Assodated Universities carry out annual analytical tests 
on randomly selected ampules of the drug. There is no indication that deterioration, pyrogenicity, or loss of sterility occur when the 
ampules are stored at room temperature. However, if any problem of this nature should be observed, all co-investigators would. of 
course, be notified immediately. Likewise, any signs of deterioration (discoloration or cloudiness) of the solution or reaction on the 
pan of the patient should be reponed at once to one of the persons listed below . 

The Food and Drug Administration (FDA) requires that the Sponsor and Manager(s) of the IND be in a position to account for all 
ampules sent to investigator-physicians. Please. therefore, set up an accounting system on the supplies of Ca-DTP A and be prepared 
to repon your experience annually, including observations on the safety and efficacy of the Ca-DTP A used according to the protocols 
you submilled with your original request for Ca-DTPA. The Manager(s) of the Ca-DTPA IND will contact you in June each year to 
obtain your repon which will be incorporated into ORAU's summary repon to the FDA for the 12-month period. 

Questions regarding the use of Ca-DTP A may be referred to one of the following personnel at the Medical Sciences Division of Oak 
Ridge Associated Universities, P.O. Bax 117, Oak Ridge, 1N 37831-0117: 

Fun Fong, M.D., F.A.C.E.P. 
IND Co-manager 
fi'S: 626-5264 
Commercial: (615) 576-5264 

Roben C. Ricks, Ph.D. 
IND Co-manager 
fi'S: 626-3130 
Commercial: (615) 576-3130 

Shirley A. Fry, M.B., B.Ch., M.P.H. 
rrs: 626-3480 
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Commercial: (615) 576-3480 

W. W. Burr, M.D., Ph.D. 
FTS: 626-4351 
Commercial (615) 576-4351 

Dale E. Minner, M.D., F.AC.0.M. 
FTS: 626-2124 
Commercial: (615) 576-2124 

or 

A Seaton. Garrett, M.D., FAC.O.M. 
Oak Ridge National Laboratory 
Oak Ridge, TN 37831 
FTS: 624-7431 
Commercial: (615) 574-7431 
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1980. 

5 lAEA publication #47, Manual on Early Medical Trearmmr of Possible Radiation Injury, ~ pp. 15-31, 1978. 

6 "1976 Hanford Americium Exposure Incident", Heallh Physics, October 1983, V.45, No.4, special issue, Pergammon Press. 

7 Taylor G.N., Mays C. W., Fetal injury induced by Ca-DTPA in dogs. Heallh Physics, 35:858-860. 

5 



.. 
I"" 

•• 

. ' 

\ , 

. '. .. 

. ' 

. ' 

'"' 
.. 

llt•alth Phrun Vol. 61. No. 2 (August). pp. 181-190. 199! 
PnnteO 1n the U.S.A. 

• Paper 

EXHIBIT 9 

0017-9078191 SJ 00 + .00 
'~;, t 9.:) l Health Physics Soc1etv 

Pergamon Press pie 

A 42-y MEDICAL FOLLO\V-UP OF MANHATTAN PROJECT 
PLUTONIUM WORKERS 

George L. Voelz and J. N. P. Lawrence 
Los Alamos National Laboratory. Mail Stop K404. Los Alamos. NM 87545 

Abstract-Twenty-six white male subjects, who worked with plutonium ( 139Pu) during World War II at Los Alamos, 
have been given medical examinations periodically over a period of 42 y to identify potential health effects. Inhalation 
was the primary mode of Pu exposures. The latest examinations, including urine bioassay and in-vi•o measurements 
for radioactivity, were performed in late 1986 and 1987. The average age of the 22 living subjects in 1986 was 66 
y. The diseases and physical changes noted in these persons are characteristic of a male population in their 60s. 
Estimates of individual Pu depositions, including lung burdens, as of 1987 or at time of death range from 52 to 
3180 8q (1.4 to 86 nCi) with a median value of 500 Bq ( 13.5 nCi). Four persons from the original group had died 
as of 1987. The causes of death were lung cancer, myocardial infarction, accidental injury, and respiratory failure 
due to pneumonia I congestive heart failure. Expected deaths based on U.S. death rates of white males. adjusted 
for age and calendar year. are 9.2 based on U.S. rates (standardized mortality ratio= 0.41 ). Subsequent to 1987, 
three additional deaths occurred from atherosclerotic heart disease, lung cancer, and osteogenic sarcoma. The bone 
sarcoma case is discussed in terms of Pu exposure, the natural incidence of this disease, anatomical location of the 
tumor, and bone tumors observed in Pu-exposed dogs. Plutonium deposition in this man is estimated to have been 
below current radiation protection guidelines. 

INTRODUCTION 

·HIS REPORT is the fourth in a series of studies that doc
ments the health experience of 26 persons exposed to 
'
9 Pu (designated as Pu hereafter) in 1944 and 1945 
Hempelmann et al. 1973; Voelz et al. 1979. 1985). They 
·orked on the Manhattan Project during World War II 
: Los Alamos, NM. This Project. which designed and 
uilt the first atomic bomb. involved chemical and met
lurgical research of Pu as well as fabrication of Pu parts. 

In 1951-1952, Drs. Louis Hempelmann and Wright 
angham began these studies of Los Alamos workers who 
ere judged to have the highest internal depositions of 
J as a result of their work in 1944 and 1945 (Hempel
ann et al. J 973 ). This early reference describes the status 
· 25 living subjects at the time, but not Subject 15. who 
is deceased and added back into the group in later pub
:ations. Their selection of 26 subjects was based on the 
story of individual job assignments, work conditions, 
d the results of Pu measurements in urine samples taken 
iring that period. 

The purpose of this study is to maintain long-term 
rveillance of this unique group of workers in order to 
imate the Pu deposition throughout their lifetime and 
maintain detailed medical records. This information 

(Manuscript received 24 December 1990: revised manuscript received 
February 1991, accepted 20 March 1991) 

'~' 

can then be used to compare with existing Pu dosimetry 
models. radiobiological information. and human epide
miologic studies of Pu workers. 

The Pu work in 1944-1945 was partly done in 
chemical fume hoods. but some operations were per
formed in open rooms. Balances, centrifuges. and other 
equipment were used with Pu in open rooms; serious Pu 
contamination of the work rooms resulted from the un
contained nature of these operations. Personal protective 
clothing and equipment included rubber gloves. coveralls, 
and half-face respirators. The previous publications of this 
study series ( Hempelmann et al. 1973; Voelz et al. 1979, 
i 985) described the exposure conditions and individual 
exposures in more detail. 

Inhalation of Pu particles was the principal mode of 
exposure to this group of workers. Nose swipes taken on 
these men at work were often found to contain from 
hundreds to thousands of a counts per minute (Hem
pelmann et al. 197 3). Intake through contaminated 
wounds was less important; nevertheless, eight of these 
persons have a history of potentially contaminated 
wounds and three had contaminated chemical burns 
(Voelz et al. 1985). In retrospect, only two injury events 
appear likely to have contributed significantly in Pu up
take: About 70 Bq ( 2 nCi) of Pu was measured in 1945 
in excised tissue from a wound in the left thumb of Subject 
20 and about 280 Bq Pu (7.5 nCi) is still measurable in 
a former wound site of the right index fingertip of Sub
ject I. 
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Table I. Medical examination procedures. 

Interval medical history 
Physical examination 
Visual acuity test 
Audiometry 
Roentgenograms 

Chest (PA and lateral) 
Pelvis (AP) 
Right femur and knee 
Dental (r. upper 1st. molar) 

Electrocardiogram r resung) 
Pulmonary spirometry 
Sputum cytology 
Complete blood count 
Urinalysis (clinical) 

Blood chemistry tests• 

Lymphocvte subset analysis 

• Blood chemistry tests include calcium. inorganic phosphorus. glu
cose. urea nitrogen. uric acid. cholesterol. high density cholesterol. tri
glycendes. total protein. albumin. globulin. total bilirubin. direct bilirubin. 
alkaline phosp.hatase. LOH. SGOT. SGPT. gamma GTP. creatinine. 
sodium. potassium chlorides. and carbon dioxide. 

These Pu-exposed workers have had medical ex
aminations about every 5 y since 1952. This report doc
uments and discusses the results of the latest examinations 
done in 1986-1987. In addition. information is provided 
on three individuals who have died since 1987. 

METHODS 

All 22 living subjects were brought back to Los Ala
mos for this study during the period from September 1986 
to October 1987. Examinations were conducted to deter
mine health status and to update our estimates of their 
Pu internal depositions. 

The medical examinations and clinical tests used in 
this study are those employed routinely by the Occupa
tional Medicine Group at the Los Alamos National Lab
oratory. Special samples were also collected for sputum 
cytology and peripheral lymphocyte subset analyses. The 
methodology used for the lymphocyte subset study has 
been previously described (Stewart et al. 1988 ). Table I 
lists the medical examination procedures performed in 
this study. 
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Our estimated Pu deposition in each individual relies 
on measurements of Pu excreted in urine. All urine was 
collected during the entire time the individual was in Los 
Alamos for his examination. The collection time varied 
from about 24 to 48 h. The samples were analyzed for 
Pu using the standard radiochemical method used at Los 
Alamos (Gautier 1987). 

The estimation of residual Pu deposition in the whole 
body was calculated from the urine excretion data using 
the PUQFUA3 program developed by Lawrence ( 1987). 
PUQFU A3 is an acronym that stands for PL' Body Burden 
(Q) From Urine Assay, Third Version. The whole-body 
depositi:-in is estimated for each year using all available 
urine da;.a for the individual. Partitioning of the whole
body deposition to organs is based on autopsy distribu
tions found in Los Alamos workers. Annual effective 
whole-body and organ dose equivalents were calculated 
using the models described in ICRP Publication 30. Limits 
for Intakes of Radionuclides by Workers ( 1979). The an
nual dose equivalents can then be summed to give the 
cumulative total dose equivalent through any given year. 

Each person was extensively monitored for internal 
contamination of selected radionuclides. A total of seven 
direct in-vivo measurements was made on each subject. 
Several of these measurements were made simultaneously, 
which shortens the time required for the entire procedure 
to less than 2 h. Table 2 is a summary of in-l'il"IJ mea
surement techniques used to measure internal contami
nation. including the organs of interest measured. some 
details of the measurement techniques. detectors used. 
and minimum detectable activity. Hand counts. although 
listed in Table 2. were not made on persons who previ
ously have had negative hand counts. 

Monality rates of the Marihattan District Pu workers 
were evaluated in two ways. : 'rst. standardized mortality 
ratios were calculated to compare the number o' 1 eaths 
observed in this group with the number expect~ :Jased 
on U.S. white male rates adjusted for age and ~.;tendar 

Table 2. In-vivo measurements for internal contamination (Vasilik and Aiken 1983; Vasilik et al. 
1984). 

Energy range for major Minimum detectable Type of 
Organ of interest radionuclides (keVl activity (Bq) detector 

A. 33-min count 
l. Chest 10-140 2035 (239Pu) Dual 12.7 cm 

Phoswich 
2. Liver 10-200 37 (mu. 241 Am) HpGe• 
3. Whole body 80-1600 7 4-1 I 1 (fission products) Ge< Li lb 

B. 20-min count 
4. Hand count 10-140 37 (239Pu) Dual 12.7 cm 

10-140 7 (2" Am) Phosw1ch 
c. 17-min count 

5. Liver 10-140 NA( 239Pu. 2"Am) Single l2.7 cm 
Phoswich 

6. Thyroid 10-200 NA HpGe' 
7. Skull 10-140 NA (2'1Am) Dual 12.7 cm 

Phoswich 
8. Left ankle 10-200 NA HpGe' 

• HpGe = Hyperpure germanium crystal. 
b Large volume ( 16.5% efficient) lithium-drifted germanium detector . 
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Table 3. Estimated Pu deposition. 

Estimated Pu deposiuon 
Total 

Bq (nCi) nCi GBq-s (nCi-yJ 
l.D 1987 1982. 1987 

7 3180 (86) 62 2710 (2320) 
J 2550 (69) 95 5480 (4690) 
4 2150 (58) 63 3810(3260) 
9 2000 (54) 40 3540 (3030) 
8 1780 (48) 34 128011100) 
5 1630 (44) 55 3670 (3140) 
I 1590 (43) 51 246012110) 
6 1590 (43) 42 2250 ( 1930) 

17 1260 (34) 34 2250 ( 1930) 
18 1110 (30) 33 1910 (1640) 
16b 670 (18) 7 383 (328) 
12 560 ( 15) 18 1020 (876) 
!Ob 520 ( 14) 14 975 (835) 
20 480 (13) 39 859 (736) 
l I 480 ( 13) II 882 1755) 
!9 410 (11) 10 648 (555) 
!Sb 370 ( 10) JO 218 ( 187) 
24 370 ( 10) II 499 (427) 
21 370 ( 10) 8 514 (440) 
23 310 (8.3) 8 556 (476) ,, 290 (7.9) 8 230 ( 197) 
.,·-,ri 270 (7.4) 7 371 (318) - t 

2 270 (7.2) 8 379 (325) 
25 180 (4.8) 3 182 ( 156) 
26 11013.0) 4 148 (127) 
13 52(1.4) 2 65 (56) 
ed1an 500 (13.5) 12.5 870 (745) 

'Values in nCi as published in Voelz et al. ( 1985). 
b Deceased. Plutonium deposition and total nCi-years estimated 

·ough year of death. 

ir using the Monson program (Monson 1974). The 
l of study date for this analysis was the end of 1986. 
~ second method of evaluation was an internal com
ison between the mortality in the Pu worker group 
that of unexposed contemporary Los Alamos workers. 

· selection criteria for the comparison group were: 1 ) 
Alamos male workers hired in 1943-1945; 2) born 

iin the same range of birth years ( 1908-1925) as the 
workers: and 3) without history or evidence of Pu 
>sure. A total of 876 workers met the criteria, and all 
· used in the analyses. Vital status for these workers 
known through 1983. This internal comparison study 
:nade by computing a stratified maximum likelihood 
iate of the rate ratio and 95% approximate confidence 
s using the method of Rothman and Boice ( 1979). 

RESULTS OF DOSIMETRY AND 
RADIOACTIVITY MEASUREMENTS 

'-ey to our understanding of the internal a radiation 
in these persons is the estimation of Pu deposition 
ccurred primarily in 1944-1945 and its subsequent 
ion in the body. This estimate for these individuals 
rincipally on measurements of Pu excretion in urine 
>e direct in-vivo measurements of 239Pu or 241 Am 

usually have not been above our minimum detection 
limits. 

The estimated Pu depositions in these men at the 
end of 1987 or through the date of their death cover an 
interesting spectrum of values from 52 to 3180 Bq ( 1.4 
to 86 nCi). In terms of the former lifetime occupational 
protection guideline of 1480 Bq ( 40 nCi), the range is 
from less than 5% to over 200% of the guideline. The 
results of the calculation of internal deposition of Pu as 
of the end of 1987 are listed in Table 3. These values 
consider all urine samples collected since 1944. Some 
urine sample results are determined, however, to be out
liers by a confirmation process built into the PUQFUA3 
program. The Table also lists the published 1982 estimates 
for comparison (Voelz et al. 1985). 

Comparison of the 1982 and 1987 estimates shows 
the majority have had little change. The 1987 median 
estimate of 500 Bq ( 13.5 nCi) is nearly the same as the 
1982 median. Subjects 7, 3, 9, 8, 16, and 20 show signif
icant changes between the 1982 and 1987 estimates of Pu 
deposition. These differences are attributable primarily to 
the Pu measurements in their latest ( 1986-1987) urine 
samples. The 1982 estimate of 259 Bq ( 7 nCi) deposition 
for Subject 16 was wrong because an erroneous urine value 
was used. The 1987 estimate of 6 70 Bq ( 18 nCi) is the 
corrected value. For Subject 20, the Pu excretion in the 
1986 sample was much lower ( 3. 7 Bq per 24 h sample) 
than the 1981 sample ( 26 Bq per 24 h sample). The 1986 
sample was confirmed by later samples. As a result, the 
1981 sample is considered to be invalid by the PUQFUA3 
confirmation criteria and is not used in calculating the 
1987 estimate. Nonconfirmation of the 1981 sample re
sulted in the lower 1987 estimate. 

In addition to estimating the residua.I internal Pu 
deposition at a specific point in time, it is panicularly 
useful to integrate the activity deposited in the body over 
time since exposure. For this purpose we have used the 
unit gigabecquerel-s. This unit is the summation of Pu a 
disintegrations in the total body since the initial exposure. 
In Table 3 are listed the gigabecquerel-s ( nCi-y) estimated 
for each person through 1987 or the year of death. Com
parison of the cumulative a disintegrations estimate and 
the latest 1987 Pu deposition for each individual shows 
some significant differences in their order and correlation. 
These differences are probably due to the particle sizes 

Table 4. Examples of calculated organ dose equivalents through 
1987 For six Manhattan District Pu workers. 

Dose in sievens 

Bone 
ID No. G8q-s surface Liver Lung 

3 5480 57 12 38 
4 3810 40 8.1 26 

18 1910 20 4.1 13 
20 859 9 1.8 5.9 
24 499 5.2 I.I 3.4 
13 65 0.68 0.14 0.45 
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and chemical forms of the individual exposures as well 
as an effect of the time intervals between urine samples 
that influence the PUQFUA calculations. 

The gigabecquerel-s estimate for each individual is 
the basis on which organ dose equivalents are calculated 
using the methods described in ICRP Publication 30 
( 1979). Bone surface, liver. and lung doses for selected 
individuals are listed in Table 4. These calculated doses 
are provided as examples of organ dose equivalents that 
may have occurred to these individuals. Such calculations 
must be recognized as crude estimates with wide margins 
of error. This is true not onlv because of errors in esti
mating the Pu deposition. but also the inestimable differ
ences in internal distribution between organs from one 
exposed individual to another. This has been shown re
peatedly in the autopsy tissue studies. For example, Kath
ren et al. ( 1988) reviewed 43 autopsies for 239Pu deposition 
and showed that the bone content on average was 53 
± 18% of the total in bone plus liver. The range of actual 
values was from 23 to 97%! Thus. the potential variation 
in organ distribution from individual to individual is huge. 
Lung depositions may have even greater variations than 
in other organs depending on mode of exposure and the 
physical and chemical characteristics of inhaled particles. 
We have not found a means to take such individual dis
tributional differences into account in making dose esti
mates. Thus, a standard calculational model. similar to 
that described in ICRP Publication 30 but using the av
erage organ partitioning observed from autopsy data from 
former Los Alamos workers. is used to obtain "standard" 
values such as shown in Table 4. 

Direct in-vivo measurements of whole-body and re
gional body radioactivity generally did not show activity 
above background, similar to results in previous exami
nations of this group. This is not particularly surprising 
because the 1944-1945 exposures were to highly purified 
"

39Pu with little Am or other radionuclides. With currently 
available methods. the minimum detectable activity of 
Pu by direct counting is high (see Table 2). Thus. this 
result is not viewed to be in conflict with the estimates 
derived by urine bioassay results. 

A count of the right hand nf Subject I showed 280 
Bq Pu ( 7 .5 ± 1.4 nCi). This ac·, vity is in the tip of his 
right index finger, the site of a Pu-contaminated wound 
in July 1944. This result is consistent with earlier mea
surements reported. There are no physical changes noted 
at the site of activity. 

RESULTS OF MEDICAL STUDIES 

All 22 living persons in this study were given com
Jrehensive medical examinations at Los Alamos during 
he period from September 1986 through October 1987. 
-he ages of these individuals as of the end of 1986 ranged 
roO" r, 1-78 y. The median age was 64 y. 

1e principal medical findings and health status of 
1es. individuals are listed in Table 5. The medical di
~noses are not unusual or unexpected for males above 
J y of age: degenerative joint disease (nine individuals); 
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elevated blood pressure (eight): benign prostatic hyper
trophy or chronic prostatitis (six); arteriosclerotic vascular 
disease in extremities (five); overweight (three}: history 
of skin cancers (including one melanoma} (three}: 
chronic obstructive lung disease in several smokers 
(three); and coronary artery disease or abnormal electro
cardiogram (three). Other diagnoses include Paget's Dis
ease of bone. cataracts, diabetes mellitus. and blindness 
from glaucoma. each of which was found only in one 
individual. Cancer was not known, diagnosed. or sus
pected in any person at the time of examination. except 
for the past history of skin cancer in three individuals. 

Occupational histories on these men do not show 
significant change since the last two reports (Voelz et al. 
1979, 1985). These men are either retired or in current 
jobs with little or no hazard potential. 

Current smoking histories on these men are listed in 
Table 5. The lifetime cigarette smoking experience is ex
pressed in terms of pack-years. A pack-year results from 
smoking one pack per day for a period of l y. Only two 
individuals (Subject 4 and l l ) were active cigarette 
smokers at the time of their last examination. Twelve per
sons are former cigarette smokers: eight individuals have 
never smoked. 

Sputum samples satisfactory for cell studies were ob
tained from 18 of the subjects. No malignant cells were 
identified in the samples. Inadequate volume of sputum 
and/or lack of cells were responsible for unsatisfactory 
tests for Subjects 18, 19, 24. and 25. 

Chest x rays showed minor changes in five individ
uals. which were interpreted as chronic pulmonary fibrosis 
and emphysema changes. The small density nodule noted 
in Subject 3 in 1981 was not present this time. Subject 9 
was found to have :t nodular density and pleural plaque 
in his left lung, which may be residual scarrinr: from 
pneumonia in 1985. 

The bone x rays and dental x ray of the right upper 
first molar did not uncover new pathology. The bone 
changes associated with Paget's Disease in Subject 9 has 
not changed significantly in 5 y. Subjects 5, 11. and 13 
have each had previously identified sclerotic "bone is
lands" visualized by x ray. These artifacts have not 
changed appreciably and are not considered to be signif
icant findings. 

The results of the special lymphocyte~ study have been 
published (Voelz et al. 1989). The ratios ofT-helper (TH) 
lymphocytes to T-suppressor (Ts) cells were elevated for 
5 of 11 persons with Pu depositions above 500 Bq ( 13.5 
nCi) compared with ratios in the control persons. These 
differences appeared to be due to a decrease in ..,.. 5 lym
phocytes as a result of altered radiosensitivity, which was 
demonstrated in cultured cells subjected to in-vitro x-ray 
radiation. The significance of these findings is unknown 
Additional studies are needed. 

MORTALl1Y 

Four persons in this group of26 Pu workers had died 
by the end of 1986. Of these four deaths, two occurred 



Pu Age 
ID No. (Bq) ( 1986) 

1590 68 

2 270 65 

3 2550 64 

4 2150 66 

5 1630 68 

6 1590 66 

7 3180 78 

8 1780 63 

~ 
!""' 9 2000 71 

lw 
480 64 

~ 
560 75 

c 52 69 

~ 1260 64 

1110 62 

c 410 62 

c 480 63 

370 61 

c 290 62 

310 61 
370 62 

"' t.. 180 68 

c 110 63 

t 

~ 
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Table 5. Summary of major medical findings, 1986-!987 examinations. 

Smoking history 
(1982-1986) 

9 pack-years. Quit cigarettes 
in 19 84: 6-8 cigars per 
day. 

25 pack-years. Quit cigarettes 
in 1972: smokes 7-8 
cigars per day. 

91 pack-years. Quit cigarettes 
in 1986. 

50 pack-years. One-half pack 
per day and pipe smoker. 

Never 

38 pack-years. Quit cigarettes 
in 1971: quit cigars in 
1977. 

Never 

Never 

27 pack-years. Quit cigarettes 
in 1982. 

74 pack-years. 1.5-2 packs 
per day since age 13. 

Never 

6 pack-years. Quit cigarettes 
in 1972. 

36 pack-vears. Qua cigarettes 
in 1976. 

Pipe smoker for 30 y, 
stopped in 1985. 

Never 

Never 

26 pack-years. Quit cigarettes 
in 1972. Pipe and cigars 
for 19 y: quit in 1982. 

30 pack-years. Quit cigarettes 
in 1956. Smoked pipe for 
26 y; quit m 1980. 

Never 
Never 

43 pack-years. Quit cigarettes 
in 1980. Smoked pipe for 
5 y; quit in 1969. 

30 pack-years. Quit cigarettes 
in 1967. Smoked pipe for 
31 y; quit in 1974. 

Medical events and tests since 
1981 

Old fibrouc changes and punetate 
calcifications in chest x ray. 

Gall bladder resection, 1984. 

Cholesterol = 262 (N = 120-
250). 

BUN = 35 IN = 8-24); 
creatmme = 2.1 (N = O.S-1.5 ); 
unc acid= 9.7 (N = 3.9-9). 

Cataract surgery, 1984. 

Cholesterol= 258 (N = 120-
250). 

Cataract surgery, 1985: 
potassium = 5.5 (N = 3.4-
5.2): SGOT = 43 (N = 8-36). 

Potassium = 3.0 (N = 3.4-5.2): 
unc acid = 10 (N = 3.9-9.0J: 
cholesterol= 253 (N = 120-
250): tnglycerides = 196 (N 
= 30-170). 

Pneumoma and urinarv tract 
infecuon. 1985: alk., 
phosphatase. 320 mg dL-' (N 
= 30-125). 

Degenerative joint disease in 
cervical spine. 

Skin cancers removed from 
forehead: degenerative JOint 
disease in hips. 

Malaria. 1985: cholesterol= 272 
(N = 120-250): x-rav "bone 
island" densuv in ile.um 
increased slightly since 1982. 

None 

Coronary angioplasty. 1985: 
ECG- I 0 AV block and left 
ventncular stram. 

Abnonnal electrocardiogram. 
right bundle branch block. 

None 

Cholesterol = 269 (N = 120-
250): tnglycendes = 210 (N 
= 30-170). 

Hypothyroidism under treatment 
smce 1985. 

None 
None 

X ray showed arterial 
calcification in legs. 

Cholesterol = 307 (N = 120-
250). 

Medical diagnoses 

Recurrent bursitis left shoulder. Slight 
osteoarthritis m hips and spine. 

Mild obstructive lung disease. Hamartoma 
resection. right lung, 1971. 

Mild chronic obstructive lung disease. chronic 
bronchitis. borderline hypertension. 

Mild hypertension bemg treated. 
Osteoarthritis of spine and hips. Historv of 
benign colon polyps. Retinal hemorrhage, 
1980. 

Hypertension being treated. Slight benign 
prostatic hypertrophy. 

Rectal polyps removed. 1979. 

Prostatectomy, 1979: benign prostatic 
hypertrophy. 

Hypertension being treated: overweight. 

Asymptomatic Paget's Disease in pelvic 
bones: hypertension: overweight: auto 
accident ( 1979), head and neck injunes. 

Diabetes mellitus since 1975. Chronic 
bronchitis: chronic obstructive pulmonary 
disease. 

Hemorrhoids. Varicose veins in legs. Previous 
skin cancers on left hand. right cheek. 
History of hiatal hernia and duodenal 
ulcer. 

Malignant melanoma on skin of antenor 
chest. excised 1971. Benign prostatic 
hypertrophy. 

Acute gout. 1966. 

Hypertension, under treatment. 

Normal 

Blind from glaucoma. bilateral ( 1968): benign 
prostatic hypertrophy. 

Bemgn prostatic hypenrophy: moderately 
overweight. 

Hearing loss at high frequencies. 

Normal 
Chronic prostatitis: kidney stones 1965, 1983, 

1985: mild hypertension. 
Myocardial infarctions. 1979, 1980: coronary 

bypass surgery, 1980: skin cancers (two)
resccted from face. 

Hypertension under treatment: 
atherosclerotic artery disease. iliac and 
femoral arteries: degenerative joint disease. 
hips and knee. 
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SUMMARY OF SUPPLEMENTAL AFFIDAVIT OF 
MARION DEMING, R.N. 

Marion Deming, a Registered Nurse who recently conducted a 

survey of hospitals along the WIPP route concerning their 

emergency preparedness, offers her response to those portions of 

the affidavit of Robert c. Ricks which address the survey. (~ 

2) • 

To assess the preparedness of the hospitals to respond to 

WIPP-related emergencies, Ms. Deming primarily surveyed those 

health care workers who would be providing direct assistance to 

contaminated patients. (~ 10) . Through use of a detailed 

questionnaire, Ms. Deming was able to obtain a wide variety of 

information, including: (1) general information about each 

hospital surveyed, such as the numbers of emergency room staff 

persons and beds, (2) the amount and level of special training 

received by health care workers, (3) the availability of 

facilities and supplies necessary to adequately handle a WIPP-

related emergency, (4) the availability of pharmaceuticals, 

especially DTPA, (5) whether baseline health studies have been 

done for all employees and whether they have been personally fit-

tested for protective equipment. (~~ 4-8). Ms. Deming concludes 

that the absence of DTPA, the lack of alpha emitter detectors, 

the lack of rigorous and detailed hands-on training, and the 

unavailability of decontamination plans and facilities show that 

the hospitals fail to realize the serious hazards associated with 

the transportation of wastes to the WIPP site. (~ 13) • 
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AFFIDAVIT OF MARION DEMING 

I, Marion Deming, being duly sworn and deposed state as follows: 

1. I have read the Affidavit of Robert C. Ricks, M.S., Ph.D. Based on my 

personal knowledge and experience, I wish to comment on portions of his Affidavit. 

2. Dr. Ricks, at paragraph seven of his Affidavit, questions the validity of the 

survey which I conducted regarding emergency preparedness at hospitals along the WIPP 

route. Dr. Ricks indicates an interest in the survey questions I asked, to whom they 

survey questions were directed, and a description of the criteria by which the responses 

were evaluated. 

3. As to the questions asked, prior to conducting the WIPP survey, I 

developed a lengthy Questionnaire for Health Care Workers on WIPP Accident 

Preparedness. This Questionnaire is attached hereto as Exhibit A. 

4. The first part of the Questionnaire asks general questions about each 

hospital surveyed: the number of emergency room staff persons; the number of radiology 

staff persons; the number of emergency room beds; the number of operating rooms; the 

nature of the ambulance service for the area; and whether the fire department is volunteer 

or professional. The general questions also called for a diagram of the floor plan of the 

emergency room as well as a diagram of the emergency room entrances. I did make a 

physical tour of all facilities surveyed. 

5. The second part of the Questionnaire contains nine questions related to 

training. These questions include: whether the training has hands-on drills for 

proficiency; certification for proficiency; refresher courses and other drills; the numbers 

of emergency room staff personnel who have received on-site hands-on training; whether 

the hospital has a policy for addressing radioactive and chemical contamination victims; 

and the identity of and other information about the radiation safety officer at the hospital. 
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6. The next section of the Questionnaire includes fourteen questions on 

facilities and supplies. This portion of the Questionnaire asks about separate 

decontamination facilities for the emergency room; a separate entrance for contaminated 

patients; the availability of a separate collection system for contaminated water; the 

' availability of a separate air ventilation and circulation system to avoid contamination of 

the entire hospital; the availability of alpha detectors and beta/gamma detectors; training 

on the operation and calibration of these detectors; the availability of spe.cial instruments 

for collection of laboratory specimens from contaminated patients and lead-lined 

, equipment to transport those specimens to a laboratory; the availability of personal 
; i 

protective equipment, including respirators and clothing; training in the use, cleaning and 

maintenance of respirators; the availability of appropriate floor and wall coverings to 

isolate any radiation contamination; and the availability of showers and a decontamination 

area for the staff. 

7. The next section of the Questionnaire focuses on pharmaceuticals, and 

specifically about the availability of DTPA, including in aerosol form. 

8. Finally, the Questionnaire contains a section on employee health studies. 

These questions ask whether baseline health studies have been done for all employees; 

whether the employees have been personally fit-tested for respirators and other personal I, 

protective equipment; and the extent of health insurance coverage for radiation caused 

illness or other chemical exposure. 

9. I was able to complete Questionnaires for all of the New Mexico hospitals 

along the WIPP route, with the exception of Carlsbad and Hobbs. 

10. At each of the hospitals surveyed, I was most interested in obtaining 

responses from those health care employees who would be providing direct assistance to 

contaminated patients. For this reason, I primarily surveyed those nurses who were in 

RR0040NP.OOC 
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charge of the emergency rooms at the time that I was there. I believe that obtaining 

information from those employees responsible for direct patient care is the best gauge of 

the preparedness of the hospitals to respond to WIPP-related medical emergencies. If 

those health care employees are unaware of the required procedures and precautions in 

treating contaminated patients, all communities along the WIPP route are in danger. In 

my view, it is irrelevant if the top management of the hospitals have received some 

information about WIPP-related emergency preparedness, if the employees "in the 

trenches" do not have this vital information. 

11. The criteria I used in developing the survey and in reaching the 

conclusions I did are the following: 29 C.F.R. Section 1910.120 (OSHA Standards); 

Mettler, Kelsey, and Ricks, ed., Medical Management of Radiation Accidents, C.R.C. 

'i, Press, Inc., Boca Raton, Florida; and the 1990 training manual developed by the Oil, 
'I . ! 

Chemical and Atomic Workers (OCA W) for employees exposed to plutonium and other 

· ! forms of radiation at work. 

12. Based on the information that I have gained in the course of my survey of 

the hospitals, I believe the training has tended to minimize the hazards associated with 

exposure to plutonium, and other forms of radiation. For example, I know that the 

training conducted at the University of New Mexico Hospital has stated plutonium is only 

dangerous if eaten. It thus ignores the well accepted fact that if plutonium particles are 

inhaled, they are also extremely hazardous. 

13. The absence of DTPA at the hospitals; the lack of alpha emitter detectors 

at those hospitals; the lack of rigorous and detailed hands-on training; and the 

unavailability of decontamination plans and facilities at these hospitals reflect that those in 

control of WIPP emergency preparedness appear to be taking less than seriously the very 

real hazards associated with the transportation of wastes to the WIPP site. If plutonium 

RR0040NP.DOC 
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indeed poses no real health risks, one can only wonder about the expenditure of nearly $1 
:1 
t 

billion for the construction of WIPP, whose purpose is to dispose safely of radioactive 

waste. 

14. Contrary to Dr. Ricks's statements in his Affidavit that workers exposed to 

plutonium at DOE facilities have not experienced any increased cancer risk attributable to 

their exposure to plutonium, a number of scientific studies have reached essentially 

contrary conclusions. One study found that the death rate of Rocky Flats workers 

exposed to plutonium and other forms of radiation, as compared with that of Rocky Flats 

workers who remained unexposed, is 422 % higher. This study covered the years 1952 

through 1979. Wilkenson, G., et al., "Mortality Among Plutonium and Other Radiation 

Workers at a Plutonium Weapons Facility," American Journal of Epidemiology, 231-50 

(1987). 

15. Based on discussions that I have had with health care employees at the 

hospitals I surveyed, I found that they are extremely concerned about facing the very 

troubling dilemma of choosing between their own health and safety and their obligations 

to care for the sick and injured. If the transportation of wastes to WlPP takes place 

before appropriate emergency response procedures, training, and equipment are in place, 

' this dilemma will become reality for all health care workers at hospitals along the WIPP 

route. 

RR0040NP.DOC 
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11-08-91 11:28HM 

QUESTIONNAIRE FOR HEALTH CARE WORKERS 
WIPP ACCIDENT PREPAREDNESS 

Hospital ________________ ~~------------------~~--~~·~---
Addres s 

--~~~----~~----------------~----~--------~----~ 
Phone No. 

------------------~ 

Number of ER Staff Persons (nurses, techs, physicians, suppcrt 

personnel) 

Number of Radiology staff --------- Respiratory 

Lab ---------
#ER beds --------
#OR rooms --------
Primary ambulance service/EMTs for area -------
Fire Department volunteer/professional 

*****************************************************•****rr* 
Floorplan/Diagram of ER, ER entrances 

= Ii 

' I 
EXHIBIT 

A 
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TRAINING 

1. How many ER-staff persons have had on-site, hands-on 

training for radioactive and chemical contamination victims? 

2. How many persons in other departments have been trained? 

3. How long was the training? Lecture segment? Hands-on segment? 

4. Have you been post-tested or certified for proficiency? 

5. Do you have regularly scheduled refresher courses and drill~ 
How often? 

6. Were the drills evaluated? 

7. Do you have a provision for training new employees? 

8. Does your hospital have a policy for caring for radioactive 

and ch~mical contamination victims? Where is it kept? Do you 
know how to find it? 

9. Who is your radiation safety officer? Do you know how 
to reach this person 24 hrs. a day? 

COMMENTS: 
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FACILITIES/SUPPLIES 

l. Does your ER have a separate entrance for contaminatPd 

victims? 

2. Does your ER have a decontamination room and holding area? 

3. How many patients can be accommodated in the decontamination 

area? 

4. ls there a separate water collection system not draini~g 

into city water? 

5. Does your ER have a non-circulating air-flow system? 

6. Do you have an air sampler for chemical contamination analysis? 

7. Do you have both beta/gamma and alpha geiger counters? 

How many of each? 

8. Do you know how to operate and calibrate these geiger co~ncers? 

Are they checked regularly? 

9. Do you have special instruments for collection of ldb sp~cimens 

from contaminated patients and lead-lined "pigs" to tr.ans?o-.:-t: 

specimens co che lab? Where will you transporc them for qnalysis? 

10. Do you have pencil and ring dosimeters? How many? 

11. Do you have ample gloves, masks, gowns, waterprocf shoe 

coverings, respirators, waterproof aprons, bunny suits readiiy 

available? Are these supplies inventoried regularly? 

12. Have staff been trained 1n respirator use, cleaning, and 

maintenance? 
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13. Do you have an ample supply of non-skid waterproof. floor 

and wall covering? 

14. Do you have showers and a deconcaminacion area for staff? 

COMMENTS: 

PHARMACEUTICALS 

1. Do you have DTPA available in your hospital? How much? 

2. Do you have DTPA in aerosol form? 

3. Do you have Prussian Blue available in your hospital? 

COMMENTS: 
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EMPLOYEE HEALTH STUDIES 

1. Have baseline health studies been done for all employ~es? 

2. Have you been fit-tested for personal proteccive equip~ent 

and respirators? 

3. Have you been specially fitted for respirator? 

4. Will your health insurance cover illness caused by rad~at~cn 

or chemical exposure? Does your hospital provide insurance? 

COMME~TS: 



SUMMARY OF AFFIDAVIT OF 
LYNN W. GELHAR 

Dr. Gelhar is a Professor of Civil Engineering at 

Massachusetts Institute of Technology. He is a subsurface 

hydrologist. The discipline of subsurface hydrology involves the 

flow and transport of liquids and gases through bodies of rock 

and, thus, relates to the performance of a geologic repository, 

because a main path of escape of radioactivity is through ground 

water. He has sat on the DOE Review Panel for the Office of 

Health and Environmental Research, the Consultants Panel on Waste 

Management for the DOE Hanford Site, and the New Mexico 

Governor's Advisory Committee on the Waste Isolation Pilot Plant. 

(~~ 15-17, 20). 

Dr. Gelhar testifies that the bin-scale tests planned for 

the WIPP cannot be regarded as necessary to demonstrate 

compliance with regulations applicable to the disposal of 

radioactive waste, 40 C.F.R. Part 191 B, or hazardous waste, 40 

C.F.R. Part 268. (~ 2) • 

The bin tests are designed to develop data on gas generation 

rates and gas composition. The process of performance assessment 

of the WIPP involves computer modeling development and the 

examination of radioactivity release "scenarios.'' These studies 

have not progressed enough to show that the rate of gas: 

generation in waste is an unknown factor whose improved. 

determination will strongly influence the outcome of the WIPP 

performance assessment. Thus, there is no scientific 

demonstration of the need for the bin-scale tests. (~~ 26-38). 



AFFIDAVIT OF LYNN W. GELHAR 

Lynn W. Gelhar under penalty of perjury states as follows: 

1. I am a Professor of Civil Enginee~ring at the 

Massachusetts Institute of Technology. 

2. I make this affidavit to demonstrate that the bin

scale tests planned by the Department of Energy ("DOE") to be 

conducted underground at the Waste Isolation Pilot Plant 

("WIPP"), as currently configured, cannot be regarded as 

necessary to demonstrate compliance with the regulations 

applicable to the disposal of transuranic radioactive waste, 40 

C.F.R. Part 191 B, or hazardous waste, 40 C.F.R. Part 268. I 

also show herein that there is no necessity to conduct the 

tests, even if they were expected to provide critical data, 

underground at the WIPP. 

3. To address my qualifications: I received my B.S. 

degree in Civil Engineering in 1959, my M.S. degree in Civil 

Engineering in 1960, and my Ph.D. in Civil Engineering in 1964. 

All of these degrees were received from the University of 

Wisconsin. 

4. I worked for the Soil Conservation Se~rvice of the 

Department of Agriculture as a Civil Engineer in 1959 through 

mid-1960. In June 1960 I took a position as Junior Engineer 

with Fairbanks Morse & Co. in Beloit, Wisconsin. 

5. In September 1961 I became a Research Assistant and 

Instructor with the University of Wisconsin. I held this 

position through the completion of my doctorate studies in mid-

1964. 
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6. In July 1964 through August 1973 I taught first as 

Assistant Professor and later as Associate Professor of Civil 

Engineering at the Massachusetts Institute of Technology. 

During this period I also did research at Stanford University 

during sabbatical leave in early 1971. 

7. In September 1973 through June 1982 I taught at the 

New Mexico Institute of Mining and Technology in Socorro, first 

as Associate Professor of Hydrology and later as Professor of 

Hydrology and Program Coordinator for Hydrology. During this 

period in January through June 1979 I worked as a part-time 

member of the New Mexico Environmental Evaluation Group, 

analyzing the progress of the WIPP project on behalf of the 

State of New Mexico. Also, in early 1978 I taught during a 

sabbatical leave at the University of Karlsruhe and at the Ecole 

des Mines de Paris. 

8. In July 1982 I joined the faculty of Massachusetts 

Institute of Technology as a Professor of Civil Engineering, a 

position which I now hold. I have also taught during sabbatical 

leave in 1986-87 at the Royal Institute of Technology, 

Stockholm, the Federal Institute of Technology, Zurich, and the 

University of Western Australia. 

9. I received the O.E. Meinzer Award from the Geological 

Society of America in 1987. In 1983 I was elected a Fellow in 

the American Geophysical Union. I received the Robert E. Horton 

Award of the American Geophysical Union in 1982. These awards 

all specifically recognized my contributions in the field of 

2 
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stochastic subsurface hydrology, that is, the probabilistic 

treatment of the flow of water through earth and rock. 

10. I have served on four technical committees of the 

American Society of Civil Engineers in the period 1972 through 

1984 . 

11. I have served on three technical conunittees of the 

American Geophysical Union in the period 1983 through 1988. I 

also served as associate editor of the journal, Water Resources 

Research, in 1981 through 1986. 

12. I have served on three technical committees of the 

International Association for Hydraulic Research in the period 

1972 through 1985. 

13. I have served on the U.S. National Committee of the 

International Association of Hydrological Sciences in 1980 

through 1985 and in 1981 through 1988 served as associate editor 

of the journal, Hydrological Science Bulletin. 

14. I have been a member of the Geophysics Study Committee 

of the National Research Council since 1988 . 

15. At the invitation of the United States Department of 

Energy ("DOE") I sat on its Review Panel for the Office of 

Health and Environmental Research in 1983. 

16. Also in 1988 I sat on the Consultants Panel on Waste 

Management for the DOE Hanford Site, in Washington. 

17. At the request of the State of New Mexico I was a 

member of the Governor's Advisory Committee on the Waste 

Isolation Pilot Plant in 1975 through 1980 . 

3 
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18. I also served as a member of the New Mexico Water 

Resources Research Institute Review Board in 1975 through 1982. 

19. I have published, as author or co-author, 

approximately 123 scientific articles and presented 122 

scientific papers at scholarly meetings. A list of my 

publications is attached to my resume, which is exhibit A 

hereto. 

20. My particular area of study is the field of subsurface 

hydrology. Subsurface hydrology comprises the study of the flow 

and transport of water and other liquids and gases through 

porous or fractured media, such as bodies of rock and earth. 

The discipline of subsurface hydrology is directly pertinent to 

a study of the performance of the WIPP as a geologic repository, 

because the principal potential path of release of radioactivity 

is through the dissolution of radionuclides in ground water and 

the escape of ground water by natural or manmade routes to the 

biosphere. 

21. I have previously examined the WIPP site as part of 

the early examination by the Environmental Evaluation Group 

("EEG"). This investigation led to the publication of a report 

in 1979. 

22. I have now been retained as a consultant on behalf of 

the State of New Mexico to review and comment upon the 

scientific significance of the bin-scale tests. In studying the 

issues I have examined the following materials: 

a. 40 C.F.R. Part 191 

4 
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b. Test Plan: Alcove CH TRU Tests (SAND 90 8499) 

c. Test Plan: Bin CH TRU Tests (SAND 90 8500) 

d. Test Plan: Performance Assessment (DOE WIPP 89-
011) 

e. Test Plan Addendum #1: Bin scale tests (SAND 90-
2082) 

f. Status Report: Potential for Long-'rerm Isolation 
(SAND 90-0616) 

g. Preliminary Comparison with 40 C.F.R. Part 191 B. 
(SAND 90-2347) 

h. WIPP Performance Assessment: 1990 Snapshot (SAND 
90-2338) 

i. 

j . 

Status of the WIPP Project (Neill & Chaturvedi) 
(Waste Mgmt. '91). 

WIPP FSAR Addendum (July 1991) (WP 02-9 Rev. 0) 
(excerpts) 

k. Letter, EEG to Hunt (DOE), Aug. 9, 1991 

1. Critical Experiments and Time Lines (W.D. Weart, 
SNL (Aug. 12, 1991) 

m. 

n. 

Evaluation of the DOE Plan for Radioactive 
Experiments and Operational Demonstration at 
WIPP, L. Chaturvedi, Sept. 1989 (EEG-42) 

Comments on WIPP and British Thinking Concerning 
Gas Generation within Nuclear Waste Repositories, 
A.R. Lappin, Sandia National Laboratories (Nov. 
27, 1989). 

23. The regulations which set forth the standards 

applicable to disposal of transuranic waste are published at 40 

C.F.R. Part 191 B . These standards were issued by the 

Environmental Protection Agency ("EPA") . The standards 

applicable to disposal of untreated hazardous waste are set 

forth at 40 C.F.R. Part 268. 

5 
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24. The EPA radiation standards call for a demonstration 

of compliance which is made by a process known as a "performance 

assessment." This process seeks to establish that the facility 

and design will meet specified limits upon the probability and 

the amount of any release of radioactivity. Specifically, there 

is a containment requirement, which requires that a release of 

radioactivity to the biosphere in excess of a :stated amount 

(depending on the total quantity disposed) not have a likelihood 

of more than one in ten of occurring in the 10,000 years after 

disposal. It also requires that a release in excess of ten 

times the stated amount shall not have a likelihood of more than 

one in 1,000 of occurring in the same time frame. Further, 

there is a limitation on radiation dosage to a single 

individual. (40 C.F.R. §§ 191.13 (a), 191.15). 

25. Compliance with the EPA disposal standards is not 

required to be demonstrated by means of on-site experiments with 

radioactive waste. A probabilistic risk analysis is to be used 

to show compliance. 

26. The performance assessment process seeks to identify 

those events and processes which might give rise to a release, 

examine the effects of the processes on the disposal system, 

quantify the possible releases of radioactivity, and estimate 

the likelihood of releases at varying levels. The final product 

is a "complementary cumulative distribution function" ( "CCDF") -

- a graphic representation of the magnitude of all releases of 
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radioactivity over the forthcoming 10, 000 years at various 

levels of probability. 

27. Sandia National Laboratories ("Sandia") is now engaged 

in carrying out a performance assessment of the WIPP. Under 

Sandia's approach, a CCDF is to be constructed for each 

identified "scenario" depicting a possible avenue of release of 

radioactivity, and it is intended that the individual CCDF's 

will be added to express the system's overall likelihood of 

releases of various sizes. 

28. To estimate the likelihood and consequences of a 

release for a particular scenario, Sandia has chosen the course 

of first developing conceptual models of the various elements of 

the disposal system that are involved in a particular scenario. 

The conceptual models are converted to computer model 

descriptions, which can be used to examine the~ behavior of 

elements of the disposal system under different conditions. 

29. The release scenarios are then analyzed to determine 

the degree of importance of various different elements of a 

release scenario to the ultimate release of radioactivity. This 

method of analysis is known as sensitivity analysis. 

30. The stated objective of the bin-scale tests is to 

determine the gas generation rate and gas composition from 

various transuranic waste types over time, in conditions of the 

presence or absence of brine and other materials. (January 1990 

test plan (SAND 90 8500), at 14-15) . The purpose is, in other 

words, to limit the variables to specified waste forms, fixed 
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amounts of brine, and certain other additions and to ascertain 

the rate at which these materials generate gas. 

31. However, it appears that the performance assessment 

process has not yet progressed to the point that a sensitivity 

analysis with respect to the rate of gas generation can be 

conducted. In these circumstances, it is not possible to state 

that the rate of gas generation is an unknown factor whose 

improved determination will strongly influence the outcome of 

the performance assessment. In a word, there is no scientific 

demonstration of the need for the bin-scale tests. 

32. To explain further, the 1990 Preliminary Comparison 

says that the status of compliance assessment conceptual models 

of gas generation by corrosion and by biological means is 

"preliminary" (Table V-7), which is explained to mean "intuitive 

and incomplete" (at V-107). Thus, the computer models of these 

processes are still at an early stage . 

33. The 1990 Preliminary Comparison also says that 

"[s]imulations that incorporate gas are preliminary, and cannot 

be used to quantify sensitivity of the modeling system to gas 

generation." (Id. VI-1). Thus, it is not yet possible to show 

the importance of gas generation to the performance assessment. 

34. Two studies in the 1990 Preliminary Comparison involve 

gas generation, but neither of these indicates that the rate of 

gas generation is a critical factor in the performance 

assessment. The first study (at VI-22) depicts gas saturation 

in various components of the repository. The study does not 
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appear to vary the gas generation rate to test the importance of 

that factor and, thus, does not tend to establish the importance 

of that factor. 

35. The second study analyzes flow of (presumably 

radioactive) brine from the repository into an intruding drill 

hole using a simplified one-dimensional model. (at VI-28). Gas 

generation rates were varied in this study between the estimate 

in a previous Sandia study (Lappin, et al. 1989) and ten percent 

of that value. The study showed that the most important factor 

in escape of brine was permeability of an overlying anhydrite 

layer. The study did not show that the gas generation rate was 

important to the occurrence of a release of brine~, because the 

results showed that brine would escape both at the maximum gas 

generation rate and at ten percent of that rate, and that a 

lesser amount of brine would escape at half the maximum rate. 

Thus, radioactive brine escapes at all levels of gas generation. 

This study suggests that the rate of gas generation may not, 

itself, be an important factor in the outcome of the performance 

assessment . 

36. However, it must be emphasized that the actual future 

performance of the WIPP repository is a matter whose complexity 

is hardly approached by the conceptual models repre~sented in the 

1990 Preliminary Comparison. The possible release of 

radioactivity from the repository depends upon highly complex 

and interrelated actions influenced by the rate of closure of 

the surrounding rocks, the amount of brine flowing into the 
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repository, the interaction between brine and waste to produce 

gas, the consumption of water in gas generation, the 

permeability of the surrounding rock to gas and to brine as 

affected by gas pressure, the effect of gas pressure on gas 

generation, the effect of gas pressure on rock closure, and 

certainly other factors. Whether all of these elements of the 

behavior of the repository can ever be modeled with sufficient 

accuracy so that its future behavior can reasonably be 

predicted, even probabilistically, is a highly speculative 

matter. In any case, it has not yet been done to the point that 

anyone can say that, if the rate of gas generation is better 

ascertained in tests, we will know whether the facility will 

pass the EPA radiation standards (or the hazardous waste 

regulations, for that matter). 

37. Sandia's own 1990 Preliminary Comparison makes this 

point when it says that the studies to date merely illustrate 

the general approach to a study of the effects of gas 

generation, that they do not show that gas generation data are 

critical to a performance assessment, and that further studies 

are needed after improved conceptual models are developed to 

describe the interrelated processes of gas generation, brine 

saturation, salt creep, and permeability: 

"Results presented here for gas generation 
are preliminary, and are primarily a 
demonstration of the methodology that will 
be further developed to assess the effects 
of gas generation on repository performance. 
More detailed analyses, requiring two
dimensional modeling of two-phase flow 
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following intrusion, will be conducted after 
the two dimensional version of BRAGFLO is 
verified. Conceptual models and data must 
also be developed to describe adequately the 
coupled processes of gas-generation, brine 
saturation, and salt creep. For the 
simulations presented in the preceding 
sections, gas-generation rates were assumed 
to be independent of brine saturation. As 
discussed qualitatively in Chapter V ("Waste 
Panel Modeling"), gas generation consumes 
water, and rates will drop as gas displaces 
brine from the waste. Simulations also 
assumed that permeability of the anhydrite 
remains constant, rather than a function of 
gas pressure that opens pre-existing 
fractures as gas migrates away from the 
waste panels. Two-dimensional BRAGFLO 
simulations will include these two important 
factors. The importance of other modeling 
issues (Table V-7) will be assessed through 
sensitivity analyses." (Id. VI-32 through 
VI- 33) . 

Until the new conceptual models are developed to describe the 

interrelated processes, and the "more detailed analyses" are 

completed, it will not be correct to assert that tests must be 

done to determine gas generation rates in order to find out 

whether the WIPP will comply with the EPA disposal standards. 

38. Current information appears to indicate that it is not 

critical to determine the exact rate of gas generation, because 

the range of expected gas generation rates is sufficiently high 

to create difficulties with the performance assessment. Recent 

analyses by Sandia and by the Environmental Evaluation Group 

point to a rate of gas generation of from 2.5 to 5 moles per 

drum per year. (Chaturvedi, L., 1989, Evaluation of the DOE 

Plans for Radioactive Experiments and Operational Demonstration 

at WIPP: Sept. 1989, Environmental Evaluation Group Report, 

11 
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EEG-42 at 15-16). At the same time, Sandia has estimated that 

a gas generation rate of only 0.1 to 0.3 moles per drum per year 

will give rise to gas pressure in the repository that is equal 

to lithostatic pressure. (Lappin, A.R., Comments on WIPP and 

British Thinking Concerning Gas Generation Within Nuclear Waste 

Repositories, presentation to Radioactive and Hazardous 

Materials Committee, Nov. 27, 1989). If such pressures are 

exceeded, as could be the case at the projected gas generation 

rates, gas pressures would tend to increase the permeability in 

the vicinity of the repository and thereby increase the 

likelihood that radioactive brine would escape from the 

repository. 

39. In addition, there appear to be various safety-related 

and practical constraints which must also be considered in any 

evaluation of the data to be derived from the underground tests. 

I understand that the DOE at present is not prepared to conduct 

the following tests because of such constraints: 

a. "wet bin" tests 

b. leaching/solubility tests 

c. alcove tests 

40. The only tests which the DOE appears to be prepared to 

conduct underground at the WIPP are the dry bin- scale tests. 

However, these are the least critical tests to the performance 

assessment. The dry bin tests will generate data reflecting the 

rate of gas generation by waste which is not in contact with 

brine. Such information relates only to the operational phase 

12 
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of the repository, prior to permanent disposal, when it is not 

anticipated that significant quantities of brine will remain in 

the repository horizon, because brine will be removed by the 

ventilation system. However, information about the operational 

phase will not solve supposed performance assessment issues, 

such as whether the amount of gas generated from brine-soaked 

waste in a sealed repository will affect the repository's 

compliance with long-term disposal standards. 

41. As another limitation, Sandia has concluded that the 

bin and instrumentation design are not "inherently safe" and not 

adequate for operations above 50% of the lower flammability 

limit (A. Lappin and M. Molecke, Memorandum of Record, April 17, 

1991, at 2). Therefore, the equipment is only usable for tests 

with "wastes for which net gas-generation rates are on the order 

of 0.1 moles/drum/year," which "essentially permits only 

radiolytic gas degradation" (Id. 2,4). The effects of 

radiolytic gas generation are of minor interest compared to the 

effects of corrosion and biological action in generating gas. 

Sandia has estimated that only 0.005 moles/drum/year of gas will 

be produced by radioloysis. (Test Plan: WIPP Bin-Scale CH TRU 

Waste Tests, SAND 90-8500, at 118 (January 1990)). In 

comparison, 0.85 moles/drum/year is expected to be produced by 

microbial action and 1.7 moles/drum/year by anaerobic corrosion. 

(Lappin, et al., 1990). This is a severe limitation on the bin

scale tests . 
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42. Further, under the Final Safety Analysis Report 

Addendum a procedure of test bin gas monitoring and purging with 

inert gas is required. (FSAR Addendum, dry bin scale tests § 

10.1.2). Thus, "experimental bins must be purged if the 

concentration of any flammable gas within the bin reaches 50% 

of the lower limit for flanunability" (A. Lappin and M. Molecke, 

April 17, 1991, at 1). 

43. Sandia has concluded that " [b] ecause o.f the purging 

restraint, it appears that only 'dry' low-organic or other 'low

gas generating' wastes can be tested without modification to the 

present testing plans and/or the bin and attached 

instrumentation." (Id. 2). But tests confined to low gas 

generating wastes will not provide much information about gas 

generation by all of the waste types that will be in the 

repository, which is the presumed aim of the tests. 

44. Sandia has also concluded that as to high-gas

generating wastes, regular purging of the flanunable gases 

destroys the utility of the test data for the performance 

assessment: 

"The major consequence of using pur9ing to 

control bin flammability-safety concerns is to 

render the resultant data as applicable only to 

the short-term (early-years) of repository 

operation. Resultant data interpretations will 

be of little use for PA [performance assessment] 

predictive modeling, as claimed by the project, 

14 
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and may not support initial receipt of such 

wastes at the WIPP, for purposes of evaluating 

compliance with 40 C.F.R. 191 Part B" (Id. 3-4. 

See also pp. 5-8.) 

45. It goes without saying that the bin tests do not need 

to be conducted at the WIPP or underground at all. The bins are 

to be sealed at the storage site and transported to the WIPP in 

air-tight conditions. After their arrival, the repository 

atmosphere will not communicate with the bin atmosphere. The 

bins will be under positive pressure. The bin tests, as so 

configured, are independent of the physical location of the 

bins. 

46. The test plans themselves state that the bin-scale 

tests need not be conducted at the WIPP: "It is not mandatory 

on a scientific basis that these bin-scale tests be conducted at 

the WIPP." (January 1990 test plan, at 28). 

4 7. Experimental scientists are trained not to subject 

others to unnecessary risks. These concerns are particularly 

acute when dealing with radioactive materials, when considering 

field experiments in inherently dangerous locations, such as 

underground mines, and when exposing the public to risks, such 

as the risks of transporting radioactive materials. In general, 

such risks should not be created unless the anticipated benefits 

outweigh the risks. In this instance, the benefits to be gained 

from the bin-scale tests have not been established and cannot 

15 



justify the risks involved. I therefore cannot regard these 

' .. tests as a responsible scientific effort. 

I declare under penalty of perjury that the foregoing is 

true and correct. Executed: /--liU.!i::.::-,.q~ 
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?7. Lansford,&. R., Gel\1•r, L. w., plu• 12. others, .. A PnHminary Economic 
Pca1ibilit1 Study for the E•tAhlishment of an tnergy-Wa~er Complc~ 
in the Tu1Arosa Bat1n," NMW!Ull l\epurL 068, 2Jl pp., February 1976. 
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al in the Tularosa Basin, Nev Mexico, .. Proceediy of the Second Inter
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Variability in a ThreQ•O;ITIQnsional Hete~ogeneou:s Aquifer#, Hater Repouu:,es 

Ee3••rch, 25, 10:259l-ibu2, 1990. 

115. Tompson, A.r.e. and L.W. Cclhar, •Nul'N'!ri~al Simulation ot SoluLc: Tranaport 
111 Thi.:ee-Dirnen::iional, ~andomly Reteroqeneou.s t'Orou~ Mc:d.la", ~ R@souJ:i;es 
i\CSMroh, 2,, 10:'°'1•1-2562, 1!1!10. 

l 1 6. Sprinqer, ~ . .IC and L. W. Uelhar, "Charactoriut inn nf La.u;Je-Scal.e Aqui flfr: 
ttet.ero9en1:1ily ln Glaci41 Outwash by An...lysis of l:i!uq 'J"e.scs Wl.Lh O:scUlatory 
R.,:;pon::1ca, Cape Cod, Maaal't'.':hu1uatts" to be presentt!u AL Mont•rcy conforene•. 

117. Rajar~m. H. and L.W. Uelhar, ~Th£ee Dirnen::iional Spa~ial MnmAnts Analvsis of 
r.he Borden '!'racer TtHsL - , gtcr l\coourcea 2esenrch, 27. & : ll3~·12~1, 1991. 

ll8. e1;e1lnai:d, E.C. and L.W. ~H1~r, •rn!luence o! Verti1,;dl l"low on Cr.oundwater 
Tran::iport•, Grgupd Wnter, in press, 1991 . 

ll~. Pnlmann, D.J., L>, McLau1:1hl.ln, o. Luie, L.W. G•lh.iir 11nd R. Ababou, 
"Stochastic Mudelin9 of LGrge-Scale F''nw in Heteroqeneous U11;:,c1L"i:ated 
Soila", H;ter ncooureea Research, in press, 1991. 

lZO. Welty, c. and ~.W. Gelhar, ~simulation of L~rgo-scale Tr~n~port of Variable 
Density and viscosil.y rluid3 U::iing a Stochastir. Mean Transport Model", ~ 
Resource3 Rt=;ce1gh, i.n prou, U~l. 

lZl. Welty, c. and L.W. r.Alhar, "Stocnast1c Amsly.:d.~ of the Ef£octe of Flniri 
Density anti Viscosity varlabiU.\.y on Hacz:odiopcraion in M~t.~roqeneous l'orous 
MP.tiiaw, Nater Resource; Ra~corcb, ~ubmitt~d 1991. 
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122. AdAmo, B.&. and L.W. Gelhar, ·r1e!d Study u! Di•pc~•ion in ~ M~~Arooencout 
~quifer: Spatial MOJ11ents Analy~i5•, Hater Bcaources Rp3eareh, in press, 
1991 . 

llJ. Gelhar, L.W., C. Welty and K.R. Rehfeldt, ~A Cri~lcal Review of Dat• nn 
Field ~c~l• Dispersinn in Aquiters·, JaL•& Bc;ourcco Baaoarch, ~ubmitted 

hpril, 1991. 
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CONFERENCE PAPERS, INVITED LECI"URES, SEMINARS AND WORK.SHOP~ 

Gelhar, L.W., "Continuing Education, the ~nit. of rhe University." invited paper presented ill 

ASCE Water Resources Engineering Conference, Mobile, Alabama, March 19M. 

Gelhar. L W .• and Monkmeycr, Pc:LCT L .• ''Twbulc:m llc:lical Plow in an Annulus," pnpcr 
presented at ASCE Waler Resoun:es En1incerine Confcrcm;c:, Dc:uvc::1, Colorado, M11y 
1966 . 

Gelhar, L. W ., "Comments on Sc:lccti~ Withdrawal from Dcnsity-Strntified Reservoirs," 
inVitcd discussion paper 11 ASCB Spet.ia.hy Coufc:rc:m;c; uu Cw·rc:nt Rc:KUCh into the: 
Effects of Reservoin; on Water Quality, Ponland. Orc2on. January 1968. 

Ruff, J.r., and Gelhar, L.W., ''Turbulent ShC4t Flow in 3 Porous Boundary,'' paper presented 

at ASCE Water Rc;liuU&\.~li Engineering Conference, rhocnix, Arizono., JllllUQl}' 1971. 

Gelhar, L.W., "Modeling the Long Island fimund Water System." invited lccrurc at Califumi11. 
Institute of Technology, April 1971. 

Gelhar. L.W .• "Subsurfll(.."C Water Qwalily," invited report at Third run Collins lntcmntionlll 
llydrology Symposium, June 1971. 

Collins, M.A., and Gelhllt, L.W., "Somo Steady State and Transient Charat.-teristics of the 
Long blw1d Aqujfer Systcm.s a.s Determined by a Vcnical Hclc-Shllw Models," paper 
pre~nted al 19th Annual Speclalcy Conference of the Hydntulics Div., ASCI?, Iowa City, 
Iowa, August 1971. 

Oclhcu, L.W., "The Viscous Analog in Ground Water Modelling," invited paper p~sented at 
the 20th AMual Spe(..ialty Confc;n:uu: uf Lhe Hydraulics Div., ASCE, lthacu. New York, 
August 1972. 

Gelhar, L. W., and Wilson, J.L., "Ground Water Quality Modeling," invited paper presented ar 
Second N1uiu11al Ground Water Quality Symposium, Denver, Colom.do, September 1974. 

Gelhar, L.W., and Wilson, J.L., "Solute Transpon in tht. llnsaturated Zone," paper presented 
at AGU F11ll Annual Meeting, liQS., Vol. 56, No. 12, p. 979, December 1975. 

Gelhar. L.W .• "A Comparison of OruuudwalCf Quality Modeling Techniques," invited lecture 
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at Wat~ Resemch Center Conference on Groundwater Quality-Mt'.AJ\nrcmcnt, Prediction 
and Prutcctiun, Rtading, England, September 1976. 

Gelhar, L.W., "Stochastic .Analys1!i: of Mow in Aquifers," Invited lecture at Sympo~ium on 
Advances in Groundwater Hydrology, American Water Resourr.t.!i: Assoc .. Chicaio. 

Illinois, ~cptcmber 1976. 

< ic~lhar, L.W .• "Spectral Theory in Analysis o!Tempordl and Spati1d Vai:iability in 
Groundwater Flow" and "Stochastic Analy~i; nf Macroscopic Dispersion," keynote 
lectures at the Geological Society of America Penrose Conference on fit'.ostatistical 
Concepts and Siochasric Methods in Hydrogeology, Vancou"er, B.C., August 1977. 

Gelhar, L.W., "A Summary of Rc.-.earch in Groundwater Hydrology at New Mc::Ai\.v Institute 
of Mining and Technology," seminar prcSC'.nted at llnivr.rsiry nf Stuu2an. Stutt~art. 
Gcnnany, Jnnuary 1978. 

Gelhar. L.W .• "Groundwater Quality Models: Review, Clilibnlliuu and Appli~ation," seminar 
presente.d ar University of Karl~ruhc, Karlsruhe. Gennany. January 1978. 

GelhAr, L.W., "Stochasric Analysis of Groundwarer Systems: Temporal Variability," seminar 
presented l:lt Uuivc1~ily of Karlsruhe, KArlsruhc, Germany, February 1978. 

Gelhar, L W., "Stochastic Analysis of srarial Variahility in Subsurface Flows," seminar 
presented at University of Karlsruhe, Karlsruhe, Gennany. Febn1ary 11.l'/R . 

Gelhar. L. W .• "Stochutic Analysis uf Mac.;1wispcrsion in Aquifers," seminar presented n1 
University of Strasbourg, StrHhnurg, Prance. March 1978. 

Gelhar, L.W., "Stochastic Analysis of Macrodispcrsion in Aquifers," seminar preM:nted at 
Univenlty of Stuugm, SLull~lllt. Germany, March 1978. 

Gelhar, L.W., "Stochastic Analysis of Macrodispersinn in Aquifers." seminar presented at 
Wnter Resemch Centre, Medmenham, England, March 1978. 

Gelhar. L.W .• "Stochastic Analysis uf Mac.:nxlispcrsion in Aquifers," ~sentcd at the 
International SP-minar in Hydrology and Water Resources. Caracas. Venezuela, Mun:b 
1978. 

Gelhar, L.W., ''Oslilmstion of Lwupcd Parameter Groundwater Models: Application to the 

11 
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Mesilla Valley. New Mexico." seminar presented at r.mle des Mines. fontaineblcau, 
France, May 1978. 

Gelhar, L W., "Stochastic Analysts or Spada! Variability in Suu)wfacc r:lows," 5eminar 
pre~nted at Ecole des Mines, Jionrainchleau. France. May 1978. 

Gelhar, L.W., Four lectures presented at Conference sur l'Analyscs Stochastique dei: 
Ecoulcmems en Milieu Poreux ct lea Mil(.;Jodispcrsion, Fontainebleau, Fnancc, June 1978. 

McLin, S.G., and Gelhar, L.W., "Predicting lJTigation Return .. low Water Quantity and 
Quality with a Lumped Pllmmeter Hydrosalinity Model," Paper H& 12 pre~nted at the 
American Geophysical Union Fall Meeting. San Frv.ncisco, Co.I.,~. Vol. 59, 1062, 
December 1978 . 

Gelhar, L.W., "Stocha1aic Analysis of Macrodispe.rsion in Aquifer~ ... ~eminar presented at the 
University of Arizona. Tucson, Arizona, February 1979. 

Gelhar, L W., "calibration of Lumped Parameter Groundwater Models: Apµlication Lo the 
Mesilla Valley, New Mexico," seminar prc~ntcd at University of Arizona. Tucson, 
Arizonll. February 1979. 

Gelhar. L. W .• "Stochastic Analysb of Subsurface Flow." invited la;tun. presented At the; 
annual meerine of the American Society of AifOllomy. Port Cullins, Colo1i!Uo, .August 
1979. 

Gelhar, L.W .. "Recent Ocvclopmcnu in StochAstic Models of Dispersion," presented at the 
UNESCO Workshop on Radionuclide Ficlll Tcsl.li cal lhc U11iv~1sily of Arizona, 
September 1979. 

Gelhar, L. W., "Sroc;hastic Analysis of Macrodispcrsion in Aquifers,'' seminar presented at the 
Unlverstiy otllllnots. September 1979 . 

Gelhar, L.W .. "Open Questions on the Groundwater Hydrology anti ~clate.d Aspects of the 
WIPP sitc.11 presented at the meeting on Geotcchnical Consideration for Radiologjcal 
Haan:t Assessment for WJPP sponsored by the Environmental Evaluution Group. State 
of New Mexico, Albuquerque. New Mexico, Jw1uary 1980. 

Gelhar, L. W., "Stochastic Analysis of Maerodispenion in Aquifers," seminar prr~~nted at 
Colorado Stat~ University, March 1980. 

Gutjahr. A.. and Gelhar, L.W., "Cumpa.risons of Stochastic Models of Subsurface Flow," 

15 
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presented at the AGU Spring Meeting, Toronto, Canada, E.QS.. Vol. h 1, No. 1 ·1. p. 239. 
November 1980. 

Bakr, A.A., GelhAr, I .. W. and five others. "Tnu .. "Cr Test for Detennination of Field Dispcrsivity 
in a Basalt lnterflow," paper presented at the Al.ill rail Meering. San Francisco, Cal .• 
~ Vol. 61, No. 46, November I 980. 

( i~lhar, 1-W., ''Stochastic Analysis of Macrodlspcrsion in Aquifer:»," :teminar prc$Cnlcd al 
MIT, Cambridge, Mauachusctts, Jnne 19KI. 

Gelhar, L.W., "Stochastic Problems and Methods of Dealing with Spatial Variability in 
Hydroloeic Modeling," invilcd le4:LUCe presented at the AGU Chapmon Conference on 
Sparial Vanahiliry in Hydrolo&ic Modeling. Pingree Park, Colorauu, July 198 J. 

Mizell, S.A., Gelhar, L.W., and Gutjahr, A.L., "Stochastic Analysis of Two· I >imensional 
Oruuudwater Flow," papcrprcsentcd at lhc AGU Chnpmnn Conference on Sp:uial 
Variability in Hydrologic Modeling, Pingree Park, C(llorado, July 1981. 

Yeh, T.C. and Gelhar, L.W., "Effects of Field Variability on llnsatur.itcd Flow," poster paper 
prcscrucd at the AGU Chapmnn Conference on Spatial Variability in Hydrologic 
Modeling, Pi11~1"CC Park., Colorado, July 1981. 

Duffy. C.J., and Gelhar, L.W., and Gutjahr, A.I •. , ''Stocha.~tic Analysis of One-Dimc:nsiom:tl 
Solute Transport in a Nonunifonn Groundwater Flow Field." paper pre~ented at the AGU 
Fall Meeting, San rnncisco, Cal., EQS., Vol. 62, No. its, p. 868, December 19.81. 

Uelhar, •-W .• 'Three·D~enslonal Stochastic Analysis of Mat..TOscopk: Di:>µersion in 
Ani£OttOpic Porous Media," invited paper presen1ttt ar rhe F.uromech Colloqium on Flow 
and Transport in Porous Media, Delft. The Netherlands, Septeniber 1981. 

Gelhar, 1 _ w .. "Stochastic Analysis of Flow and Solute Transpon," inviLc::d paper presented at 
the Symposium on Unsaturated Flow and Tr:m~pon Modeling, Seattle, Washington, 
March 1982. 

Gelhar. L.W .. and Axncss, C.A., "SLoc.:hitStic Analysis of Macrodii1pcrsion in Three 
Dimen~ionally Heteroiencous Aquifers," invited paper presented at An~dcan Chemical 
Society National Meeting. Las Vegas, Nevada, Man:h 19K2. 

Yeh, T.C., auad Oclhar, L.W., "Unsaturated Flow in Heterogeneous Soils," paper presented at 
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the AGU Spring Meeting, Philadelphia, PA, E.QS.. Vol. 63. No. 18. p. 328, June 1982. 

Gelhar. L.W .• "Macrodispersiuu in A4uifc:rs," lecture pre~ntcd at research workshop 1on 
Hawaii groundw111t:r hydrologic problems. Unlvcrsily of Hawilii, June 1982. 

Gelhar, L..W., "Stoch11Stic Analysis of Flow in Heterogeneouli Porous Mt".1tia," invited lecture 
prQc:UlCd at the NA TO Advanced Study Institute on Mechanics of Fluids in Porous 
Media, University of Delaware. July 1982. 

Gelh3r, LW., "Stochastic Analysis to Uns:uunte.d Flow: Some Waste Disposal Implications," 
~cminar prcsc:ntcd at MIT, c,unbridge, Mass., November 1982. 

nutty. CJ., and Gelhar, L.W .. ''lbe Power Spectra and Pr~ucni;y Response of Water 
Quality Parameters in Groundwater Systt.mi;," paper presented at the AOU Fall McctinK, 
Snn Fr«lncisco, Cal., liQS., Vol. 63, No. 45, p. 936, DeccmbeT l ~X2. 

Gelhar. L.W., "Coma.mimml Tnu1:1vcin Processes At llaz:.ardous Woste Sites," invited lecture 
presented at the Boston Society of avU Engincc:rs, li1WUJuus Waste Section Meeting, 
April 1983. 

Duffy, C.J., and Gelhar, L.W., and Wierenga, PJ., "Stochnstic Models for Agricultural 
Draina&e Systems," paper presented at the ASCE Inigaiion and Drainage Division 
Specialty Confettnr.e. JackWl, Wynming. July 1983 . 

Gelhar, L.W .. "Fickl·Scalc Dispersion in Aquifen," invited paper presented at the ASCI-". 
Hydr.1ulici1 Dlvi$iOn Specially Confc~ncc, Cnmbridgc, Massachusetts, August 1983. 

Gelhar. L.W., "Field-scale disper~on phenomena: porous versus fractured media," µaper 
presented at Basalt Waste Isolation Project Workshop on rield Method§ of Assessments 
of Radionuclide Sorption, Richland, WA, September 1983. 

Gelhar, L.W .. "Overvtew nt fimundwater Transpon Studies." presented Ill Solid Wi1Stc 
Environment Studies Meeting, Electric Power Resemch lns11tme, Phoenix. AZ. 
Novcm~r 1983. 

( ir.lhar. L.W .. "Stochastic models of unsaturated flow," p;tµc:r µ1c~ntcd at NRC Workshop on 
Transport through lln~nunucd Fractured Rock, University of Arizona, Tucson, AZ. 
January 1984. 

Gelhar, L.W .• "Pield·scalc dispc:r~ivc: Ullnspon experiments in the saturatcd. ond unsaL'Ul"!lted 
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67(16), p. 286, 1986. 

Gelhar, L.W., "Field-scale dispersion in aquifers: litochasti<.: theory, simulations and field 
observations," seminar presented at University nf Wc.~tem AUlitrd.lla. Penh, Fcbrull.I)' 

1987. 

C'ielhar, L W .. "Stochastic modelini of unS1tlu1aLe.d now ll.lld tansport," iicminar presented at 
CSIRO Division of<;mnndwarcr Research. Penh. Western Ausu-ctli11, March 1987. 

Rehfeldt, K.R. and L. W. Gelhar, "Mcosuremcnts of the small scale hydraulic C".onductivity of 
heterogeneous u11co100Uda1cd porous material in fully ll(..-rcened wells using a borehole 
flowmeter:· paper presented at the AOU Sprin~ Meeting, Blllrimorc, MD, EQS., 68(16). 
p. 303, April 1987. 

Abalx>u, R. and L.W. Gelhar, "Itenuive solution of large finite difference systems wHh 

random cocffi1.:ic111.s," paper presented at the First International Conference on Industrial 
and Applie.d. Mathematics. Paris. Prance. June 1987. 

Gelhar, L.W., Three lectures :u the short coUBe on Modeling Pollutanr Movement in 
Groundwater, University of WillConsin, Sept. 1987. 

Gelhar. L. W .. "Srnchastic analysis or unsaturated contaminant trdDspon," wlk. presented a.t the 
U.S. Nuclear Regulatory Commission, Hcthe!lda, Maryland, September, 1987. 

Gelhar, L.W., 1'hc macrodispcrsion experiment 11t the Columbus, Miss field sire, presenteli at 
Elecll'ic Power Rescan:h Institute Mcclu1x un Land a.nd Water Quality Studies, N11shville, 
October 1987. 

Gelhar, L.W., "Field-scale dispersion processes: stochastic thc.-ory, numerical e.xpe.rimenr" and 
field observationli," ~a1ti111U' presented at New Mexico Institute of Mining and 
Technology. Socorro. October 1987. 

W city, C. and Gelhiir, L. W., "Stochastic analysis of the effects of visc.osity variability on 
macroscopic longitudinal dispcrsivity in heterogeneous porous media," paper presented at 
the AOU Pall Meeting, San Prdn<.:iscu, CA, ms_, 68(44), p. 1262, November 1987. 

Ababou, R., Gelhar, L.W., and McLaushlin, ll., 'Three-dimensional 1roundwatcr flow in 
rmdom media: direct simulation versus spectral theory," paper presented at the AGU Fall 
Meeting, San Francis1;0, CA, fil2S., 68(44), p. 1265, November 1987 . 
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Gelhar, L.W., "Field-scale dispcnion in aquifcn,'' lecrure presented at Gener.Al Motors 
Research Laboratory. Warren. Ml, Jamuuy 1988. 

Gelho.r, L.W., "S1ochasric modeling of subsurface c.ontamin:ned transpon," seminar presented 
at the Conference on Miuhemotlcnl Modeling of Fate, Transport and Htli.-.ctl\ of Pollutanrs 
in the Envirumnclll, Cornell University Center for Applied M:uhematic:s, lthaca, NY, 

March 1988. 

Abnbou, R. :Lnd Gelhar, L W., "Unsaturated moisture plumes in heterogeneous soils: high 
rcXJlution numcricul experiments," puper presented at conference on Validntion of Flow 
and Tran~pun Mwcb for ihc Unsaturated Zone, Ruidoso, New Mexico, May 19&8. 

Gelhar, L.W., "lhe stoc~tic revolution anti motlel validation," paper presented at \;<.111fo1encc 
on Vnlidution of Flow a.nd Transport Models for the Unsanmltt'.rl Zone, Ruidoso. New 
Mcxioo, May 1988. 

Uelhar. L.W., "Dispersion in aquifers: stochastic theory, numcri\:al simulAtion~ and field 
experiments," lecture at Shell Developmen1 Lahoratory. Houston. TX. May 1988. 

Ababou, R. and L.W. Gelhar, "A high-resolution finite difference simulaLor for 30 unsamrate.d 
flow:· paper presented at VII lntematiomtl Conference on Computational Methods in 
Wate.r ResourcP.ii, June 19RR. 

Gelhar, L.W., "Stochastic theory nnd modeling experience," presented at INTRA VAL 
Workshop on Unsamratcd Zone Test CAscs, .Rockville, MD, July 1988. 

Gelhar, L. W. and C. Welty, "Sroc:ha~tic analysis oflargc scale transport processes," invited 
lecture at Gordon Research Conference on Modeling of rlow in Pcnneablc Media. 
Plymouth, NII, August 1988. 

Gelhar, L. W., "Ana ly~i~ of macrodispcrsion experiments." presented al Electric Power 
Research Institute Meeting on Land and Warcr Quality Stuciie~ Program. Grants Pass, 
OR, Sept. 1988. 

Gelhar, I •. W., Three lectures at shon course on Modeling Polluu1.111 Movement in 
Groundwater, University nf Wi~on~in. Sept 1988. 

Rehfeldt, K.R., L.W. Gclh11t, J.M. Boggs, and J.B. Southard, "Compariwn of loe 
conductivity covmaIK.:c csuma1cs from flowmcter, surface rcsistivily, streaming potential, 



'"" 

.. 

,., 

l'·ltl!l 

11 

slug test. core, facies, and grain size data", Geological Soci~ty of America Annual 
Meeting, Abstract No. 26108. Denver. October 1988. 

Gelhar, L.W., "Applicafion of uncha.~tic methods to now and uanspon mwc::ling of 
unsaturated porous media," talk prescntttl at JT'IC.".t.ting or NKC Nuclear Safety Research 
Review Committee, Tucson, AZ. October 1988. 

Ababou. R. and L.W. Gelhar. ··convcr)!,c::11\;c of su-ongly implicit procedure: for 111rge nmdom 
tinir~ r1iffercnce systems," presented at Workshop on Practical ltc::nilive Methods for Large 
Scale Computations, University of Minnesota, ( >croher 19Rlt 

Oc::lhar, L.W., "Prcliminuy results of the MADE large-scnlc troc:er experiment", presented at 

the Electric Power Research Inscltute Meeting on 11u; Land and Wata Quality Studies 
Program, Nashville, TN. October 191Ut 

Ababou, R. and L.W. Gclh11t, "Scllle-Dependent Variability in Subsurface Hydrology: Self
Similarity aml Spo;md Conditioning," paperprcscnlcd at the AGU Fnll Meetins. San 
Francisco. CA. EOS. 69( 44). p. 1191, November 1988. 

Gelhar, L. W., "Modeling unsaturated flow," three lec.rures at a MIT worki;hop presented at 

U.S. Nuclear Regulatory Commission, Bethesda, Maryland, January 1989. 

tir.lhar. I~ w .. ""~ield-scale dispersion in aquifers." invited lecture at the lulc::111alional 
Symposium on Contaminant TransJMW1 in Groundwater. Sluttgan, April 1989. 

W clly, C .• and L. W. GelhAI", "Stochastic analysis of the effects of density variability on 
macrodtspcrston in heterogeneous puruus mali•", presented at AGU Spring Mcc:ting, 
EOS Vol 70, No. l~. p. :i40, May 1989. 

Gelhar, L. W., "Macrodispcrsion in o.quifers," seminar presen~ at Danmouth College. 
Hanover. New Hll.IDpshirc::, June 1989. 

Gelhar, L. W., "Field-scale transport proceue" in aquifers;· seminar presented at the 
University of Nevada, Reno, Ausust 1989. 

Gelhar. L. W .• field-scale transpon processes in hclc::1u)!,cneous 50ils," invited lecture; at 
Workshop on t•1eld-Scale Water and Solute Plux ln Solis. Ascona, Swi1zc::rhu1u, 
September 1989. 
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Rajaram, H. and Gelhar. L. w .. "Three·dimcnsional spatiitl 11iuments analy~is of the Borden 
tracer test," paper prese.nred at the Al it J l'all Meeting. San Francisco. California., ~ 
1Q (43), pl092, December 1989. 

Gelhar. L. W .. ''Transpon in heterogeneous media," inviled talk at workshop on 
Multicomponent Moot.ls ant1 F.xpert Systems. Subsurface Science Prur,rctm, Depa.11ment 
of Energy, Gaithersburg, Maryland, De.cember 1989. 

Gelhar. L. W., series of S le~lwes presented at the ~hort eourse "Flow o.nd Transpon in 
Heterogeneous Porous and fractured Mafot", Swiss Federal Institute of Technology, 
Zurich, March 1990. 

Rehfeldt, K.R. and L.W. Gelhar, "Stocho.sric 11nalysis of dispersion in unsteady flow through 
heterogeneous porous mcc.fo1" 1 µ1escmcd At Western Pacific Geophysics Meeting, 
Kan:i7.awa, Japan, August. 1990. 

Gelhar, L.W., "Stochastic ch31'3cterizarion of sub£urface flows", invited lectur~ at Fifth Annual 
Oinadian/Amcric;an Conference on Hydrogcology, CnlgDry, Canada, September, 1990. 

Gelhar, I .. w ., "Held scale dispersion in aquifers: comparison of theories llml eAperiments", 
invited lecture at the International Conference on · 1 ·ransport and Mass Exchange J>nx;csscli 
in Sa.nd nnd Gravel Aquifers, Ottawa, Canada, October, 1990. 

Miralles-Wilhelm. P .. L. W. Gelhar and V. Kllpuur, "EITecL~ of hetergtneities on field-scale 
bidegradatinn in groundwater". paper presented at Pall AOU Meeting, Sctn Franc;ist,;o, 
CA, fil2£, ll(43), p. 1304, 1990 . 
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SUMMARY OF AFFIDAVIT OF 
ANN S. MAEST 

Dr. Maest is an aqueous geochemist who is an independent 

environmental consultant. She has conducted research in deep-

basin brines which are directly relevant to proposed tests at the 

WIPP site. While at the Environmental Defense Fund she filed 

joint comments to the EPA on the DOE's RCRA No-Migration 

Petition. ( ~ 2) • 

Dr. Maest testifies that the bin tests will provide very 

little, if any, relevant data for determining the long-term 

safety and viability of the disposal of transuranic waste at the 

WIPP, because: 

1. There is inadequate waste characterization of the test 

bin materials. (~~ 4-7). 

2. Only the gas phase will be analyzed during the bin 

tests. (~ 8) • 

3. Test conditions have little relevance to actual 

repository conditions. (~~ 9-12). 

4. The bin tests have little relevance to remote-handled 

transuranic waste. (~ 13). 

5. Laboratory tests would enable closer experimental 

control and in numerous respects would produce superior results. 

(~~ 14-15). 

Dr. Maest points out also that safety factors render the 

conduct of the tests extremely dangerous, especially to workers 

at the WIPP site. (~ 3) • 
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Various safety related constraints have prevented the DOE 

from being prepared at present to conduct the wet bin, 

leaching/solubility, and alcove tests. (~ 39). 

The dry bin tests will not generate information relevant to 

the disposal phase of the repository, because they will not 

involve waste which is in contact with brine. Thus, they will 

not help to solve long-term performance assessment issues. (~ 

40) . 

It also appears that the DOE is limited in its technical 

ability to test wastes which generate significant amounts of gas 

and can only measure radiolytic gas degration, which is of minor 

interest (~41) . 

Further, it appears that a gas purging requirement for high 

gas generating wastes destroys the utility of the test data for 

the performance assessment. (~! 42-44). 

In addition, it is not necessary to conduct the bin tests at 

the WIPP or underground at all. (~~ 45-46). 

The benefits to be gained from the bin-scale tests have not 

been established and cannot justify the risks involved. Dr. 

Gelhar cannot regard these tests as a responsible scientific 

effort. (~ 47) . 
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AFll'IDAVIT OF ANN S. llAEST, Ph.D. 

I, Ann S. Maest, state under penalty of perjury as follows: 

1. I make this affidavit to demonstrate that the proposed bin
scale tests will provide very little information which ts useful for 
conducting a performance assessment of the WIPP site. The bin-scale 
tests certainly cannot be regarded as necessary to a performance 
assessment. 

2. I am an aqueous geochemtst working as a technical 
environmental consultant in Boulder, Colorado. My area of expertise ts 
the fate and transport of contaminants in groundwater I aquifer and 
surface water systems. For my dissertation at Princeton University 
( 1984) I conducted high temperature and pressure laboratory 
experiments that simulated the near-field environment in a high level 
radioactive water repository. These experiments and subsequent 
publications investigated the effects of temperature and chelating 
agents (used to decontaminate radioactive materials and nuclear 
power plants, etc.) on the transport of radionuclides in subsurface 
environments. While at the U.S. Geological Survey in Menlo Park, 
California (1983-1989), I conducted field, laboratory and experimental 
work and have published on deep-basin brines. This work included 
geochemical modeling of heavy metal transport and organic 
complexing under highly saline conditions. These research studies 
have direct relevance to tests proposed to be conducted at the WIPP 
site in New Mexico. While at the Environmental Defense Fund in 
Washington, D.C. (1989-1991), I filed joint comments to the EPA on 
DOE's RCRA No-Migration Petition for conducting tests at the WIPP 
site (June 5. 1990) (see Attachment 1). 

3. The bin tests, as described in the Test Plan and Final Safety 
Analysts Report (FSAR) and Addendum will provide very little, if any, 
relevant data for determining the long-term safety and viability of 
disposal of TR.U waste at the WIPP site. The reasoning for this 
statement is four-fold: 1) there ts inadequate waste characterization of 
the test bin materials; 2), only the gas phase will be analyzed during 
the bin tests; 3) test conditions have little relevance to actual 
repository conditions, and 4) the bin tests have little relevance to RH
TR.U wastes. In addition to the scientific inadequacy of the bin tests, 
safety factors (discussed in the August 9, 1991 Environmental 
Evaluation Group letter to Arlen Hunt) render the conducting of the 
bin tests in-situ extremely dangerous, especially to workers at the 
WIPP site . 
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4. Inadeg,uate waste characterization. The pre-test waste 
characterization includes: headspace gas sampling, radionuclide 
distribution analysis, assay of test wastes, identification of methods for 
analyzing TRU mixed wastes for RCRA hazardous constituents, use of 
Real Time Radiography and videotape, and ensuring test wastes 
comply with WIPP Acceptance Criteria, Revision 3 and TRUPACT II 
Authorized Methods for Payload Control (FSAR Addendum, pg. 1-6, 
July 1991). Wastes that fall outside of the "envelope" described by the 
12 parameters listed in the FSAR Mdendum (pg. 1-6) may either be 
reprocessed, used in tests without analysis, or an analysis will be 
performed to show the non-representative wastes can meet 
Performance Assessment requirements. Although "assay of test 
wastes" could result in an adequate waste characterization, this term 
can imply either quantitative or qualitative analysis, and a detailed 
analytical plan must be submitted before tests begin. "Identification of 
methods for analyzing TRU mixed wastes ... " does not imply that the 
mixed wastes will actually be analyzed, only that methods will be 
identified. 

5. In the RCRA Conditional No-Migration determination for the 
test phase, EPA stated that "headspace testing of every drum or 
individual container on a continuing basis may pose a significant 
burden on DOE ... once sufficient data have been collected, however, 
EPA will consider the extent to which continued testing is necessary" 
(55FR47717, Nov. 14, 1990). If continued waste characterization is 
not deemed necessary, knowledge of the composition of the bin 
contents will then rely upon "process knowledge." Under previous 
reliance on process description, DOE predicted that hazardous 
constituents would not be present, yet subsequent analyses indicated 
that they were present (55FR13087, Apr. 6, 1990). 

6. If starting materials are not fully characterized, starting 
compositions will be unknown and the mechanisms for the 
experimental results produced will be unknown. If the mechanisms 
are unknown, it is impossible to write the reactions and equations 
required for modeling the fate of waste in the repository. Without 
adequate waste characterization, the fate and transport of waste in the 
subsurface (i.e., in the Culebra Dolomite or marker beds) cannot be 
modeled. Uncertainties about gas generation rate and potential are in 
large part based on inadequate waste characterization. 

7. Only laboratory tests will be able to outline the range of 
conditions and concentrations that are acceptable or not acceptable 
for disposal of wastes at WIPP. Wastes to be disposed of can then be 
characterized to determine if they fall within acceptable ranges, given 
an assumed aquifer composition and hydrophysicochemical and 
biological conditions. If wastes do not fall in these pre-determined 
acceptable ranges, treatment or reprocessing must be conducted. The 
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bin tests, as described, will provide very little, if any, information 
necessary to evaluate the fate and transport of wastes in the repository . 

8. Only the iaS phase will be analyzed durtn" bin tests. 
Headspace analyses are only acceptable for homogeneous wastes with 
high vapor pressure where the starting composition and volumes are 
well known. For heterogeneous mixtures with different partitioning 
coefficients between liquid and vapor, liquid analyses must also be 
conducted. The generation of gas in the bins and in the repository, if 
wastes are emplaced, is a function of changes in the composition of 

· starting materials, including organic sludges and corrosive metal 
solids and metals in inorganic and organic sludges. Biological 
reactions do not always result in products that are exclusively in the 
gaseous phases. For example, acetaldehyde, a soluble metabolite, can 
form from fermentation of C2 compounds. Without analysis of the 
dissolved and solid phases in the test bins during experiments, the 
reactions taking place in the bin cannot be determined. A rate 
expression is always written as a function of changes in the starting 
materials. If the rate is more than first order with respect to the 
starting materials, an analysis of materials at the end of the 
experiment will miss important information that relates to the initial 
rate of gas generation. Therefore, without analyzing changes in the 
starting materials with time during the experiment, the rate of gas 
generation cannot be quantitatively determined. 

9. Relevance to actual repositmy conditions. As stated in the 
Test Plan (Jan 1990), the bin-scale tests "do not directly experience 
the impacts of the repository environment on waste degradation (p. 
28). "Each bin will function as a nominally independent, isolated 
(emphasis added}, and controlled test system." (p.32) ''The leak-ti"ht 
(emphasis added) bins will have a closely controlled and sealed test 
environment ... " (p. 36) Clearly, and as stated in the Test Plan, "it isn't 
mandatory that bin-scale tests be conducted the WIPP ... " (p. 28). 
Conducting bin tests on the surface in a quarantined, controlled 
environment would result in better temperature control, easier access 
for sampling, attainment of quicker results, minimization of costs, and 
an alleviation of waste transport,· repository safety, and retrtevability 
concerns. In light of serious questions concerning the retrtevability 
and safety of underground tests, and the fact that bin test will not 
"see" repository conditions, laboratory tests and better designed at
surface bin-scale test are the only appropriate tests to conduct to meet 
the goals of the test plan. 

10. As stated in the FSARAddendum (July, 1991), 'The DOE 
must gather sufficient data during the Bin-Scale Test to demonstrate 
that no hazardous wastes will migrate beyond the disposal unit 
boundary for 10,000 years after closure. One of the principal 
questions ... is the rate of gas generation and the potential for gas 
pressure to exceed lithostatic. pressure and cause the rock to 
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fracture ... " (p. 3-3). Experiments designed to determine how much 
gas will be generated will not, alone, answer questions about the effect 
of greater than lithostatic pressure building up in the repository. The -
bin-scale tests will not be able to simulate dissipation of gas into the 
Salado; only laboratory tests can provide the high pressure gas results 
needed to determine if gas generation and dissipation will be a major 
concern for complying with 40CFR191B and for meeting conditions of 
the final No-Migration Petition. According to experts in the field 
(John Bredehoeft), even with the laboratory experiments, it is unclear 
that gas dissipation can be adequately quantified because of the 
uncertainties associated with the permeability cut-off for the validity of 
Darcy's flow (see Bredehoeft, J.D., 'Will salt repositories be dry?" Eos, 
121, 1988). According to Bredehoeft's research, if Darcy flow applies 
only in the near-field environment, this will minimize brine inflow but 
maximize potential for build up of greater than lithostatic pressures in 
the repository. These uncertainties mandate that treatment or 
reprocessing of wastes that are capable of generating unacceptable 
levels of gas be seriously evaluated. 

11. As discussed in Neill and Chaturvedi ("Status of the WIPP 
Project", Presented at the Waste Management '91 Conference at 
Tucson, AZ, March 1991, p. 9), the bin-scale tests will most likely 
require purging of bins to lower concentrations of flammable gases. 
The effects of purging on the validity of the bin-scale tests is currently 
unknown. However, purging will either change the total pressure in 
the bins or change the composition of gases in the bin or both. This 
will certainly shift the equilibrium in the purged bins and change the 
reactant:product ratio, which will likely change the rate and character 
of gas generation. These changes will likely render the results 
uninterpretable, although -- as discussed previously -- the results are 
already expected to be uninterpretable because of inadequate waste 
characterization and the lack of sampling of non-volatile phases during 
the bin-scale experiments. 

12. The bin-scale tests are also expected to have less relevance 
to the repository environment because of the composition of the 
artificial brine being used. The brine composition is described as 95% 
artificial brine ("Brine A") and 5% actual Salado brine. The artificial 
brine contains no organic compounds, such as those that may be 
present in actual Salado brine. The presence of these organic 
compounds, i.e., acetate, could greatly influence gas generation and 
consumption. Salado brines must be analyzed for acetate and other 
metabolites, and these should be added in appropriate amounts to the 
experiments conducted, both laboratory and bin-scale. In addition, 
the use of only a small percentage of Salado brine and salt may 
minimize microbial reactions in the experiments. If anything, 
microbes present in the Salado should be isolated and inoculated into 
experiments in concentrated amounts in order to speed up reaction 
time and minimize the length of the experiments. Finally, the wet bin 
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tests may be conducted with 10% brine to simulate saturated 
conditions. However, only <l % brine is allowable according to WIPP 
Waste Acceptance Criteria, if wastes are to be shipped to another site 
for disposal after testing. 

13. Bin tests have llille relevance to Rli-TRU wastes. The bin
scale tests, as planned, will not simulate the behavior of RH (remote 
handled) TRU wastes. RH-TRU wastes are intended to be placed in 
casks directly into holes in the Salado walls. Although there are 
smaller amounts of RH-TRU wastes, compared to amounts of CH 
(contact handled)-TRU wastes, 7500 casks of RH-TRU wastes are 
proposed to be disposed of at WIPP. These wastes are a greater safety 
concern than the CH-TRU wastes, and their behavior must be 
simulated, preferably in laboratory tests, in order to meet 
requirements of the final RCRA No-Migration petition. 

14. Superiority of laboratory tests. The only advantages of the 
bin-scale tests are that they use actual waste and they are at a scale 
closer to reality. With adequate waste characterization, actual waste 
would not need to be used in any tests. Laboratory tests are more 
reproducible because they are more easily controlled and they can 
bracket possible acceptable compositional ranges, once waste 
characteristics are identified. Laboratory tests are the only tests that 
can predict chemical behavior and transport of hazardous and 
radioactive constituents in the repository under varying pH, Eh, and 
pressure regimes. They are also the only means for estimating the 
importance of chelation and colloidal transport, which are potentially 
important release mechanisms for contaminants to the surface 
environment. The effect of organic compounds and solvents. chelating 
agents and microbial inoculants that are present in actual waste and 
the repository can be evaluated under more controlled conditions in 
laboratory experiments. And, as discussed above, only the laboratory 
test are capable of simulating gas dissipation into the repository -- a 
very important parameter for determining potential for migration of 
hazardous or contaminated materials beyond the facility boundary. 

15. Finally, and importantly, the bin-scale tests as designed will 
not allow for separation of the effects of different components of the 
waste package on gas generation and consumption. As stated in the 
FSAR Addendum, only laboratory tests can "facilitate quantification of 
the effects of significant chemical processes under experimental 
conditions that isolate each process from the effects of other 
processes, yet are nonetheless realistic" (p. 1-6). Without thJ.s 
isolation of processes, reactions for determining migration potential 
cannot be written, and transport of contaminants cannot be modeled. 
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16. In conclusion, based on scientific and safety concerns, the 
bin-scale tests as designed place considerable and unnecessary risk on 
human health and will provide very little, if any, interpretable 
information for determining the behavior of hazardous and radioactive 
constituents in the repository over time. 

I declare under penalty of perjury, that the foregoing is true and 
correct. 

__ ~~~~~_:_ifjgY!C _______ _ Ann~daest, Ph.D. 
1085 8th Street 
Boulder, CO 80302 

Executed in Boulder, Colorado on /6 October, 1991. ---
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ATTACHMENT 1 

JOINT COMMENTS ON 
THE PROPOSED CONDITIONAL "NO MIGRATION" VARIANCE FROM 

LAND DISPOSAL RESTRICTIONS TO THE DEPARTMENT OF ENERGY'S 
WASTE ISOLATION PILOT PLANT (WIPP) 

55 Federal Register 13008 (April 6, 1990) 

June 5, 1990 

Submitted By: 

NATURAL RESOURCES DEFENSE COUNCIL 
1350 New York Avenue, N.W., Suite 300 

Washington, D.C. 20005 
(202) 783-7800 

STATE OF TEXAS 
The Attorney General of Texas 

P.O. Box 12548 
Austin, Texas 78711-2548 

(512) 463-2012 

ENVIRONMENTAL DEFENSE FUND 
1405 Arapahoe Avenue 

Boulder, Colorado 80302 
(303) 440-4901 

HAZARDOUS WASTE TREATMENT COUNCIL 
1440 New York Avenue, N.W., Suite 31 O 

Washington, D.C. 20005 
(202) 783-0870 

CONCERNED CITtZENS FOR NUCLEAR SAFETY 
711 Calle Grillo 

Santa Fe, New Mexico 87501 
(505) 986-1973 

SOUTHWEST RESEARCH AND INFORMATION CENTER 
P.O. Box 4524 

Albuquerque, New Mexico 87106 
{505) 262-1862 
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example, the content• ot unbroken bottle• and viala, and the 

solvent• in cruated sludqe will not be accurately detected in the 

vapor at the top ot a drwa. 

2. Int•Z'9r&nular Brine szaoerbatea Gas GeAeration 
•rol»l ... 

Th• relatively recent recoqnition that the WIPP 

repository i• not a dry repository but instead contain• up to two 

percent brine, 8 ha• iaportant iaplicationa for qaa qeneration 

and dissipation, and therefore repository inteqrity and safety, 

at WIPP. Brines collected from the floor holes and weeps at WIPP 

have much hiqher potassiwa to maqnesium ratios than, and are 

otherwise qeocheaically distinct from, fluid inclusions in the 

Salado Formation.M This indicates that interqranular brine may 

be present in the Salado Formation. 

DOE previously believed that brines were only present 

in fluid inclusions in the salt and that heat would be required 

to cause miqration of these brines toward the waste. In tact, 

miqration ot the interqranular brine• can be driven solely by 

pressure qradienta and need not be driven only by thermal 

qradients, which ia the case for fluid incluaiona. Therefore, 

the excavations of roo .. in the repository has and will continue 

8 55 l.§g. Bml· 13080, April 6, 1990 

M Stein, c.L. and JCr\mhansl, JL 1986. Chemistry of Brines in 
Salt from the Waste Isolation Pilot Plant CWIPP>. Soutbeastern 
Ney Mexico; A Pr•liainary Inyestigation, SAND85-0897, Sandia 
National Laboratoriea, Albuquerque, New Mexico: and DOB 1989, 
Draft supplemental Enyirorupental Impact Statement, Volumes 1 and 
2, OOE/EIS-0026-DS, at p. 4-31, Fiqure 4.10. 
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to cause brine to ai9rat• to areas where the TRU waste i• 

intended to be atored. 

Aa brine accuaulatea in th• roo-, corrosion ot the 

I 
I 
I 

drums in which th• wast•• are atored will produce hydroqen gas J 
via oxidation ot th• caniaters. In addition, radiolytic and 

microbial processes will al•o produce gaa. The low permeability 

ot th• Salado and th• presence ot interqranular brine will 

inhibit diftu•ion of qaa into the Salado Formation, resulting in 

back pressure that could cause greater than lithostatic pressure 

to develop. 

Thia situation is unacceptable in the repository 

because it may result in, as stated by EPA, 17 near-field 

tracturin9 of th• Salado, impedin9 the structural closin9 of the 

repository and/or the escape of gases or brines around the shaft 

and panel seals. 

3. Laboratory, •ot Repository Bzperiaeats, are ••e4e4 
to Resolve concern• about Bzcee4iaq Litboatatic 
•r•••ur•• 

In it• proposed variance, EPA stated that the potential 

for gas pressure exceedinq lithoatatic •will not be a concern 

during the teat phase.•• Testa desiqned to quantity the rate of 

gas generation alone will not answer questions about th• effect 

of greater than lithoatatic pressure• on the integrity ot the 

repository (A!lA Section IV.A.). Clearly, it the roolllS take up to 

17 55 ~. 8-SI· 13083, April 6, 1990. 

81 55 ~. ~. 13083, April 6, 1990. 
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200 year• to close around the waate, this cannot be aiaulated in

situ, and instead require• laboratory experiaenta to address the 

effect ot the preaence of 9aa at 9reater than lithoatatic 

pressure in th• repoaitory. 

Th• cloainq of th• roou in th• repoaitory is a 

function of the rate ot salt creep, the existence ot a pressure 

9radient between brine in the f orJaation and brine in th• 

excavated areas and th• preaaure ot 9aa .. in th• repoaitory after 

waste emplacement.• Aa lon9 as a pressure 9radient exists, 

brines will continue to ai9rate toward the excavated areas. If 

9as pressure• build up in the rooms containing the waste to 

9reater than lithostatic pressure, this could cause the 

repository to reaain open indefinitely. Th• coaplexity and 

lenqth of tiae to rooa closure could vary fro• 100 years~ to an 

indefinite amount of time. This clearly indicates that the 

process cannot be aimulated in-situ, and instead requires 

laboratory experiaenta to address the effect on the repository. 

These experiaents should be conducted in hi9h-te11p9rature-and

pressure autoclaves uainq representative repoaitory aateriala, 

brine•, and radio-labelled 9ases. 

The release of less than 5 aoles/drua/year of 9as at a 

permeability of 10_, to 10..,. darcy in the presence of saturated 

" Chaturvedi, L, Channell, JX, and Chapman, JB, 1988, •Potential 
Problems Resulting fro• the Plans for the First Five Years of the 
WIPP Project,• Waste Management 1 88, Edited by R.G. Poat and 
M.E. Wacks, Vol 2, pp. 355-364. 

~Nowak, E.J., 1988, "Assessment of Brine Inflow to WIPP 
Disposal Rooms,• Sandia National Laboratory. 
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pore •pac•• in the Salado will lead to aine intlation. 91 In 

order to avoid thi• •c•nario and ita negative implication• tor 

repo•itory int9qrity and •afety, treataent of th• waste• before 

emplac .. ent should be seriously considered. 

J. 

1. •.a Illproperl~ &aaepta DO•'• Inaccurate Brine 
ll04•llin9 an4 aaaplin9 ••tbo4a 

The second potential loncJ-t•rm aiqration route of 

hazardous constituents out of WIPP is via th• seepa9• of brine to 

usable aquifer• or to the surface. EPA currently believe• that 

brine inflow ia stress-driven and there is little to no 

contribution fro• far-field brine mi9ration. Thia belief i• 

contradicted by Bredehoeft•s92 and other•' view• that 

permeabilities (which have been measured and used in their 

calculations) in the tar-field are low, but that Darcy flow does 

apply throu9hout the repository, and brine inflow in the near

field is controlled by far-field permeability. The assumption of 

Darcy flow in the far-field ia thought by EPA to be conaervative 

because it doe• not result in a zero far-field flow rate and 

does93 indicate .axiaua brine inflow. However, this is not 

conservative for 9aa diasipation in to the Salado if the 

inter9ranular areas are saturated with brine. What ia 

~ Chaturvedi, 1988. 

92 Bredehoeft, J.D., •will Salt Repositories be Dry?• 12a, 121, 
1988 • 

93 Error at 55 ~. Bml· 13080. 
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conservative for brine inflow ia non-conservative for gas 

dissipation if the interqranular areas are aaturated with brine. 

If far-field Darcy flow ia aaauaed, JIOdelinq will 

result in the .. xiaua amount of brine enterin9 the repoaitory 

room• but it will allow aaxiaua gaa diaaipation into the Salado. 

If Darcy per11eability ia valid only in diaturbed area• but zero 

far-field peraeability ia asauaed, the •odel will predict l••• 

brine •i9ratinq into the roo-, but there will also be less 

dissipation of gaa into the repository. Hence, it is iapoaaible 

to optiaize for both •ini•wa brine inflow and aaxiaua gaa 

dissipation. It is also possible that the question of Darcy tlow 

vs. non-Darcy flow cannot be resolved by field measurements. In 

addition, there ia no consensus among hydroloqiats about the 

permeability of cutoffs tor the validity of Darcy flow. 

There are also problems with the estimation ot the 

amount ot brine inflow to the WIPP site. The aethods by which 

the brine is collected are inaccurate and in many cases this aay 

severely underestimate the quantity ot brine inflow to the 

repository. Extell9ive evaporation was shown to occur durinq 

sample collection, and the bailinq techniques used to reaove the 

brine did not r .. ove all of the brine in the holea.M Both of 

these conditions underestimate brine inflow. In some cases the 

volume of brine was estimated by using the height and average 

diameter ot the coluan instead ot physically collecting the 

brine. Because of salt creep the columns can defora 

M SEIS, at p. E-6 
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siqnificantly, rendering thia technique extremely inaccurate. In 

addition, ateady-atate brine inflow condition• aay be detenained 

only fro• aany year• of obaervation, 95 and becauae of 

heterogeneiti•• in th• Salado proxiaal hole• produced very 

different amount• of brine. All th••• inaccuraciea and 

uncertainti•• engender very little faith in the ••aaured 

estimates of brine inflow, which can clearly at this point only 

be considered ainiJIUJI valuea. Better aaaple collection 

procedures should be imple•ented for brine inflow atudiea 

conducted during th• test period, especially those that ainiaize 

evaporation of brine and allow for accurate collection of brine 

in sample holes. 

2. •v& Iaproperly Accept• DO••• Optiaiatio 
&anmptiou Al)out the VOtential for DiaaolutioD 

EPA states that shallow dissolution in the Salado can 

only occur if halite-undersaturated waters gain access to the 

Rustler Formation, and that this will not occur because the 

Rustler/Salado contact contain• water that ia aaturated with 

respect to halite.• However, DOE'• SEIS indicate• that the 

total range of total diaaolved solids (TDS) in Rustler Poraation 

water vari•• between 4000 - 300,000 mg/l, that Rustler water 

"Deal, O.E., 1981. Brine Seepage to the Waste Isolation WIPP 
excavations. conference waste Management, 1988 Proceeding of 
Feb. 28-March 3, 1988, University of Arizona. 

t6 55 l§sl. ~. 13081, April 6, 1990. 
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chemistry i• aore variable than originally thought, and that more 

sampling ia indicated. 97 

In it• proposed variance, EPA deacribed flow aa being 

upward through th• Ruatler and away froa the Salado, and 

concluded that diaaolution of th• Salado froa Ruatler water• 

should not be a concern. 911 In the SEIS, however, flow i• 

described a• being downward toward th• Salado if the Bell canyon 

and the Rustler were interconnected." Thi• aituation could 

develop as a result of: (1) hwaan intrusion, (2) the developaent 

of dissolution feature• in th• Salado and/or (3) th• release of a 

radioactive slurry to the surface. Since there are potentially 

economic materials present at and near the repository (potaah, 

oil and gas), and because EPA can only assume knowledge of the 

repository for 100 years after decommissioning and the wastes 

will remain hazardoua for far longer, human intrusion scenarios 

should be considered during the test phase. 

In addition to intergranular brine, water fro• the 

Rustler Formation ha• been shown to leak into the Salado, when no 

grouting is used, at a rate of 60 ml/second. 100 Thia i• not a 

non-trivial rate. 101 Th• concrete-lininq and grouting of th• 

91 SEIS, 1989, at p. 4-17. 
911 55 l,8d. Big. 13081, April 6, 1990. 

~ SEIS, 1989, p. 4-16. 
100 55 .[§s1 • .Bgg. 13080, April 6, 1990. 
101 0.06 l/sec x 60 sec/min x 60 min/hr. x 24 hr./day x 365.25 
days/yr x 200 years• 378,691,200 1/200 years • 100 aillion 
gallons/200 years. 
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shatta will liait inflow of Rustler Foraation water to the Salado 

with proper aaintenance over th• operatinq life of th• facility. 

However, it ia questionable that proper maintenance of the shafts 

will continue unabated and without fail for 200 years. It ia 

possible that leakinq fro• th• Rustler could cause the formation 

of breccia pipea. 1a Mod•linq exerci••• should conaider what 

amount of leakinq of undersaturated waters fro• the Rustler to 

the Salado can occur without the foraation of shallow diaaolution 

feature or breccia pipea. 

Only two breccia pipes were tested in the WIPP area. 

These were found to be related to soluble units overlyinq th• 

Capitan Reef. EPA'• proposed variance considers two scenarios 

for collapse: formation of caverns inside the Capitan or the 

influx of water to th• Salado from outside sources throuqh 

fractures. EPA then conclude• (based on DOB concluaiona) that 

there is not a potential problem because the Capitan Foraation 

does not underlie the WIPP aite. Thia does not address th• 

second possibility for formation of breccia pipes, the influx of 

water fro• outside sources, for instance fro• the Rustler or 

alonq marker beda. More breccia pipes should be exaained in the 

area, and alternative sources of water should be considered and 

modeled during th• teat phase. 

Related uncertainties involve the chaaistry of the 

backfill material• and the brines. The clays used as backfill 

1m Conduits to the surface formed from dissolution of salt at 
depth by waters undersaturated with respect to halite. 
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material• cannot be modeled uain9 •quilibriUll theraodynuaic 

models because they are not stoichiometric aineral aase.abla9es. 

Thia necessitates that a number ot laboratory experlllent• be 

conducted with a repreaentative saaplillCJ ot the backfill 

material• to deteraine how it will behave under repoaitory 

conditions. Th• dissolved orc;anic carbon content and coJ1PQsition 

ot the brines ia not autticiently known. If hydrocarbon 9aaea 

are 9enerated, the interaction between these 9aaea and dissolved 

or9anic constituent• in the brine• should be considered duri119 

the test phase. A more coaplete characterization of the orc;anic 

composition ot the Salado brine• is indicated. 

JC. •PA 1 8 COllDI'l'IOD.L "llO-llIQll'f'IO• VllXUCa• 18 &C'l'VALLY A 
"'1'1'0-llILBS-01'-llIQUTIO• VUXUCB" 

As discussed above, in EPA'• proposed variance, 1m 

Conqress established a •no-mi9ration" standard •for as long as 

the wastes remain hazardous.• For WIPP, the A9•ncy interprets 

"no migration" as allowinq aiqration ot two ailea in any 

direction to the boundary ot th• 4-aile by 4-ail• site. 1°' Such 

an interpretation is totally contrary to the conqreaaional intent 

and can in no way be supported. EPA aust reject any 

interpretation that would allow any wastes to migrate to th• 

boundary of the site. 

tm 55 l.Csi· s.g. at 13072-13073. 
104 55 l§s;l. B§SI. at 13075. 
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SUMMARY OF AFFIDAVIT OF 
MARVIN RESNIKOFF, Ph.D. 

Dr. Resnikoff is a physicist who specializes in issues 

related to the transportation of nuclear waste. 

Dr. Resnikoff concludes that the DOE's evaluations of risk 

associated with the transportation of nuclear waste to the WIPP 

site greatly underestimate the probability and consequences of a 

transportation accident. (! 2) • 

Regarding the probability of a transportation accident, the 

DOE uses an unrealistically low accident rate for trucks. The 

DOE also incorrectly assumes the probability of an impact and the 

probability of a fire are independent. The consequences of both 

events occurring simultaneously is much more severe then if they 

occur independently. (! 14). 

The DOE employs an outdated and low number to est:lmate 

cancer fatalities resulting from a transportation accident. The 

present factor employed by the National Academy of Sciences is a 

factor of four greater. (! 20). The DOE exercises conducted in 

Colorado and Artesia, New Mexico assume a minor accident. A fire 

and major release would easily overcome the capabilities of 

emergency personnel whose training in preparation for a radiation 

related accident is inadequate. The notion that such personnel 

could be trained and equipped to wash out the lungs of downwind 

persons who inhale plutonium is preposterous. (! 21) • 
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UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 

STATE OF NEW MEXICO, ex rel. 
TOM UDALL, Attorney General 

Plaintiffs, 

v. 

) 
) 
) 
) 
) 
) 
) 

JAMES D. WATKINS, Secretary of ) 
the Department of Energy, MANUEL ) 
LUJAN, JR., Secretary of the ) 
Department of the Interior, ) 
DAVE O'NEAL, Assistant Secretary ) 
of the Department of the Interior, ) 
CY JAMISON, Director of the Bureau ) 
of Land Management, United States ) 
Department of the Interior, ) 

Defendants. 
) 
) 

Civ Action No. 91-2527 
(JGP) 

Affidavit Of Marvin Resnikoff, Ph.D. 

I, Marvin Resnikoff, being first duly sworn, depose and state as follows: 

1. I am Senior Associate at Radioactive Waste Management Associates, a 

private consulting firm based in New York City. Our office is located at 306 W. 38th 

Street, New York, NY 10018. My resume is attached as Exhibit A. A description of 

Radioactive Waste Management Associates and a list of our present clients is attached as 

Exhibit B. 

2. I am a physicist and have worked full-time on radioactive waste issues, 

including high-level waste transportation and storage issues, since 1974. I make this 

affidavit to show the Court that the Department of Energy's evaluation of risks associated 

with the transportation of nuclear wastes to the WIPP site greatly underestimates the 

probability and consequences of a transportation accident. 
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U.S. District Court, District of Columbia 
Civil Action No. 91-2527 (JGP) 

Affidavit of Dr. Marvin Resnikoff 
Page2 

3. In 1983, I prepared affidavits on behalf of Southwest Research and 

Information Center in a proceeding before the U.S. District Court regarding the adequacy 

of the "Preliminary WIPP Transportation Analysis," prepared by Westinghouse for the 

Department of Energy. Southwest Research and Information Center is a public interest 

organization based in Albuquerque, New Mexico. I concluded that the WIPP Final 

Environmental Impact Statement (FEIS) was not adequate in its discussion of the risks 

associated with the transportation of nuclear wastes to the WIPP site. There, like here, it 

underestimated the probability and consequences of a transportation accident. 

4. In 1990 and 1991 I prepared affidavits on behalf of the Sierra Club Legal 

Defense Fund in a federal court suit regarding the adequacy of the Department of 

Energy's Environmental Assessment for shipments of irradiated fuel from Taiwan 

through Portsmouth, Virginia. In 1986, I prepared an affidavit on behalf of the 

Northwest Inland Water Resources on the same issue for shipments through West Coast 

ports. As a result of the latter court action, the U.S. District Court for the District of 

Washington required the Department of Energy to draft an Environmental A')sessment. 

5. In addition to the federal court suit of the Sierra Club Legal Defense Fund, 

I am presently working on high-level waste transportation issues for the Nuclear Waste 

Projects Office, State of Nevada. These two projects involve transport cask vulnerability 

and risk assessment. I am also working on a range of low-level waste and nuclear fuel 

cycle issues. 

6. During the two year period 1981-1983, I directed a study on the 

transportation and storage of nuclear waste for the Council of Economic Priorities, a New 

York based research organization. The study I co-authored titled, The Next Nuclear 

Gamble, Transportation and Storage of Nuclear Waste, details the hazard of transporting 
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U.S. District Court, District of Columbia 
Civil Action No. 91-2527 (JGP) 

Affidavit of Dr. Marvin Resnikoff 
Page3 

nuclear fuel and outlines safer options. During the course of this investigation I read 

hundreds of reports on the transportation and storage of nuclear materials, including 

every major study published by the Department of Energy, the Department of 

Transportation and the Nuclear Regulatory Commission. In my present position, I 

continue to keep abreast of the latest developments in the field of high-level waste 

transportation and storage. 

7. In 1987 I was a consultant to the State of Alaska Attorney General on the 

subject of air transportation of plutonium. In 1985, I served as a consultant to the State 

of Utah in preparing comments on the transportation sections of the draft Environmental 

Assessments for a high-level waste repository in Utah. In 1984, I served as a consultant 

to the Town and Country Planning Association on the transportation of nuclear fuel 

through London, and prepared testimony for the Sizewell B Public Inquiry. I have served 

as a consultant to the Illinois Attorney General on the expansion of the spent fuel pools at 

GE's Morris Operation and Commonwealth Edison's Zion reactors. I was part of an 

international team of experts for the State of Lower Saxony, West Germany, the 

Gorleben International Review, which reviewed the plans of the nuclear industry to 

locate a reprocessing and waste disposal operation at Gorleben, West Germany. In 1983, 

I completed a study for the US Environmental Protection Agency on the costs/benefits of 

recycling plutonium. In 1975 I prepared affidavits on behalf of the New York Attorney 

General in proceedings before the U.S. District Court, New York, on air shipments of 

plutonium through New York's Kennedy Airport, and transport of irradiated fuel through 

New York City. I was an invited speaker at the 1976 Canadian meeting of the American 

Nuclear Society to discuss the risk of transporting plutonium by air . 
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U.S. District Court, District of Columbia 
Civil Action No. 91-2527 (JGP) 

Affidavit of Dr. Marvin Resnikoff 
Page4 

8. I have testified over 30 times before State Legislatures and the U.S. 

Congress as an expert on issues related to nuclear energy, including the economics of 

reprocessing, the long-term radiation hazards of decommissioning nuclear reactors, and 

the problems of transporting nuclear materials. 

9. Between 1974 and 1981, I was employed as a lecturer at Rachel Carson 

College, an undergraduate environmental studies division of the State University of New 

York at Buffalo, where I taught energy courses. During the years 1975- 1977 I also 

worked for the New York Public Interest Research Group. In 1973 I was a Fulbright 

lecturer in the area of group theory and particle physics at Universidad de Chile in 

Santiago, Chile. From 1967 to 1973 I was an Assistant Professor of Physics at the State 

University of New York at Buffalo. I have written numerous papers in the area of 

particle physics, performed under grants from the National Science Foundation . 

10. In 1965 I graduated from the University of Michigan with a Doctor of 

Philosophy in Theoretical Physics, specializing in group theory and particle physics. I 

received a Bachelors of Arts and Masters of Science in mathematics and physics from the 

same institution. 

11. In preparing this affidavit, I have carefully reviewed the Department of 

Energy's FSEISl, the Department's preparations for the proposed shipments of 

plutonium-contaminated waste to the WIPP facility and a report on nuclear transportation 

by the Western Governor's Association. I also reviewed the affidavit of Robert C. Ricks 

in this proceeding. As an independent check of the Department's calculations of the 

consequences of an accident in transporting plutonium-contaminated waste to the WIPP 

1 Department of Energy, Final Suppkmental Environmental Impact Statement, Waste Isolation Pilot Plant, DOE!EIS-0026-FS, 
January 1990. 
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U.S. District Court, District of Columbia 
Civil Action No. 91-2527 (JGP) 

Affidavit of Dr. Marvin Resnikoff 
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facility, I employed the computer program PATHRAE-T, developed from an 

Environmental Protection Agency computer code by a Department of Energy contractor2, 

to calculate the downwind lung doses due to a credible transportation accident. 

12. Since the TRUPACT-11 containers have not been tested to destruction, it is 

impossible to know with certainty how much radioactivity would be released in a severe 

accident. The Department estimates that 0.02% of the radioactive inventory of three 

TRUPACT-11 containers would be released to the environment in respirable form. This 

is based on high-level waste cask data. But this argument by analogy is flawed because 

high-level waste casks are much more sturdily constructed, with at least four inches of 

stainless steel and at least five inches of lead (or uranium). In contrast, the TRUPACT-11 

container has 3/4 inches of stainless steel and 10 inches of foam. In a severe accident, a 

much greater fraction of the contents are likely to be released compared to a high-level 

waste container. According to estimates by Nuclear Regulatory Commission 

contractors3, up to 2. 7% of the radioactive contents could be released from the much 

more ruggedly constructed high-level waste container. In agreement with these 

estimates, I assume 2.7% of the contents of a TRUPACT-11 container could be released 

to the environment in a severe accident. 

13. The Department underestimates the· consequences of a transportation accident 

in several other ways: 

2 RAE85A Sandquist, GM et al, Ex sures and Health Effects from S ent Fuel Tran rtation RAE-8339/12-1, prepared for the 
Department of Energy by RDgers 1ates ngmeermg rporallon, at e 1ty, November 1985. 

RAE85B Sandquist, GM et al, "The PA1HRAE-T Performance Assessment Code for Analyzing Risks from Radioactive Wastes," 
RAE-8339/12-2,Rogers & Associates Engineering Corporation, Salt Lake City, December 1985. 

3 WR Rhyne, eta/, A Scoping Study of Spent Fuel Casie Transportation Accidents, NUREG/CR-0811, prepared by Science 
Applications for the Nuclear Regulatory Commission, June 1979 . 
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U.S. District Court, District of Columbia 
Civil Action No. 91-2527 (JGP) 

Affidavit of Dr. Marvin Resnikoff 
Page6 

a. The SEIS assumes no breach of the TRUPACT-11 container. Because 

of the relatively thin walls for this type B container, a low speed puncture with a hard 

steel punch could easily breach the container and internal 55-gallon drums. 

b. With no breach of the TRUPACT-11 container, the SEIS assumes little 

internal oxygen would be available to combust the contents. The Department's 

calculations assume that only CO and not COz is generated. In contrast, Nuclear 

Regulatory Commission contractors assume that nuclear fuel could be oxidized in a high-

level waste cask accident. 

c. The SEIS does not assume steam will be generated in an accident 

involving a fire. In a thermal environment, steam could pressurize the 55-gallon drums 

and be a driving force to expel radioactive particulates. In Appendix D of the SEIS, all 

Plutonium-contaminated waste is assumed to be solid and dry, yet Appendix B states that 

some older Plutonium-contaminated waste is damp. 

14. The Department has also greatly underestimated the probability of a severe 

accident in two ways: 

a. The Department assumes that the probability of an impact and the 

probability of a fire are independent. This is incorrect since almost all high impact 

accidents are associated with fires. The consequence of both events occurring 

simultaneously is much more serious than the sum of consequences of an impact and of 

fire. 

b. The Department also takes an unrealistically low accident rate for 

trucks. The overall accident rate assumed by the Department is 1.1x10-6 accidents per 

km travelled. But the accident rate for heavy trucks, greater than five tons, is a factor of 

2.5 times greater. 
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15. If the TRUPACT-11 containers and internal 55-gallon drums were damaged 

and radioactive materials released in a severe accident involving a major fire,. the heat 

would lift a radioactive cloud which would then travel downwind. As the cloud moved 

downwind, it would disperse and radioactive particulates would settle out. Intake of 

radioactivity by downwind persons could occur in a variety of ways. Persons downwind 

would receive a radiation dose by inhaling radioactive materials. This would primarily 

contribute to a lung dose. Plutonium is an extremely carcinogenic material. In addition, 

penetrating radiation from the passing cloud would contribute to a dose to the whole 

body. Depending on the mitigating actions taken, radiation doses could also arise from 

possible contamination of water supplies and foodstuffs, including milk. Major radiation 

exposures would arise from ground contamination. Particulates which settle out of the 

passing cloud would give rise to a penetrating radiation dose which would continue until 

the area were decontaminated, or the radioactivity decayed to background levels, a period 

of several hundred years. These latter effects are ignored here. Only the potential lung 

doses are calculated. 

At greater economic cost, it is clearly possible to quarantine and decontaminate 

an area, thereby lessening the number of health effects. These economic costs were not 

calculated in the SEIS . 

16. Because of the loft due to the heat of a major fire, the highest radioactive 

concentrations would not occur near the accident, but further downwind. Other factors 

that must be taken into account are the air turbulence and wind speed. For the 

calculations conducted here, I assumed radioactivity would be lofted 20 meters under 

average turbulence (D, Pasquill) conditions. Under these conditions, most of the 

radioactivity would deposit itself in a broader cigar-shaped pattern within 60 km 
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downwind. If the meteorological conditions were instead stable, the lung doses would be 

higher, but the geographic spread would be less . 

17. Assuming average turbulence, the lung doses to downwind persons inhaling 

. plutonium are shown in the Figure, Exhibit C. Because I assume a fire lofts plutonium 

20 meters in the air, the maximum lung dose is incurred 600 meters downwind, and does 

not drop to zero until 60 km downwind. The maximum lung dose is 1200 rems, a level 

likely to cause cancer. In contrast, in Appendix D, SEIS, the Department estimates the 

maximum dose to be 0.16 rems. This dose would also be increased due to resuspension 

of plutonium, but I have ignored this effect in my calculations. In addition, I expect an 

equal number of non-fatal cancers and genetic effects. 

18. I have not estimated the total number of cancers that may be incurred. This 

depends strongly on where and when the accident takes place. If the accident takes place 

near an urban area, the population density could be higher depending on the time of day 

(rush hour, business hours) . 

19. Accident consequences are also a function of the training and equipping of 

local emergency personnel. Efficient evacuation will mean less persons inhale plutonium 

contamination. This uncertainty is not reflected in the SEIS. 

20. The number of latent cancer fatalities also depends on the assumed dose

response relationship. The dose-response relationship is the relation between population 

dose in person-rems and the number of resultant cancer fatalities. The Department 

employs an outdated and low number, 2.8 x 10-4 latent cancer fatalities for each person

rem. The present factor employed by the National Academy of Sciences is a factor of 
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four greater4. Some independent scientistsS claim the relationship should be greater by a 

factor of 12. The SEIS does not even recognize the existence of a controversy in the 

health physics community regarding this dose-effect relationship. 

2L In view of the possible consequences of a transportation accident, the training 

of emergency personnel and general preparation for a radiation-related accident appears 

pitifully inadequate. The exercises conducted in Colorado Springs6 assumes a small fire. 

The exercise program at Artesia, New Mexico also assumes a minor accident. 7 A fire 

and major release however would easily overcome the capabilities of local emergency 

personnel. The notion that sufficient emergency personnel could be trained and equipped 

to wash out the lungs of downwind persons who inhale plutonium, as claimed by Robert 

C. Ricks8, is preposterous. 

22. Likewise, the view of the Western Governors' Association9 that "states along 

the route from the Idaho National Engineering Labs and Rocky Flats are ready for the 

first test-phase shipments of contact-handled TRU-waste," is seriously open to question. 

The Western States are assured by "USDOE's commitment to use a strong shipping 

package." The Western States claim the TRUPACT-11 container, coupled with states 

efforts to prepare for an accident, "makes it unlikely that citizens will be exposed to 

dangerous levels of radiation." Indeed many components of the Western Governors' 

accident prevention and emergency preparedness program are desirable, and, if effective, 

4 National Academy of Sciences, Health Effects of Exposure to Low Levels of Ionizing Radiation, BEIR V, National Academy Press, 
1990. 

5 J Gofman, MD, Radiation-Induced Cancer from Low-Dose Exposure: An Independent Analysis, Committee for Nuclear 
Responsibility, San Francisco, 1990 

6 Department of Energy, "WIPP Shipment Exercise Program, Full-Scale Exercise," Colorado Springs, Colorado, November 8, 1990. 
7 State of New Mexico, Office of Emergency Planning and Coordination, "WIPP Shipment Exercise Program, Full-Scale Highway," 

September 14, 1991. 
8 Robert C. Ricks, "Affidavit of Robert C. Ricks, M.S., Ph.D.," October 25, 1991, US District Court for the District of Columbia, 

Civil Action No. 91-2527 (JGP). 
9 Western Governors' As.sociation, Technical Advisory Group for WIPP Transport, "Report to the Western Governors and Secretary 

of Energy, Safe Transport of Transuranic Wastes to the Waste Isolation Pilot Plant,• funded by the Department of Energy, June 
1991. 
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could reduce the consequences of an accident. Safety audits and avoidance of unsafe 

driving conditions will reduce the likelihood of an accident. But the steps being 

proposed by the Western Governors cannot eliminate severe accidents nor overcome the 

inherent design defect of the TRUPACT-11 containers, namely their thin walls, 

amounting to 3/4" of stainless steel. A severe accident with a release of plutonium could 

easily overcome local emergency facilities and personnel. 

23. In my opinion, the risk of an accident in the transportation of plutonium-

contaminated waste to the WIPP site can and should be significantly reduced, primarily 

by developing a more rugged shipping container. In addition, the Department of Energy 

State of New York ) 
) SS. 

County of New York ) 

Subscribed, sworn to and acknowledged before me this the 9th day of November, 
1991. 

My Commission Expires: 

BERNARD WASSERSTEIN 
Notary Public,, State of New York 

Ue. 01 na ~0697 
Qualified in Kings County 

Commiasion Expir .. ~ 30, 1993 

BJttfi_ 
NOTARY PUBLIC 
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Dr. Marvin Resnikoff 

Radioactive Waste Management Associates 
306 W. 38th St., Rm. 1508 
New York, NY 10018 
(212) 629-5612 

EXPERIENCE: 

507 W. lllth St, #62 
New York, NY 10025 
(212) 866-2987 

EXHIBIT A 

April 1989 - present Senior Associate, Radioactive Waste Management Associates, 
management of consulting firm focussed on radioactive waste issues, 
evaluation of nuclear transportation and military and commercial radioactive 
waste disposal facilities. 

1978 - 1981; 1983 -April 1989 Research Director, Radioactive Waste Campaign, 
directed research program for Campaign, including research for all fact 
sheets and the two books, Living Without Landfills, and Deadly Defense. The 
fact sheets dealt with low-level radioactive waste landfills, incineration of 
radioactive waste, transportation of high-level waste and decommissioning of 
nuclear reactors. Responsible for fund-raising, budget preparation and 
project management. 

1981 - 1983 Project Director, Council on Economic Priorities, directed project which 
produced the report The Next Nuclear Gamble, on transportation and storage 
of high-level waste. 

1974 - 1981 Instructor, Rachel Carson College, State University of New York at Buffalo, 
taught classes on energy and the environment, and conducted research into 
the economics of recycling of plutonium from irradiated fuel under a grant 
from the Environmental Protection Agency. 

1975 - 1976 Project Coordinator, SUNY at Buffalo, New York Public Interest Research 
Group, assisted students on research projects, including project on waste 
from decommissioning nuclear reactor. 

1973 Fulbright Fellowship at the Universidad de Chile, conducting research in 
elementary particle physics. 

1967 - 1972 Assistant Professor of Physics, SUNY at Buffalo, conducted research in 
elementary particle physics and taught range of graduate and undergraduate 
physics courses. 

1965 -1967 Research Associate, Department of Physics, University of Maryland, 
conducted research into elementary particle physics. 

•' EDUCATION 

"'' 

University of Michigan 
Ann Arbor, Michigan 

PhD in Physics, June 1965 
M.S. in Physics, Jan 1962 
B.A. in Physics/Math, June 1959 
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Reports, Publications and Papers 1985-1991 

January 1985 "U.S. Radioactive Landfill Experience," paper, presented to the Annual Institute of 
British Geographers in Leeds, England. Incorporated into Nuclear Power in Crisis: Politics and 
Planning for the Nuclear State, edited by Blowers, A., and Pepper, D., Nichols Publishing Co. 
(1987). 

February 1985 "Comments on the transportation sections of the draft Environmental Assessment for a 
high level waste repository in Utah," prepared for the State of Utah. 

March 1985 Testimony before the House Committee on Interior and Insular Affairs on the long-lived 
hazard of "low-level" radioactive waste. 

May 1985 "Radioactive Waste Incineration in Bladen County, What's Coming Out of the Stack?," 
Campaign report on the environmental impact of incinerating radioactive waste in Bladen 
County, North Carolina, 33 pages. 

August 1985 Paper submitted to the House Energy and Commerce Committee, on the hazard of long
lived low-level waste. 

September 1985 "Radioactive Waste Incineration in Parks Township, Pennsylvania, What's Coming 
Out of the Stack?," Campaign report on the environmental impact of incinerating radioactive 
waste in Parks Township, Pennsylvania, 32 pages. 

February 1986 "Alternatives to Radioactive Landfills, An Environmental Perspective," paper presented 
at the International Symposium on Alternatives to Radioactive Landfills, Chicago, Ill. Paper 
incorporated in the Proceedings, published by the Illinois Dept of Nuclear Safety and the Central 
Midwest Compact Commission. 

June 1986 "Feed Materials Production Center, Uranium Contamination of Off-site Wells," Campaign 
report prepared with Dana Coyle on the health impact of uranium contamination of off-site 
wells, 35 pages. 

June 1986 Testimony on behalf of the Northwest Inland Waters Coalition, a public interest 
organization, for the Federal District Court, State of Washington, on the need for an 
Environmental Impact Statement to evaluate the import of irradiated nuclear fuel from Taiwan 
through the Port of Seattle . 

July 1986 Paper on the Kerr-McGee uranium conversion facility near Salisaw, Oklahoma presented to 
conference organized by Native Americans for a Clean Environment. 

July 1986 
September 1986 Affidavit in Federal Court in New York City on behalf of a Warwick, New York 

public interest group (WARD), and in New Jersey State Courts on behalf of the New York-New 
Jersey Trails Conference, opposing plans by the New Jersey Department of Environmental 
Protection to move radium residues from Montclair to Vernon, New Jersey. 

August, 1986 Supplement to June 1986 Campaign report on the Feed Materials Production Center 
discussing contamination of public water supplies, 20 pages. 

September 1986 "Disposal of high-level waste in Canada," paper presented at high-1,evel waste 
conference, Winnipeg, Manitoba. Workshop on the transportation of irradiated fuel in Canada. 
Incorporated into Challenges to Nuclear Waste, Proceedings of Nuclear Waste Issues 
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Conference, Sept 12-14, 1986, edited by Weiser, A., Concerned Citizens of Manitoba, Winnipeg, 
Manitoba, 1987. 

November 1986 Associates report to the State of Kansas on draft Request for Proposal for contractor to 
the Central States Compact, 10 pages. 

November 1986 "Transportation of irradiated fuel," paper presented to a subcommittee of the National 
Association of Attorneys General, Las Vegas, Nevada. 

December 1986 Associates affidavit prepared for the Coalition on West Valley Nuclear Wastes and the 
Radioactive Waste Campaign in a successful U.S. District Court action on the need for a federal 

·Environmental Impact Statement before disposing of low-level waste at West Valley. 

February 1987 "Off-site radioactive contamination at DOE's Oak Ridge, Tennessee facility," Campaign 
report prepared wi th Dana Coyle on radioactive leakage from the Oak Ridge Reservation, 65 
pages. 

May 1987 "At-reactor storage of irradiated fuel," paper presented at conference sponsored by Blue 
Ridge Environmental Defense League and other citizen organizations at Maryville, Tennessee. 

June 1987 Associates affidavit prepared for the Sierra Club Legal Defense Fund on the need for an 
Environmental Impact Statement before incinerating plutonium-contaminated waste at the 
Rocky Flats Plant. 

September 1987 Living Without Landfills, Campaign book on the hazard of radioactive landfills, and 
safer alternatives, 119 pages. 

September 1987 Associates affidavit prepared on behalf of the Alaska Attorney General in a U.S. 
District Court action on the need for a federal Environmental Impact Statement for air shipments 
of plutonium in Alaska. 

November 1987 "LOw-level waste in Michigan," talk before a joint session of the Michigan Legislature, 
East Lansing, Michigan. 

February 1988 Testimony before the Vermont House Committee on Natural Resources and the 
Environment, Montpelier, Vermont. 

May 1988 Talks at Chadron State College (Chadron, Neb), Alliance, and Scottsbluff, on "low-level" 
waste in the Central States. 

June 1988 Co-authored the Radioactive Waste Campaign's Deadly Defense, 170 page book on 
radioactive waste at nuclear weapons facilities. Released at a national press conference in 
Washington, D.C. 

June 1988 Wayne and Clark counties, Illinois; public meetings near proposed llw dump sites; jointly
sponsored with local groups (Individuals for a Clean Environment) 

July 1988 Briefing before Congressional Legislative Assistants on the findings of Deadly Defense, 
jointly conducted with the Sierra Club and sponsored by Representative Don Bonker. 

September 1988 Reno, NV; talk before Northern Colorado Gaming Executives re. transportation of 
,.,. irradiated fuel to a proposed high-level waste repository; jointly sponsored by Citizens Alert and 

State of Nevada 
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September 1988 "Rebuttal of NRC Critique of Living Without Landfills, 12 pages. 

October 1988 Boulder, CO; talk, participation in conference and chapter of book, Environmental 
Impacts of Warfare; sponsored by the Sierra Club. 

November 1988 Nucla, CO; prepared testimony before Colorado Department of Health re. suitability of 
proposed "low-level" waste disposal site in Uravan, Colorado on behalf of Western Colorado 
Congress. 

November 1988 Augusta, Maine; participation in debate sponsored by the Maine Low-Level 
Radioactive Waste Authority 

December 1988 Preparation of court affidavit re. proposed irradiated fuel shipments from Taiwan 
through Portsmouth, Virginia, before the United States District Court, District Of Columbia, on 
behalf of the Sierra Club Legal Defense Fund. 

February 1989 "Uranium Releases at Fernald, Radiation Doses to Nearby Residents," report released by 
the Radioactive Waste Campaign at Cincinnati, Ohio press conference. 

April 1989 "Risks of Low-Level Radioactive Waste Transportation," 8-page fact sheet, prepared for the 
Radioactive Waste Campaign . 

May 12, 1989, "Preliminary Report on RI/FS Study," prepared on behalf of Maxey Flats Concerned 
Citizens, Flemingsburg, Kentucky. 

August 30, 1989, "Analysis of RADTRAN Computer Model," paper presented at meeting of the 
American Nuclear Society Meeting, Las Vegas, Nevada . 

October 1989 "Report on Maxey Flats Remediation Program," 75-page report, prepared for Maxey 
Flats Concerned Citizens, Inc. 

November 1989 "RADTRAN Analysis," 60-page report on the probability and consequences of 
accidents in transporting high-level waste to the proposed Yucca Mountain repository, prepared 
for the University of Nevada, Las Vegas. 

April 9, 1990 "Comments on the Final Supplemental Environmental Impact Statement, Waste Isolation 
Pilot Plant," on behalf of Concerned Citizens for Nuclear Safety, Santa Fe, New Mexico. 

April 25, 1990, talk before the Hazardous Materials/Nuclear Symposium on nuclear transportation 
issues, Ely, Nevada. 

April 26, 1990, Statement before the Nevada Commission on Nuclear Projects on nuclear transportation 
issues, Las Vegas, Nevada. 

July 19, 1990, "Report on Feasibility Study, Risk Assessment, App. D, iodine hazard," prepared on 
behalf of Maxey Flats Concerned Citizens, Flemingsburg, Kentucky. 

August 1, 1990, "Report on the State of Kentucky, Maxey Flats Closure Plan," prepared on behalf of 
Maxey Flats Concerned Citizens, Flemingsburg, Kentucky. 

August 1990 Preparation of second court affidavit re. proposed irradiated fuel shipments from Taiwan 
through Portsmouth, Virginia, before the United States District Court, District Of Columbia, on 
behalf of the Sierra Club Legal Defense Fund. 
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October 22, 1990, "Review of Environmental Report for the Central Interstate Compact Low-level 
Radioactive Waste Facility," on behalf of Heartland Operation to Protect the Environment, 
Auburn, Nebraska. 

December 1990 Preparation of third court affidavit re. proposed irradiated fuel shipments from Taiwan 
through Portsmouth, Virginia, before the United States District Court, District Of Columbia, on 
behalf of the Sierra Club Legal Defense Fund. 

February 8, 1991, "Review of 'Risk Assessment and Safety Analysis, University of Michigan Waste 
Handling Facility,' on behalf of No. Campus Residents Council, Ann Arbor, Michigan. 

April 1, 1991, "Health and Safety Impact of NMI," on behalf of Citizens Concerned About NMI, 
Concord, Massachusetts. 

May 6, 1991, "Comments on Final Environmental Impact Statement, Prairie Island Independent Spent 
Fuel Storage Installation," on behalf of the Sioux Tribal Council, Red Wing, Minnesota. 

May 16, 1991, "Managing Low-Level Radioactive Waste," talk at Future Options Symposium, 
International Institute for Low Level Radioactive Waste, East Lansing, Michigan. 

May 23, 1991, "Radiac Accident Analysis," prepared on behalf of the Radioactive Waste Campaign, 
Brooklyn, New York. 

May 30, 1991, "Nuclear Power in the United States," talk sponsored by the Green Party, Rikstag, Green 
Party Group Room, Stockholm, Sweden. 

June 20, 1991, "Comments on the Department of Energy Environmental Assessment on Off-Site Fuels 
Policy," prepared on behalf of the Sierra Club Legal Defense Fund, Washington, D.C . 

July 1, 1991, "Comments on the Final Environmental Impact Statement for the Proposed Ward Valley 
Low-level Waste Landfill," submitted to the California Department of Health Services, on behalf 
of Don't Waste California. 

July 12, 1991, "Comments on EPA Proposed Plan," prepared on behalf of Maxey Flats Concerned 
Citizens, Flemingsburg, Kentucky. 
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EXHIBIT B 

Radioactive Waste Management Associates 
Radioactive Waste Management Associates is an independent consulting firm 

established April 1989 to assist state and local governments and citizen 
organizations in dealing with waste management issues. We are a team of 
scientists, economists and engineers who carefully evaluate the impact of proposed 
and extant radioactive waste facilities. We perform engineering and economic 
analyses of low level waste facilities, develop cost-based waste disposal pricing 
systems, and evaluate the impacts of transporting radioactive waste and clean-up 
options on the public health and the environment. As seen below, we have 
extensive experience in working with local and state governments and citizen 
organizations. We have an extensive library of publications on low-level waste 
issues. Many of us have facility in FORTRAN programming, useful for the 
computer models employed for this project. 

Our clients this year include the following: 

Organization 

Concerned Citizens 
of Clark County 

Citizens Concerned 
aboutNMI 

Location 

Marshall, IL 

Concord, MA 

Coalition of Environmental Toronto, OH 
Groupe 

Maxey Flats Concerned 
Citizens 

Northwatch Coalition 

Novak Farms Toxic Comm 

Flemingsburg, KY 

North Bay, OH 

McDonough, NY 

Nuclear Waste Project Office Carson Cty, NV 
State of Nevada 

Radioactive Waste Campaign Warwick, NY 

Sierra Club Legal Defense San Francisco, CA 
Fund/Don't Waste California 

Sierra Club Legal Defense Washngton, DC 
Fund/Inland Waters Coalition 

Sioux Tribal Council 

Towns of East Windsor, 
Ellington and South 
Windsor 

Welch, MN 

Connecticut 

Project 

Proposed LLW Facility, Ill Siting 
Commission Hearings 

Remediation of U basin at NMI 

Ontario Environmental Assessment 
Board Hearings 

RI/FS Proceeding on Maxey Flats 
landfill 

Ontario Environmental Assessment 
Board Hearings 

Rl/FS Proceeding on Novak Farms 
dump 

Transport Cask Vulnerability 

Review Radiac SAR 

EIS on LLW Disposal 

EA on DOE Off-Site Policy 

Irradiated Fuel Storage at 
Prairie Island 

Proposed LLRW Facility 
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SUMMARY OF AFFIDAVIT OF 
EDWIN W. ROEDDER 

Dr. Roedder is an Associate in the Department of Earth and 

Planetary Sciences at Harvard University and a geochemist. He 

serves on the National Academy of Sciences - National Research 

Council Panel on Coupled Hydrologic/Tectonic/ Hydrothermal 

Systems at Yucca Mountain, a proposed high-level waste 

repository. Dr. Roedder has studied issues of nuclear waste 

disposal since the 1950's and published widely on the subject. 

On behalf of Sandia National Laboratories he has studied the 

Salado Formation in which the WIPP was mined. (~~ 13-14) . 

Dr. Roedder testifies that the EPA disposal standards that 

the WIPP must meet do not require on-site tests with radioactive 

waste. ( ~ 18) . 

The DOE does not have enough quantified and pertinent data 

to be able to identify the particular gas generation rate data 

that will play an important part in the performance assessment 

process, and it cannot now be said that the underground bin tests 

will provide such data. (~ 25) • 

Basic safety questions remain concerning the bin-scale 

tests, making it necessary to scrutinize any claim that it is 

necessary to permit the tests. These include the serious issues 

of roof stability, extraction or cementation of radioactive 

liquids, and radioactive fluid handling in leaching/solubility 

tests. (~ 30) . 

The dry bin tests do not reproduce repository conditions, 

which might be asserted to be important to a performance 
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assessment. (~ 31) . Also, the requirement to purge bins 

containing high-gas-generating waste to prevent the buildup of 

flammable gases creates insurmountable operational problems and 

destroys the utility of the test data for the performance 

assessment. (~~ 31-35). 

There is no need to conduct any of the underground bin tests 

at the WIPP. Since the benefits expected from the dry bin-scale 

experiments are practically non-existent, and there are 

undeniable risks, Dr. Roedder regards the underground dry bin-

scale tests as a scientifically irresponsible venture. 

38) • 

(~~ 36-
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AFFIDAVIT OF EDWIN W. ROEDDER 

Edwin W. Roedder under penalty of perjury states as follows: 

1. I am an Associate in the Department of Earth and 

Planetary Sciences at Harvard University. 

2. I make this affidavit to show the Court that there is no 

scientific justification for conducting the proposed underground 

bin-scale tests at the Waste Isolation Pilot Plant ("WIPP"). 

3. My scientific background is in the field of geochemistry. 

I received my B.A. degree in geology from Lehigh University in 

1941, an M.A. degree in geology from Columbia University in 1947, 

and a Ph.D. degree in geology in 1950 from Columbia University. 

I also hold the honorary degree of Doctor of Science from Lehigh 

University (1976). 

4. After receiving my B.A. degree I took a position as 

Research Engineer with the Research Department of Bethlehem Steel 

Corp., a position which I held from 1941 through 1946. 

5. I taught as Assistant Professor and Associate Professor 

of Mineralogy at the University of Utah in 1950 through 1955 • 

6. I was employed by the United States Geological Survey in 

the period 1955 through 1987. I served as Chief of the Solid State 

Group in the Geochemistry and Petrology Branch in 1955 to 1960. 

I was a Staff Geologist from 1960 to 1962, in 1962 through 1974 I 

held the position of Geologist, and from 1974 through 1987 I held 

the position of Research Geologist. 

7. In 1987 I became an Associate in the Department of Earth 

and Planetary Sciences at Harvard, a position which I still hold. 
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8. In 1954-55 I served as a member of the Committee on 

Geochemical Research of the National Science Foundation. From 1961 

through 1964 I was a member of the Advisory Panel on Earth science 

of the National Science Foundation. 

9. In 1973 I received the Exceptional Scientific Achievement 

Medal of the National Aeronautics and Space Administration. I 

received the Werner Medal of the German Mineralogical Society in 

1985. I received the Roebling Medal of the Mineralogical Society 

of America in 1986. I received the Penrose Medal of the Society 

of Economic Geologists in 1988. 

10. I am a member of the National Academy of Sciences, which 

is a body of approximately 1500 scientists who are elected to 

membership based upon their professional accomplishments. 

11. I am a member of the National Academy of Sciences -

National Research council Panel on Coupled 

Hydrologic/Tectonic/Hydrothermal Systems at Yucca Mountain, a 

proposed high-level waste repository. 

12. I am also a member of the Society of Economic Geologists. 

I served as President of the Geochemical Society in 1976-77. I 

served as Vice President of the Mineralogical Society of America 

in 1981-82 and as President of that Society in 1982-83. I am a 

member of the American Geophysical Union . 

13. Since the 1950's I have pursued studies in the field of 

nuclear waste disposal, in addition to other interests. Most of 

my publications are listed on the attached exhibit A. My work in 
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the field of the WIPP and nuclear waste disposal in general 

includes the following: 

a. 

b. 

c. 

d. 

e. 

f • 

g. 

h. 

i. 

Problems in the disposal of acid aluminum nitrate high
level radioactive waste solutions: U.S.G.S. Bull. 1088 
(1958). 

Preliminary report on study of fluid inclusions in core 
samples from ERDA No 9 borehole, nuclear waste site, New 
Mexico: Report on contract to Sandia Laboratories, June 
27, 1977, 29 pp. (with H.E. Belkin) (1977). 

Fluids present during the diagenetic history of the 
Salado salt beds, Delaware Basin, Southeastern New Mexico 
as recorded by fluid inclusions, Amer. Geophys. Union 
Trans. vol. 59, no. 4, p. 226 (abst.) (with H.E. Belkin) 
(1978). 

Fluid inclusions in core samples from ERDA No 9 borehole, 
WIPP site, New Mexico: Report on contract to Sandia 
Laboratories, Jan. 1, 1978 (with H.E. Belkin) (1978). 

Application of studies of fluid inclusions in Permian 
Salado salt, New Mexico, to problems of siting the Waste 
Isolation Pilot Plant, in Scientific Basis for Nuclear 
Waste Management, Vol. 1, G.J. McCarthy, Editor: New 
York, Plenum Pub. Corp., p. 313-321 (with H .. E. Belkin) 
(1979). 

Fluid inclusion study on core samples of salt from the 
Rayburn and Vacherie Domes, Louisiana: U. s. Geol. Survey 
Open File Report 79-1675, 25 pp. (with H.E. Belkin) 
(1979) 

Migration of fluid inclusions in Waste Isolation Pilot 
Plant site salt in thermal gradients (abst.): Materials 
Research Society Symposium G, Scientific Basis for 
Nuclear Waste Management, Cambridge, Nov. 26-30, 1979 
(with H. E. Belkin) (1979). 

Summary of U. s. Geological Survey investigations of 
fluid-rock-waste reactions in evaporite environments 
under repository conditions, in Underground disposal of 
radioactive wastes, vol. I Proceedings IAEA Symposium, 
Helsinki, 1979; Vienna, Internat. Atomic Energy Agency, 
p. 335-344 (with D.B. Stewart, B. F. Jones, and R.W. 
Potter III) (1980). 

Thermal gradient migration of fluid inclusions in single 
crystals of salt from the Waste Isolation Pilot Plant 
site (WIPP): Scientific Basis for Nuclear Waste 
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Management, v. 2, C.J.M. Northrup, Jr., Ed.: New York, 
Plenum Press, p. 453-64 (with H.E. Belkin) (1980). 

Migration of fluid inclusions in polycrystalline salt 
under thermal gradients in the laboratory and in Salt 
Block II (abst.): Proc. 1980 Natl. Waste Terminal 
Storage Program Information Meeting, ONWI 21.2, p. 361-
363 (with H.E. Belkin) (1980). 

Petrographic study of fluid inclusions in salt core 
samples from Asse mine, Federal Republic of Germany: 
U.S. Geel. Survey Open File Report 81-1128, 32 pp. (with 
H.E. Belkin) (1980) 

Water content in Palo Dure salt, Randall and Swisher 
County cores, in Gustafson, T.C., and others, Geology and 
geohydrology of the Palo Dure basin, Texas Panhandle: 
The University of Texas at Austin, Bureau of Economic 
Geology Circular 81-3, p. 119-122. (with R.L. Bassett) 
( 1981) . 

Problems in determination of the water content of rock
sal t samples and its significance in nuclear-waste 
storage siting: Geology, v. 7, p. 525-530. (with R.L. 
Bassett) ( 1981) . 

Fluid inclusion studies, pp. 35-39 in R. Schneider and 
N.J. Trask, U.S. Geological survey Research in 
Radioactive Waste Disposal - Fiscal Year 1980, USGS Open 
File Report 82-509, p. 21-24. (1982). 

A critique of "Brine migration in salt and its 
implications in the geologic disposal of nuclear waste", 
Oak Ridge National Laboratory Report 5818, by G.H. Jenks 
and H.C. Claiborne, U.S. Geel. Survey Open File Report 
82-1131, 31 pp. (with I-Ming Chou) (1982). 

Application of studies of fluid inclusions in salt 
samples to the problems of nuclear waste storage: Acta 
Geologica Polonica, v. 32, no. 1-2, p. 109-133 (in 
English with Polish abstract). (1982) 

Possible Permian diurnal periodicity in NaCl 
precipitation, Palo Dure Basin, Texas. In Gustavson, 
T.C., et. al., Geology and geohydrology of the Palo Dure 
Basin, Texas Panhandle - a report on the progress of 
nuclear waste isolation feasibility studies (1981): The 
Univ. of Texas at Austin, Bureau of Economic Geology 
Geological Circular 82-7, p. 101-104. (1982) 

Fluid inclusions in salt, in R. Schneider and N.J. Trask, 
U.S. Geological survey Research in Radioactive Waste 
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Disposal Fiscal Year 1981, Water Resources 
Investigations Report 83-4105, p. 62-64. (1983) 

Final report on a study of fluid inclusions in core from 
Gibson Dome No. 1 bore, Paradox Basin, Utah: U.S. Geel. 
survey Open File Report 84-696, 16 pp. (1984). 

The fluids in salt. 
413-439. (1984). 

American Mineralogist, v. 69. p. 

Progress report on studies of the chemical composition 
of fluid inclusions in Palo Dure Basin salt: Texas Bur. 
Econ. Geel. Open File Report OF-WTWI-1985-30, 233 p. 
(with W.M. d'Angelo, A.F. Dorrzapf, Jr., and P.J. 
Aruscavage) (1985). 

Composition of fluid inclusions in salt beds (abst.): 
European Current Research on Fluid Inclusions, 8th 
Symposium Abstracts, p. 106. (1985). 

Fluid inclusions in salt, Palo Dure Basin, Texas, in U.S • 
Geel. Survey Water-Resources Investigations Report 87-
4009, p. 30-34. (1986). 

The origin of fluids in the salt beds of the Delaware 
Basin, New Mexico and Texas: Applied Geochem., v.l, 
p.265-271. (with J.R. O'Neil, C.M. Johnson, and L.D. 
White) (1986). 

Composition of fluid inclusions in Permian salt beds, 
Palo Dure Basin, Texas: Chem. Geology, v. 61 p. 79-90. 
(with W.M. d'Angelo, A.F. Dorrzapf, Jr., and P.J. 
Aruscavage) (1987). 

Formation, handling, storage and disposal of nuclear 
wastes: Journal of Geological Education, v. 38, p. 380-
392 (1990). 

aa. Fluid inclusions in bedded Permian halite, Palo Duro 
Basin, Texas: Evidence for modification of seawater in 
evaporite brine-pools and subsequent early diagenesis: 
Journal of Sedimentary Petrology v. 61, No. 1, p. 1-14 
(with Bein, Hovorka, and Fisher) (1991). 

14. I have had an interest in the WIPP project since the mid-

1970 's, when I conducted studies on behalf of Sandia National 

Laboratories ("Sandia") of fluid inclusions in the Salado Formation 

salt deposits in which the repository has since been mined. 
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15. I have been retained as a consultant by the State of New 

Mexico to examine and comment upon the proposed underground bin

scale tests planned to be conducted by Sandia on behalf of the 

Department of Energy ("DOE") at the WIPP. 

16. Among the materials that I have reviewed are the Test 

Plan: Bin CH TRU Tests (SAND 90 8500) (Jan. 1990), the Test Plan 

Addendum #1: Bin-Scale CH TRU Waste Tests (SAND 90-2082) (Dec. 

1990), the Preliminary Comparison with 40 C.F.R. Part 191, Subpart 

B (SAND 90-2347) (Dec. 1990), and the FSAR Addendum, Dry Bin-Scale 

Test (WP 02-9 Rev. O) (Aug. 1991). 

17. The Environmental Protection Agency ( 1"EPA") is 

responsible for issuing regulations which a nuclear waste 

repository must meet before it may be used for the permanent 

disposal of radioactive waste. The EPA disposal regulations set 

limits on the likelihood and total amount of radioactivity 

releases. They are set forth in 40 C.F.R. 191 Part B. The process 

of demonstrating compliance with these regulations is known as a 

performance assessment. 

18. The EPA radiation standards do not require that 

compliance be established by means of experiments on site using 

radioactive waste. Rather, compliance is to be established by a 

probabilistic risk analysis. 

19. Sandia is conducting the performance assessment of the 

WIPP. Part of this process is the development of conceptual models 

of various parts of the disposal system and the surrounding area . 

Those conceptual models are then converted into computer models. 
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Using the computer models, and complex programs, various "release 

scenarios"--events possibly leading to a release of radioactivity 

to the biosphere--are examined to determine their likelihood and 

consequences. 

20. Since the conceptual models contain various unknown or 

uncertain elements, the analyses to be conducted by Sandia include 

"sensitivity" studies, designed to determine the degree of 

importance of the unknown or uncertain data to the conclusion of 

the performance assessment. 

21. Sandia's test plan states that the bin-scale tests are 

intended to quantify the amount of gas generated by various 

transuranic radioactive waste types in contact with brine and other 

repository materials. (Jan. 1990 Bin-Scale Test Plan at 14-15) 

(SAND 90-8500). 

22. However, the 1990 Preliminary Comparison indicates that 

there has been no sensitivity analysis addressed to the rate of gas 

generation in connection with any of the release scenarios. 

23. In fact, the conceptual models concerning gas generation 

by corrosion or microbial action are still undeveloped, according 

to the 1990 Preliminary Comparison (Chapter V). Therefore, 

sensitivity to gas generation cannot be quantified at this time 

(1990 Preliminary Comparison, Chapter VI). 

24. Previous analyses have indicated a rate of gas 

generation, where waste is in contact with brine, in the range of 

2.5 to 5 moles/drum/year. (Chaturvedi, L., 1989, Evaluation of the 

DOE plans for radioactive experiments and operational demonstration 
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at WIPP: Sept. 1989, Environmental Evaluation Group Report, EEG-

42 at 15-16.). It has also been estimated that a gas generation 

rate of only 0.1 to 0.3 moles/drum/year will give rise to pressures 

that equal the underground lithostatic pressure. (Lappin, A.R., 

Comments on WIPP and British Thinking Concerning Gas Generation 

Within Nuclear Waste-Repositories, presentation to Radioactive and 

Hazardous Materials Committee, Nov. 27, 1989.). If such pressures 

are exceeded, it is said that gas pressures would prevent the salt 

beds from closing around the waste. This would probably cause 

difficulties in proving compliance with the EPA radiation 

standards. 

25. In the present state of information, the DOE does not 

have enough quantified and pertinent data about the numerous 

variables affecting gas pressure in the repository to be able to 

identify the particular gas generation rate data that will play an 

important part in the performance assessment process, and it cannot 

now be said that the underground bin tests will provide such data. 

26. Many variables may influence the rate of gas generation, 

the nature, and the amount of gas. These include the amount of 

brine in the repository, the rate of closure of the salt beds, the 

permeability of the surrounding rock, and other factors. Some of 

the factors are interdependent. Following normal scientific 

procedures, a series of scoping experiments would be designed and 

carried out that increase in precision, degree of control, and 

correspondence with repository conditions to develop data on such 

factors. Such experiments would normally be carried out in the 
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laboratory, to the extent possible. Data from such experiments 

would tend to narrow the range of uncertainty as to such factors 

and point out the variables, or combinations of variables, that may 

be important in affecting gas generation. Data from such 

experiments could be used as well in constructing and validating 

models which would be used to study possible release scenarios. 

27. From the study of release scenarios it would be possible 

to determine which variables or combinations of variables are the 

most important factors in controlling the severity of a release of 

radioactivity. Such studies may lead to the exclusion of certain 

discretionary variables from consideration (e.g. , waste types, 

containment vessels, etc.) as presenting too high a probability of 

release. Other variables may be excluded from further study if 

inconsequential to a possible release. 

28. In the process of studying release scenarios it may be 

found both that certain variables have a wide range of possible 

values and that the value selected within such variation is 

important to the severity of a release. Based on such findings it 

may then be possible to design new experiments, focused on reducing 

the uncertainty as to the value of such variables. As regards gas 

generation rate data, the status of information has not reached the 

level necessary to design such experiments. 

29. At some stage in this iterative process the degree of 

uncertainty in the quantification of the factors involved in the 

models of the various release scenarios may become sufficiently 

small that the resulting probabilistic risk analysis for each 
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release scenario comes within the limits set by 40 C.F.R. Part 191 

B. From a review of the evidence currently available (e.g., 

Preliminary Comparison with 40 C.F.R. Part 191, Subpart B, for the 

Waste Isolation Pilot Plant, Dec. 1990, SAND 90-2347; Anderson, 

D.R., et. al., 1991, WIPP Performance Assessment: A 1990 Snapshot 

of Compliance With 40 C.F.R. 191, Subpart B (SAND 90-2338)) it is 

obvious that the present data have too large a range of uncertainly 

for this last step. 

30. Moreover, basic safety questions remain concerning the 

bin-scale tests, and these safety questions make it necessary to 

scrutinize carefully any claim that it is essential to permit the 

tests. It is not essential to conduct experiments that violate 

basic concepts of safe laboratory practice. The FSAR Addendum, Dry 

Bin-Scale Test (WP 02-9 Rev. O) (Aug. 1991), and comments by the 

Environmental Evaluation Group (August 9, 1991) raise the serious 

issue of the roof stability of the test room. In addition, the 

Test Plan Addendum #1: WIPP Bin-Scale CH TRU Waste Tests (SAND 90-

2082) (Dec. 1990) states that, before wet bin tests can be 

conducted a system must be developed to extract or cement 

radioactive liquids (Id. 84-85), and this has not been done. 

Similarly, the leaching/solubility tests, which also involve 

radioactive fluid handling, will require an entire new test plan, 

which does not exist yet (Id. 13). The resolution of these safety 

problems may substantially alter the character of the tests. The 

DOE cannot properly plan certain tests that it asserts will be 

essential until the safety problems have been resolved, any 
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necessary changes have been made in the tests, and a complete plan 

for the proposed tests can be presented and evaluated. 

31. The immediate test plan involves only the dry bin-scale 

tests. These tests do not include the addition of brine to the 

waste. Brine is, however, expected to be present in the repository 

after disposal, and it is expected to contribute to the production 

of any gas. Thus, the dry bin tests, without any brine, do not 

reproduce repository conditions after disposal, which might be 

asserted to be important to a performance assessment. 

32. Moreover, I note from a Sandia memorandum of record 

(Lappin and Molecke, April 17, 1991 at 2) that safety constraints 

severely limit the number of bins and the types of waste that can 

be used in bin tests. The tests can evidently measure only gas 

generation by radiolysis from dry low-organic or other low-gas

generating wastes. Such information is far from the information 

about corrosion and microbial action--the main gas producers-

which is the stated aim of the tests. 

33. The Sandia memorandum also says that the safety 

requirement to purge the bins frequently with an inert gas, to 

prevent the buildup of flammable gasses, if gas is generated at the 

rates and compositions previously estimated, both creates 

"insurmountable" (at 7) operational problems and destroys the 

utility of the data from such bins for a performance assessment, 

because the gas will not be representative of long-term repository 

conditions. Thus the stated objective of the bin-scale tests 

cannot be attained. 

11 
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34. The memorandum also says that, in any case, only four 

high-gas-generating bins could be operated and purged regularly, 

because of equipment limitations (at 7). Clearly, bin tests with 

approximately 100 bins are not possible under such conditions. 

35. In this situation, it is very clear that the bin tests 

in their present state of preparation will not be applicable to the 

performance assessment process. 

36. Most fundamentally, there is no need to conduct any of 

the underground bin tests at the WIPP. The January 1990 bin

scale test plan expressly says that there is no scientific reason 

to conduct these tests at the WIPP (at 28-29). The bins are sealed 

and leak-tight and, we hope, do not exchange any gaseous, liquid, 

or solid matter with the repository environment. The bin tests 

could easily be conducted in a laboratory setting and if so might 

avoid some of the safety constraints arising from the underground 

setting. 

37. The January 1990 bin-scale test plan (SAND 90 8500) lists 

the advantages and disadvantages of conducting the bin-scale tests 

at the WIPP compared with other locations. The "deciding factors" 

are listed (at 28-29), but to the extent they are said to favor the 

WIPP, they only involve matters of logistics and timing. The most 

important item is "time availability to meet WIPP [performance 

assessment] needs." But it is now clear that the experimental data 

will not contribute to the performance assessment (Lappin and 

Molecke, April 17, 1991); thus, the most important asserted 

justification for holding the tests at the WIPP has disappeared. 
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The other factors involve availability of alternative facilities. 

If the tests truly need to be done--which has not been established-

-it is hard to believe that other facilities cannot be made 

available by the time the various tests are ready to proceed. 

Moreover, it is conceded that radiological safety would be at least 

as well served at another location (Id. 29), and there would be a 

decreased transportation risk if the tests are not done at the 

WIPP. (Id.). There is no justification for holding these tests 

at the WIPP. 

38. Conducting underground tests with radioactive waste at 

the WIPP violates two principles of experimental practice: First, 

experiments with radioactivity should not be conducted unless the 

perceived benefits outweigh the risks. Second, experiments in a 

field setting--e.g., underground--should not create unnecessary 

risks. Since the benefits expected from the dry bin-scale 

experiments are practically non-existent, and there are undeniable 

risks, I regard the underground dry bin-scale tests as a 

scientifically irresponsible venture. 

I declare under penalty of perjury that the foregoing is true 

and correct. Executed: Ocfaber 3o , 1991. 

EDWIN W. ROEDDER 

13 
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1'Dcdde1, D5vlh, 1951, Probleina ln tbe 4l•I"'••• of •cld al""'l"""' nltra• 
hl9h-level radloactl•• wa•te solutlo••• v.~. Geol. surv•Y Ball- 1088. 
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1141 lloedder, Ed~ln, 1958, l'robleot Ln tbe dlsp>•al of acid aluml"""' nltre 
high level redloactlW'• W11ate 1olutlo11• by Injection Into deep lyln9 
perwelLl>le lo1111mtlon•• T.£.J,lll.. lOJ, llJ p., deted net, 1951, l•su.,.il 

Harell 19Slt • 

~ !IDrdder, DJwln, 1959
1 
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SJ. P flocdder, Edwin, ltSt, sUk•t.• -u. trst-er cttapl•r fin r.r-11 Preu, 
!!. .!!.• e••. , rhplc• aM. C"-hUJ' of tJ\e. l!&rth, ~. >,"' 464. p. , 
.. r9-n l'n••• Nev Yo.-k. P• U4•.21l, 

H~ • lloaddomr, r.chln, H•o. Plal&" lnC'l••llllna ... -pin. ot tfle ore:-fonitn9 
Uuldt 1'cport of the l•ternat.&.ollal CeolOfJl-1 Coft9K .. • lOll Snwlon~ 
llllrd4n, 1960, ••l't XWI,. c:e-uc l'1obl-• •I Orea, p. :na-an. 

JS. a .... ..tder, Edwin, l910, Pl'1-l'1' rl\lld. f.nclot•lon• le aph9~rit.. ccyatieb 
fro• t.ha Oii wln, C'1:aed.tl, CDlonclD C•t.) c Geol. Soc. ,.._ avu .. , 
?!.· 1958. 

JI, A ID•dder, Edwln, 1962, 'Jhe -po•ltlen of quuts.-fonilft9 fita!dw in 
naw•• labet.) • ~. IU"ere109lrtr .!.?.• JOl. 

n.• • llr>•dlter, 1:4wln, lffJ, St""1n ot n .. 1.t laclw•S-• r1 r.o.. 
.,..ucatloft o« • dual-purpo.n lrttalag a"4 tteatl ... •t.a9e1 
!!.• no. 7, lt6J. p. 1045-IO&l. 

lelllpt!r•t1ara 
l'JQan. Geol •• 
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Jll>eddor, Dlvi1t, U,J, Allc:k"t Uul•e An crylPtAh, sd-t.lflc '-'edc~, 
101, llO- ... OOt.olMrl' HD. p. H-'1. .. .. D n_pdntedl •• -· •S• bp "· •• 
lh-•Clll .. 
llolddor, l'AWlt1, 196), Swlllu of fllli4 lac.INslou lie Pl'H•t."9 4ata 
..,. l:Jteb lntcrpretaU011, leaft, CcoL., .!!,,. no, 2, p. 167-211.. 

llOe&ter, 'Cthll11. lnCJ..-. •lanche, end H•U. WayM I:.• l!l6J, SLvdie• of 
ID•ld tnc111aJona ·Ult l:nrect,on •M 911111Utut. ..... eJryeh of lndv.• 
af.ooa-Ja tbe allllvir- ,...,., D:o..._ GeDL., !!_, -· J, p. l!.J-J.14. 

C•-"•ke, G., Jlo~d1111:, J;d,.J11, .... llvlm9, r.c. • 196), lleutr-on actlv•
tloa •••lr•4• ol fluid lnclu•lOft• loc copper ... ft9ane .... •n4 alnc1 
klt-. !!!- -· M65• p. 40l-40·J. April ::l(r. 
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42 • • llOe4der, Edwin, It'->, L1~14 carbaa dlaalde inclv•L•n• ln .~ .... il~ 
atnolLl.hs ln HavelLan basallll l8hst..)1 Ceochenl.str:y 5e11lon, 1ntCl'
n.at.Sonal Union of Ceode•y ae4 CeOfl\ydc•, .. rl<eley, C.11l01l'nla, "vttt•t.. ~ 
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A "'eddcr, r~uln. l96e, l:Yl<k'.ce Cr111t flul4 lnclueSllllS •• to Ute n•tvre 
al I.he 01e·fof111ln9 fluid• labst.11 r.rttichrltte der Klnerel09le .!!• 
190. -

es. A 

46. A 

~•d4er, tdtllll\ aiwl SllllU., 1'. L, lt64, Llqwl4 vatn ln ..-le• v .. ldu, 
a cntde bltt. u~cf11l datfnq ll\Clho4 (&bSt,J, Ceol. Soc. ""'· Spec. Paper e1, 
N11t.racu ro.: 1'64, p- 16& lp@lh'hed In U6'J. . .. -

~ck!r, Edio<ln, lt6S, 11o1t-lll'0111tlait .,.....le ...,,..,.nt In (luld incluslGftl 
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(alt•t-1• C.ol. Soc, ,... .. , Special Papel' e1, AIMltrect• fol' 196S, p • .,_. 
fpubUahed In 19"). 
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47. a 111r:>1dder, ~ln, •nd Coolllbe, o.s., 1965, llofid•clblllty ln 9ranlt.lc 
nalt•, lncl.icated by flul4 lttCl.,1lon1 lll •j.ctad 91anlllc blOC'k• fr ... 
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a.Ion, 46, no. 1, 116. · 
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l~rll 19'61. 
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50. • "--•• S.N.I., flart, 1.~., and Pl>Oddar, Dlofla, ''''· Dccess radlo9enlc 
AlfDft L• fl41l4 lllCl .. •lona. -'OUI'. Geap. lteaauch, ,?!. 509-511, 

Sl~. P Jloedder, Eltvln, l96S0 IYldence fro• flal4 l•clv1•on1 ., to the n•ture 
of tile are•lo111ln9 Utalds, SJllrO•hn on l'robleas of l'o•tm•ci-tlc Ore 
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51. a llDeMn, F.dvln. 19'6, Dl•lro-nt. of dlmpn1tl- of alnlUor• 
tl'iaalulppl Yaller·t:no-• .... a.tpodU. h- i:tudlff of Uul.d a..., .... 
aloaa (1000.-rd eat:.>. l'••rrlftHd ,_ !:popoal .... on Stir.-tUo .. 
ci.pealta •f IA•dl-'ZlM-IKllt••Flvorit•. ,_ Yocll, Hanh &-S, 1966. 

S6°. A .-,.ct~r. llavh, •"" a--el. -'Ohm P, • 196&, Fluldl l11el•!l'lo11s fro"' 
• ....,.._, Ut ... (abst.Jo1 v.-.. Ac..S. SCI. -· • ~· no. 1. 111. 

n. A "'"c14er, Edwl•• 1'56. -ct"' bullblH, or who pvt the pep I• Holher 
... t•r••• ,.,.1 (abst.)r Ma1h. Aca.d. Sel. ""•r •• 56, ao. 7, 169-1'9. 

" 

S•, A 1'01!ctdl!r, Edwin, 19'6, ShJnlfl.-.,,ee and ll•ltatloNO of tl~ldl looclodon 
the,,_.try (abst.lr IDDOn. GeOl., &1 1 1191 (~CSA Spee. raper 101, 
AbllUMl\.9 fa&' 196,, Jt. l•t p11bllsh;d°-t.. l961lJ. 

59, p PIO!!c1der 1 lldvt11·,-19..-r, lfotm.u!lle •11upuh11•1.ttc1•-·m.,,.: 111 1-1,...tc!-wM.,r 
lftdudon• ........ hi4t M'iatlve .,.-essuH:_ Scl., ill• l4l_l-1417. 

IO, P llllRd&.r, D!vlft, lt6"1 1 U.Yle>e r- ._.,,.. the..-1 '9Hclleatu v.s. 
ht•nt •· J,H4.6'9, 9r-•<I OCtober J, 19'7. 
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fso• •""4lH •f Dulci Jftclud- (...,.~.)• r.;o.._ ee..i •• .!_!, e7c, 

lllHdGer, lllhdft, lt6,, """'"".-eture ..... aalJwlt:y Qr dle or•-fo.-...ln9 n .. tde 
at .i- l'aliit, lllDrth .. at Terrltorl••• Cusad•• f..,. fluid •llela•&on 
a\8111•• 1-t.. t • a.aea- ltl_,-•10~•"'· !• pt. J, >IM-J05. 

l!oe<Sder, .,...In, lH?, 11\elr-•t of .tapodt.ion or at.r:•t:Uon lt.tl.s&hslppl 
••ll•r·trP•I or• d•roalte. fron •t••J•• of lt•ld 111cluat.o..s, p. :M.t-36J 
e_ 3. •· ._. ••·• c. .... a. •f ltrat:L~•- IAMl-&lnc:-lladt•·Fluodt:e· 
Depoalta Cltlaalaelppl Yalt•r-'IYP• Depo•lt••• a •V"'PO•l\Dl1 Btacl•blarv, 
Vlrylala. r.co.. Ceol, PubUwhl-"9 CID., -09raph ,J, 44J P• 

.,_,.._ P 'lloeM•r, l:dvl•, 1957, r111•• J .. C'lv•t .... : .. 119111Ples of o-c• 
Qapter U In flrdrotJtn-a Dire O.posJ.tton. ir. L. llal'nH, 
llltU, Rl.neltut. •a..S: w.l.Mtol\. SlS·~M~ : -

f.laAcla, 
•"·, Hew Y«lt, 
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ss.4 P ,.,........, .. ~ Dl"'"• .... Coomb•• D.s.-, 1951,: rnnbcib6Uty L-a .,.-....iuc 
••ltt, lncilcated ... fl•Jd laelusto .. I.ft "'~eel 9ranitie bl!Dck• fr.,. 
Alleon•I- l9luul1 .Jour, Patrctl!O'fJ', !• put J, •l7•-t51. 

H.• P ..,..c1 .. r, l'Alt1&11, UM, ltlovl.....--t of d~•itloo or tho dlue111l••tacl 
l••c1 or•• et L&l-11, S-.teri, •• J.nc1t.c:.t.ed by Udcl lnclualo11•1 
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lloedder,ldwln, 19•9, ,........•tur•, aalJnlty, Ullll orl•l• of tl\a or•• 
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!bedder, Cdvl•, 1911, ftl• ftOllt:ollolcS.l orL9ln or •collafora• te•tur•• 
Jn 1phal•~lt• or••• llecMt. Ceol., !!- 451-471. 

-ddew. Dlula, ancl !DIJ1111.,., 8 • .J., 1918, Ellper .. •ntal ewhlenc:e that 
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-dder, F..dwln, "9J'1, A,•·, and Creel, .John P,, 1969, n.vls-eat of 
ore deposition at tile Nl,....fta aeposlt•, ft-0111111~ dl•t.rlct:. •• 
ltedco, t-=- alt.ad&n et fluld lnclulonws l!con. Geol., D, Jl6-J48. 
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at Lal•vllll, SW. .. n, •• lnille•ted i., fl•ld lncl .. toa• fabat.,, 
llep011u, 1JEd Jnte..-t- ci.o1. Coft91'-•· Pr8911• 1 1911, llbatracts, 
•·no. 

llll•dcln, PAwl.n, ltU, ~ -c:olloiclal orlOJl• of •callofor:w• te11bH'H 
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....... ,,_ .. Rofodder, Dfvt.•, l!t19, Pluid J~lMI., eorldt!llC• Oft_,•he enellro-at of 
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(&bet.. I: Eeon. Geol. • !!• >SJ. 
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l97o P llllH.Wer, IJlhlln, 19720 n•ld: l11Cl•sl-H U"dde for IOleJ ... ld 
Enc:yC'ICIPeiU• Gt C:-ct-htiry and Dl•l ... wnt.M schon•>H, •- llVA !!. 
n.cyclapelll• er l!A!rth s~•••re• s.r1 .. , ..t. "'-• v. r .. rilrl"'J•• 
Wev Terllt, v_ .._Lr ... llfMll.nho!4 ee •• .11912, p. Jl>-Jn. 

lff. P ll!iiecMu, lld..aR, 1912, -wt- of "'- Hells ..... "lnu•ls,• br 
.... 1,..... arwr Taylor, ~""· Geol., "• 57, p. Ht-160·. 

aoe. " lllllH.Wer, ll!Vln, ........... _ ...... ' 197>, ... t .. 09rapr.tc ... .s· petralo9.i-c 
teet1ar•• of llpJUo 14, IS and lMlra l& •AlllJl•• tJ•,..9e mh•t.I In ...... r 
Scl. ID' , ... c.· tlllt.ld••). p-. 6S7•6!i!· .......... Sci. 11\St. OO•tr:-no. 811. 

110. ll lla..Sd<tr, llllwln, 19'12, JU.e.-pnt.atlor. of silicate Mlt Inclusions in 
lQftar, t.euutrlal, end. -teodttC' 114nerill9 f•Mt.1: rlui<l l'.ncl•slion 
...... dt - ..,.c ... 11199 of COITI, HH·, f· n-n (for 1"1'2. C'Off'I 

~-· •t: Hafttl' .. l IOC) •·· 

W, A 11WUlle11, l'.W., ud lloedi:l•c[o!•, t9'7J-, Oco:Urnne« of chnnwlu 
llercp&tte .. Laeh In As>ol l& s-,.1 .. end thdr· petr09.,.etl• 
....,llcatl- 1 .... t.)• - ... ee..,tir•• u..1- nana. tllOSI, •· SJ, 
p. S51. 

UJ. A -4.ter, Mw:lo, 1'71, MNLU aw.l dgnlflcanca of re .. M; U•ld l•el:
•laa •t.dl•• J.m or• <lepo•lt.w l•rt-)• llnltemat. Ceol. a.,. .. 24tho 
Abmtract•• p. JU. 

UJ. A -.S4er, WlllvJ.!!-• alld. 'ld•le ... P·.v., l9o7Z, P~rOlOft' of - lltl>lc 
tr•-lll• rr .. Luna JO and llpoll• 16 Cl-p•'J• -t. J ln !Maar 91:1. IY 
Cad. •- w. -a. ..... l'll11..,. c.. •tJr1n•), p. •n-6:JO, ......_ Sc:J.. ln•t.., ...... ._, .. _ ... . 

11•.• • !lllMMar, ...... 1 ... un. 111• CIOllP>dt.to. of n.ua l11cl••loas1 oscs 
hof. '!'PH 4to, Olapt.er II•, 164 •- , U platH. 

LIS.a P .,.cider, ldvf.A, .... Weibl .. , •·•·• 1'12, Slllcate•elt. jnclu•lon• end 
9l•H•• ·in ~ir ••II rn.-nu rronr tlH Llln• 16· «111re sa.ple• zart.h 
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~ 
bo... 

" 

••-•t. scl. Letur•. •• u, p. 2n-ns. t11b•· ,...,1.S.h•• "' ,.,,..._.,., l9'14.I} - . , .. ,,, ....... 
115.• P l'De61e11:, l<!tdft, enl hi'"l-, -'·"·, 19'72, Peu09r•p1'1c feat-es an4 

petrolo9jc s~nUl~ ot ... u lact .. 10- l1t Apoll• 14 all& U irectu: 
Geoc:llbo. l!t a.tiadl ... kt• lupPloiwetlt. J. t1rec. ot" tM 'Ital.rd. J.Mnar 
Scl. OI•'·• ... 1, •- u1-n._ 

n1.. • lla8"!&!s. ~lit, ... .,., ............ ' 1972, Occ:urnace or dullmi ... . 
llHcplt.lc spi11d <-11••-••U"I in ~lo-14 ,...,, .. ....s· lt.s 
pet..,lo9lc.o ... Ueatlo11•1 !!.nth Jlaft, Id .• ~•n, "· 15, p • .17G-402. 

.... I' ...,,,..r, Sdlwln, 1971, ladte fluld lnC'halo .. •eot.1'e.-t.ry, cart .. rnlll• 
•I.ft'"' dhtrlct., 11osdNHt c.-9ta, • dbC'U9•l-1 o: ... c.o-l., •- 61, 
p. •n-en. 
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119- P Lar•-· i..T., lllller, .r.o., 111etlea11, .r .1:., a,.. .-...&11•r. 1:., 1'1J, 'IWO 
_ .... .,... al error In •- te.perator• l111Clu•l- ~• .. lc•ll- ""ter
ah1atl_, and lllOnactlon• - poobll•hed ~rater•• for tile bet 
~·-• encl Lelrora11 deposit.a• -- Geol., •· 69, P• IU•ll6. 

lJO. P 1'o•dd•r, llllvln, lt7l. Fl•ld lnelu•Lo~ tr,,. ti.e fluoc-lte depoelts 
.uaoelated vJU. eadioMt_lt.e or IWbG "°"7U• J_.la, and Okorll.9•· 
So•th lfHt 111.rrlc•• l•st. of Mlal1119 .... ltetallurw 'h'aas. • 5eet.. I, 
w. 82 1 P• IJS-l9. 

lU,• P ,_.,_.der. Dlvl•, ...... 'llelb\aD, t.•., 1'1J ... tral09Y of - lldllc 

lll 

fra.,..enu ,,.... ...... JOt Geochl•. COSllOChla. Acta, •• J1, p. IOJl-IOSZ. 
(Sri ,\,., ? 1"1.J) 

lJJ. P Aoedder, Dlwl11. aftll ltelblen, •·•·• 197J. Apollo-17 "l>Eanq~ soll" •a 
result of meteorite ..... ct on llquld la..a1\ ~atqire, •· 1440 no. 5tlJ, 
p. :n.0-112. 

l2J, • P '111tlble11, P.W,·, OUld·R!MddHr Dl..t11, lt1J, ,_tsolotf d Mlt lnclu•lt1111 
&11.11petllo •...,la• ISS98 ••4 '2195, and o! c.ol••t• la 6791S and 11.,..11 

i-ar 1olla1 C.oehl•. OO•imehl.a. lleta Sllppl-t t, Proc. Foarth ....,.r sc&. co..r •• •· 1, P• •H-70) • 

124. A 1'oedder, Bdv!n, 11114 Mel .. l••• P.W., 197>. Orltl• of cn111199 9l•s• 
sphell'ale• lA Apollo 11 1...,1. 74220 (eate•ded abst.)1 llllar. Ceolli'J•• 
union Truw, tlDOS), •· 54, no. 6, p. 612-61>. 

125. P lloe<lder, Bdooln, 19'JJ, Hln•ir•IOOJI' • fl11ld lllcl••lon•: Soe. "lnl ... 
b9lneeu lllnlftlJ 0>9lneeri119 llandboollt, 1.A. Gl,,.., ed •• •· l, p. 4·14. 
"•" Todt, -r. rut- Ml.._ "9t • .,.. Pet.a'ol. Dtt·, Ina, 

U6. t Roedder, Edvla, 1974, P1r•U,.l.nuy l'IAH aupla mtu4y - eff'eeu of 
•1P1Pl•·1terlll1et.loe - data •••11abl• frot9 tl•ld llocl•eloftlll• p. l-22 
l11 ,.,..,..u. Ill of •a. the petroto9lca.l, ••oda•lllcel, .,,cl 9eofht•lcal 
ehll.lra.c:t.r1ut&-of a K•t:-4 119r• eecf•ea •-le aad th• &m;>ect of 
bl.ol091cal aterlll••tl- oft the ana.lt••••" _....H4 .. por5' dat_. ,\ 
llprll, 19'14, IUISA ,,.,.,.._Sp..,. Cenar, K-t-. ("'"''"""' ... ~ 

U7. A aropp, o.c., an.t llOeclller, Edltln, Ul4, An 1Jodepa11dent ehecllt on the 
•alldltr of th• pressure con:ectl- 1n lnclu.i- 9eoth..,_etry, 
••ln9 hydrot»noallr 9rown qwert11 lllhllt.) 1 J111tern.at. Mineral. 
AHoc., 9th Cen. ""t.1119, .. clln-"99-sb.a~, co11-ud llbstracu, 
p. 2e. ( ,ho•/.JJ) · 

Ull, II. ar-, P.a,L., lllOedcler, b!>rla. and llodalckl, "·• 19'14, ••tt 6'"" 
pHSent-clap 9cothe11Yl -ten fr- lnclllsl- 9tudlH, llcoadla,..,r• 
fleld, nev le•l•nd labat.)1 ~. on water:-llock lnt•raetlon0 Pra..,.., 
Ab•tr-u. p. se. · 

12• • 111. 1'1Je<lder, tdvln, 1974, C.."'"' l• or• fl•ld vlt.h tllloa, fl'O• flwl4 lnclv
eloa •tu4Los at Creed•, OOlorado (abet. J: lnternat. As•OC• C:Cn"h of 
O<a Ocpmlt.11, &th s.,..-., Yame, .. l9arla 1 llblt11..:U Of Papen, I'• a'J)-J74. 
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lle. a •.-e, t.a.L •• ~er, Dd>lt11. •M- WQdcl<:k•, 11., 197•, a.p.arhoa of 
put .,,a t•••••t. 9••~••• .. l .... t.,.., • atMolf of fJul• LhCl-1•..a, 
.. o.dh..i• fleaa, 11ew 1 .. ahnd l.a.•t.I, ms,. ,..._ ... ...,.._ eo..,i.., •.. 
........ o. 150 rio. •• p. 4S6. 

l>l. A ~r. Cdvlft, .... Wdbhn.. •·"·• 197•. lift -••d ba~ olhlDll 
tho1td"le la 1pl11d trQC'toJrlt.o 1111! feato11d1td. uat.)t IMlau: Sc:L- '11 1 

ta.rt. 11. ·- ,,, •• , •• 

&JI. A lll>odde.-, Diwbi, .,.. V.lblo1t, •.v. • l9'H, - •••t1•1I ban•4 ollvl ... 
c:hond.-ule h aplftel troctollto 6JJ9~ (llMt.t a IXls. Tnao. ~r. 
CoaphJ•• UAI•• v. "·• no. 4, fl· n•. 

llJ •. a llopp, o.c., •nl lloe4der, -In, 1914, An- l ... pe•4ant. mock .,,. the 
••lldltf or tho pr«HUCO OOl'HCt.'°8 ht bclUSl.ol\. 9eothe~tr:y, 
u•lnt h,....ot.he11110llr·9rCN11 ,.ua.-ta C.t>at.)r ~l- SQC.. Amer. l\t)at~•ct• 

viU. Pn9•-· •· '· •o .. ·•• •· n1.t .. rJ .. -ifl.l'P} 

Ut. A IDeddu, Dlvl1t; Md tlelbha, •·"'·• 1974, ,.trol091 of cl:aata In 
bucc•.a 6lH5 c--d•d .abU;.)I a-.. Sci. v, Put n, p. 6•~64'4. 

19'. a 1Ded4u1 Edwlra, ltH, SUic.ate liquid 1-hdbUlrty ln 1 ... u aa4 
touenrlal ... .,. .. (ab9t. I 1 Gtol. Sec:. 1UW1. abstucu ..iu. p,...,,. ... , 
•· 6, 1111, &, P• S&0-541. 

l>•.• • lloeddet, Dtwln, •*' NeUtl•n, t.w., H'J'&, reaalovr' of cl••h lit t-ar 
IJl'.ccla 'hB1 hoc. rltth IAMIK Seti, Ont.a, Geochla. CD•-· M.ta 
-.,... S, .. 1. l, P• JOJ•lll. 

111. a -.14-r, Dlvln1 H74, ..,llJltolOft' and" d•ta DI\ •hbl• •"" ••UUablo 
llul• lnclv•L04'•, 9rC!OmUI c .. ron Cluor•p&C" tlJwtrLct •. <>.artee co...ty, 
Oolou.eo, ancl •laJIH epll.h•.,..l ...,. hat-•prl .. In ckposLu (abat.) • 
lftternat. As•oc. C.•aala ot Ora ~lta, 4~ S~, Va&n•, •ul9arl• 
1.,.,-.a br Dlreoi- ..a ~··•• a& -na.,,. •t .-tHi:t; "ot ..-u.ah.,.I. 

ue. .. Jlbed4er, Dtstii, .................... 191S, a.-l:OIUI 10 .... 111: •Lllc.ata M'l.t 
&advaiw J11 u .... u. r- llloOllo ll lll*aelta C-•t•ndsol ... t.)t Lulaar 
11cl. vt, •·~ 11, •· &•>-••5. 

I>•. I. ••d•er 1 llltvl1t, at75, htr•l .. lc a.ta. firoM .,._..a .... t•I abtolt.• -
Cll\'•talll .. d •lllcato inalt ...S oth•r lloc:l.walofdl .la ollvLne Calltend..t 
uet.lt Exl.aftde• ANU.cU, r. .. s:n•t. o..f. Oii C.OUl•-trr 11"4 
Geobal"-try, hM. Stat• Unl••• OCt. S, Hl5 (& p.I. 

&•.• t lloe.Wn, u .. 111, 9"11 ... lbl1 .. , •.If., 1915, M-•I-• 1-·ll aUlc•t.
Hh 11tcSlNIOO;• I• 11-nlta fro• AroHo 11 bualt... hoc. S~1ta. 
Lwtu Sc1. °'"'·• GeacMft. a.-M•. loc:lAt ,..PP• 6, wol. I;, p. a47~166, 
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l4l.' • lell, r.K., ~~o, •.l. 1 lneddl:r 1 l:.itwla, .... llclbl•n1 P.M., ltl~, 1'te 
p101iil- of Liie orl9l11 ot .,.,...,,~ ln ollvh•a-warln9 1 .... , roell•1 
•roe. Shlth lAtnAr SCI. eanr., C..odll•. Co::11111ct.a.. Acte, Suf'PI. 6, 
....1. I, p. IJl-249. 

u:a. " 

143. p 

q,lr 

10.• • 

us.•• 

l'oll••-• G . .J., ~r, ltdttlta, .... 51-•· .1.M. 1 l9H, Laser ...,,..,. 
•pcctcosoopr lor Aoftd•&tnoetlve p•rtlrl •••lyals at lltdlvldval ph•sc• 
la nuld i1tclu1iona la al1tcr•l9 lllbat..)• !\Mel". Ceoptlya. ia..lo • Tul\1. 

lEDSI, •- S6, P• •50, 

Roedder, lldvln, lt7S, Flul• lncl•slon atvclr - b&alc ... lnclplea •nd 
proceduras (lect•ce 11, .... rlulcl lncluelona •• tool• ln •lnaral 
•llPloratlon tlcctur• JI• ColH'se note• •l l1tlarnet. School of t•rda 
Sclances, l:rl~, lt.alv, 'ltllrd Co•rse, Ceoche•lca\ •1"VSpectln9 
(appro•e• by Director 6/2S/l5 •• QO. R1S•S5l, ... dlst.-1bl.llad at 
... tl119), 

Jllos••co• C • .1., lllled4er, CA!uln, and Sl1:11111na, J.N., ltlS, Laser·escll•d 
Jlllltaaa spectrvacopar foe lloCHIClestrtK:tlYe partial .. ••r•l• at lndivl~ual 
J>ha••• l1t li.tl4 lnc1ua1ona In alnerals1 Scl., v. l90, p. ~S7-560, 

l'Oe4clec, E4ul11, aM Kapp. o.c., l91S, " clsedo: oa the valllllty of U.e 
pnuure c:oornct:Son ln lnclulcln 9eoU.e~try, ulat hrifroth•"""lly 
9r...., '1'1•1ts1 l"Clrt•chr. Kl•ac., •· 51, Spec. , • .,..., 11111-P•P••• •II> 
He1tl"91 aaclln·"-t•n&b1&1"91 ltl•, p, 4ll•4C6 (p~. 1915). 

.. 
U6• I' aoedtl•r. t•\lln, 1916, rl1d.t•l1tchaalon ..,I••~• an Uoe 1eau1i 

al ores ln 1edl .. n1a.-, ..... volc.,.lc rock•. !!! "•'"'•eok ol 
ltrata·•ou ... an• Stratlfont Ora D•po1IL1, val. J, edlt•d •r 
l.H. Uolf: All•t.•r• .. , ll•••l•r, p. •1-110. 

147 P ar....,.a. P.1.L., 11.oed•er. Cdvlft, •od ~"odtlckl, Anron&, 1176, 
c:o.p.1&19111 •f poet en• preaea\ f•oc~e•-•l vote~•. ,,.,.. • 
aludr ol fluid l•eluslan•, lroadl• ... • (l•ld, Nev Zealand, 
la Pr0<:, l11te1aat. Srap. oa Vat•r·lock l•tel'actloa, 
CZ•c:hoalD•a\ta, •• , ...... J. c •••• •nd T. r.z •• , •••1ue, 
Geologt~•l Stl•••r. P• 149-149. . 

161 A Velblen, P.U.; •nd loe'4e1 1 t,, lt16, Co•pa(at&"9 c--.o•ltlon•l 
1lvdl•• ol •lllc•t• iMlt ••clu1loa. bvlk ch .. lcal, •nd 
••p•1rl1Wnt•l d•t• .., ••r• ••••lt1 (extended ••al.Ji Latn1r S.:l. 
Yll, p. tZ7-t2t, 1ha Lvaer Selene• ln••·• lk>u1ton. 
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SUMMARY OF AFFIDAVIT OF 
BARRY E. SCHEETZ 

Dr. Scheetz is a Professor of Materials at the Pennsylvania 

State University associated with the Materials Research 

Laboratory. He is a geochemist whose primary work involves 

nuclear waste disposal. He has collaborated with Sandia National 

Laboratories in the development of shaft seals for the WIPP 

facility. (~~ 1-5). 

Dr. Scheetz testifies that the main purpose of the bin-scale 

tests is to quantify gas generation as it would occur in the 

repository after disposal. However, based upon the status of the 

"performance assessment" of the WIPP being done by Sandia to 

determine whether the WIPP will comply with EPA disposal 

standards, it is not possible to state that the rate of gas 

generation is an important unknown, or uncertain, factor in the 

process of performance assessment. The studies of gas generation 

have not gone far enough so that one can identify the unknown 

factors related to it which are important to an assessment of 

compliance with EPA standards (~~ 17-26). 

Various of the proposed on-site tests -- wet bin tests, 

leaching/solubility tests, and alcone tests -- are not ready to 

proceed due to unresolved safety problems. The resolution of 

these problems may change the nature and usefulness of the 

experiments: only after such resolution can the need for such 

tests be evaluated. (~~ 27-32). 

The dry bin-scale tests are the least useful for the 

performance assessment, since they generate data only concerning 



'" 

' .. 

' ' 

, . 

. 1 ' 

•:t. 

- 2 -

the operational phase, not the phase of permanent disposal. The 

dry bin-scale tests will not generate significant quantities of 

gas and will not contribute to modeling of disposal conditions. 

In any event, the amount of gas which will be present in the 

repository after disposal depends on numerous factors not 

disclosed by bin tests, such as brine quantity, closure rate, and 

porosity and permeability. (~~ 33-35) . 

Further safety-related constraints on the bin tests, adopted 

to prevent bin explosions, mean that only low-gas-generating 

wastes can be tested, which miss the main point of the bin tests. 

Bins with high-gas-generating wastes must be purged every nine to 

ten days; this process destroys the utility of the test data for 

the performance assessment. (~~ 36-41). 

There is no scientific need to conduct the bin tests at the 

WIPP. Since the data generated is of the most minor importance 

and cannot be shown to contribute to performance assessment, 

there is no justification, in Dr. Scheetz's opinion, for 

conducting the bin tests at the WIPP. (~~ 42-43). 
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AFFIDAVIT OF BARRY E. SCHEETZ 

Barry E. Scheetz under penalty of perjury states as follows: 

1. I am a Professor of Materials at Pennsylvania State 

University and am associated with the Materials Research 

Laboratory. 

2. I make this affidavit to show the Court that the bin 

scale tests proposed to be conducted by the Department of Energy 

("DOE") at the Waste Isolation Pilot Plant ( "WIPP"), to the extent 

they are now ready to be conducted, (1) could as easily be 

conducted in a laboratory setting and gain nothing from being 

conducted in the underground repository and (2) if conducted at the 

WIPP will not generate useful information for purposes of the 

performance assessment of the repository either under standards 

applicable to disposal of radioactive waste (40 C.F.R. Part 191 B) 

or under standards applicable to disposal of hazardous waste (40 

C.F.R. Part 268). 

3. To summarize my scientific background: I acquired a B.S. 

degree in Chemical Education from Bloomsburg State College in 1967 

and a M. S. degree in Geochemistry from The Pennsylvania State 

University in 1972. In 1976 I received my Ph.D. in Geochemistry 

and Mineralogy from The Pennsylvania State University. 

4. My work since 1976 has primarily involved nuclear waste 

management. I have studied and published on issues involving 

radioactive waste isolation by various methods of treatment and 

cementation, interactions among waste and backfill in repository 

1 
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simulations, stability of nuclear waste forms, and hydrothermal 

reactions to various nuclear waste forms. 

5. I have previous experience with the WIPP, in that I have 

collaborated with Sandia National Laboratory ("Sandia") in the 

development of cements for use in the shaft seals for the WIPP 

facility. I am co-author of a study for Sandia entitled "Salt-

Grout Interface and Salt Consolidation Studies," published in the 

Sandia Annual Report, 1987. A copy of the form of resume 

maintained by the University is attached as exhibit A. This resume 

includes a list of publications, grants, patents, and other 

information concerning my scientific background. 

6. I have published the following articles in refereed 

scientific journals concerning problems in the area of nuclear 

waste management. 

a. "Interactions Between Nuclear Waste and 
Surrounding Rocks," Nature 273, 216-217 
(1978). Co-Author. 

b. "Hydrothermal Reactivity of Simulated 
Nuclear Waste Forms and Water-Catalyzed Waste
Rock Interactions," Scientific Basis fo~ 
Nuclear Waste Management, Vol. 1, G.J. 
McCarthy (Ed.), Plenum Press, NY, 471-478 
(1979). Co-Author. 

c. "Role of Admixtures in Preparing Dense 
Cements for Radioactive Waste Isolation," 
Scientific Basis for Nuclear Waste Management, 
Vol. 1, G.J. McCarthy (Ed.), Plenum Press, NY., 
461-466 (1979). Co-Author. 

d. "Permeability Measurements on 
Cementitious Materials for Nuclear Waste 
Isolation," Scientific Basis for Nuclear Waste 
Management, G.J. McCarthy (Ed.), Plenum Press,, 
NY, 471-478 (1979). Co-Author. 
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e. "A Low Temperature Ceramic Radioactive 
Waste Form, Proc. International Symposium, " 
American Ceramic Society, Cincinnati, OH, 136-
142 (May 1979). Co-Author. 

f. "Hydrothermal Stability of Spent Fuel and 
High-Level Waste Ceramics in the Geological 
Repository Environment," Proc. International 
Symposium, American Ceramic Society, 
Cincinnati, OH, 274-276 (1979). Co-Author . 

g. "Hydrothermal Interaction of Simulated 
Nuclear Waste Glass in the Presence of 
Basalts," Scientific Basis for Nuclear Waste 
Management, Vol. 2, C.J. Northrup (Ed.), 
Plenum Press, NY, 207-214 (1980). Co-Author. 

h. "Low Temperature Ceramic Waste Form: 
Characterization of Supercalcine-Based 
Monazite-Cement Composite," Scientific Basis 
for Nuclear Waste Management, Vol. 2, C. J. 
Northrup (Ed.), Plenum Press, NY, 343-349 
(1980). Co-Author. 

i. "Hydrothermal Stability of Simulated 
Radioactive Waste Glass," Solid Stat~ 
Chemistry: A Contemporary Overview, Adv. in 
Chem. Ser. 186, M. Joan Amstock (Ed.), 
American Chemical Society, Washington, D.C., 
349-389 (1980). Co-Author. 

j. "Comparison of Tailored Cement 
Formulations for Borehole Plugging in 
Crystalline Silicate Rocks and Evaporite 
Mineral Sequences," Scientific Basis for 
Nuclear Waste Management, Vol . 2, C. J .. 
Northrup (Ed.), Plenum Press, NY, 437-444 
(1980). Co-Author. 

k. "Shale Rocks as Nuclear Repositories: 
Hydrothermal Reactions with Glass, Ceramic and 
Spent Fuel Waste Forms," Scientific Basis for 
Nuclear Waste Management, Vol. 2, C.J. 
Northrup (Ed.), Plenum Press, NY, 499-506 
(1980). Co-Author. 

1. "Application of Gandolfi X-ray 
Diffraction to the Characterization of 
Reaction Products from the Alteration of 
Simulated Nuclear Waste," 23rd Denver X-ray 
Conference, Denver, CO, 265-269 (1980). Co
Author. 
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m. "Modified Cement-Based Borehole Plugging 
Materials: Properties and Potential 
Longevity, " Proceedings of the Workshop on 
Borehole and Shaft Plugging, ONWI, Columbus, 
OH, 194-195 (1980). Co-Author. 

n. "Hydrothermal Interaction of a Ceramic 
Waste Form with Basalt," Alternative Nuclear 
Waste Forms and Interactions in Geological 
Media, ORNL, CONF-8005107, 44-57 (April 1981). 
Co-Author. 

o. "Hydrothermal Interactions of Basalt with 
Cs and Sr of Spent Fuel Elements," J. Inorg._ 
Nucl. Chem. 43, 1967-1975 (1981). Co-Author. 

p. "Characterization of Samples of a Cement
Borehole Plug in Bedded Evaporites from 
Southeastern New Mexico," Cement and Concrete 
Res. 11 (1), 131-142 (1981). Co-Author. 

q. "Comparative Study of Hydrothermal 
Stability Experiments: Application to 
Simulated Nuclear Waste Forms, " Nuclear and 
Chemical Waste Management ~. 229-236 (1981). 
Co-Author. 

r. "Dissolution of Aluminum, Titanium and 
Zirconium-based Crystalline Waste Fonn 
Components," J. Nuclear Technology 56 (2) , 
289-296 (1982). Co-Author. 

s. "Leach Characterization of Cement 
Encapsulated Wastes, " Nuclear and Chemical 
Waste Management ~. 35-42 (1982). Co-Author. 

t. "Stability of I and Sr Radiophases in 
Cement Matrices, " Scientific Basis for Nuclear 
Waste Management, Vol. 6, S. Topp (Ed.), 
North-Holland, NY, 147-154 (1982). Co·· 
Author. 

u. "The System SrMo0 4 -BaMoMo0 4 -CaMo04 : 
Compatibility Relations, The Implications for 
Supercalcine Ceramics, " Scientific Basis fm~ 
Nuclear Waste Management, Vol. 6, S. Topp 
(Ed.), North-Holland, NY, 155-162 (1982). Co
Author. 

v. "Backfill Waste Interactions in 
Repository Simulating Tests," Scientific Basis 
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for Nuclear Waste Management, Vol. 6, S. Topp 
(Ed.), North-Holland, NY, 397-404 (1982). Co
Author . 

w. "Studies of Pollucite," Scientific Basis 
for Nuclear Waste Management, Vol. 6, S. Topp 
(Ed.), North-Holland, NY, 31-36 (1982). Co-
Author. 

x. "Phase Relations in the Uranium-Oxygen·
Water System and Its Significance on the 
Stability of Nuclear Waste Forms," Uranium .l 
(1), 79-110 (1982). Co-Author. 

y. "Hydrothermal Simulation of Ion Migration 
in Selected Argillaceous Sediments: 
Implication for Backfill Design," Scientifiq 
Basis for Nuclear Waste Management, Vol. 7, D. 
Brookins (Ed.), North-Holland, NY, 769-776 
(1983). Co-Author. 

z. "Compatibility Relationships in the U·
Fe-0 (-H) System at 400°C: The Implications of 
the Ferric-Ferrous Buffer for the 
Immobilization of Uranium and Transuranic 
Elements," Scientific Basis for Nuclear Wast~ 
Management, Vol. 7, D. Brookins (Ed.), North
Holland, NY, 91-95 (1983). Co-Author. 

aa. "An ICPP Aluminum Phosphate Ceramic Waste 
Form: Synthesis and Room Temperature Aqueous 
Stability," Proceedings of 2nd International 
Conference on Ceramics for Nuclear Waste,. 
Advances in Ceramics, Nuclear Waste 
Management, Vol. 8, G.G. Wicks and W.A. Ross 
(Eds.) , American Ceramic Society, Inc., 
Columbus, OH, 263-272 (1983). Co-Author. 

bb. "Quantitative X-Ray Analysis of ICPP 
Simulated High Alumina Waste," Advances in X-· 
Ray Analysis, Vol. 28, 33rd Annual Denver 
Conference on Applications of X-Ray Analysis, 
321-336 (1985). Co-Author. 

cc. "Properties of Cement Solidified 
Radioactive Waste Form with High Levels of 
Loading," Bull. Am. Cer. Soc. 64 (5), 687-690 
(1985). Co-Author. 

dd. "The Role of Boron in Monitoring the 
Leaching of Borosilicate Glass Waste Forms, " 
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Scientific Basis for Nuclear Waste Management 
VIII, Vol. 44, C.M. Jantzen, J.A. Stone and 
R.C. Ewing (Eds.), Materials Research Society, 
Pittsburgh, PA, 129-134 (1985). Co-Author. 

ee. "Stability of NZP Waste Forms and Their 
Application to ICCP waste," Scientific Basis 
for Nuclear Waste Managment VIII, Vol. 44, 
C.M. Jantzen, J.A. Stone, and R.C. Ewing 
(Eds.), Materials Research Society, 
Pittsburgh, PA, 903-910 (1985). Co-Author. 

ff. "Geochemical Performance Evaluation and 
Characterization of a Potential Cementitious 
Repository Sealing Material for Application in 
the Topopah Spring Tuff NNWSI Investigations, " 
Scientific Basis for Nuclear Waste Management 
VIII, Vol. 44, C.M. Jantzen, J.A. Stone and 
R.C. Ewing (Eds.), Materials Research Society, 
Pittsburgh, PA, 935-942 (1985). Co-Author. 

gg. "Sodium Zirconium Phosphate (NZP) , "Novel 
Waste Forms, W. Lutze and R.C. Ewing (Eds.), 
Elsevier Science Publishers, NY, 596-600 
(1988). Co-Author. 

hh. "Physical and Mechanical Properties of 
Thermally Altered Cementitious Sealing 
Materials for a Nuclear Waste Repository in 
Tuff," Proc. International Conference on the 
Use of Fly Ash. Silica Fume. Slag & Natural 
Pozzolans in Concrete, Trondheim, Norway, 
Third CANMET/ACI International Conference on 
Fly Ash, Silica Fume, Slag and Natural 
Pozzolans in Concrete, Trondheim, V .M. 
Malhotra (Ed.), American Concrete Institute, 
Vol. 2, 1597-1614 (1989). Co-Author. 

ii. "Elevated Temperature (Hydrothermal} 
Stability of Cementitious Sealants for A Deep 
Geological Repository in Tuff," Nuclear and 
Chemical Waste Management 2,, 253-259 (1989) .. 
Co-Author. 

7. I have been retained as a consultant to the State of New 

Mexico to assess the scientific significance of the bin-scale tests 

proposed to be conducted at the WIPP under the rules applicable to 

radioactive waste disposal and disposal of hazardous waste. 
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8. I have reviewed various materials concerning the 

performance assessment of the WIPP: 

a. 40 C.F.R. Part 191 

b. Test Plan: Alcove CH TRU Tests (SAND 90 8499) 

c. Test Plan: Bin CH TRU Tests (SAND 90 8500) 

d. Test Plan: Performance Assessment (DOE WIPP 89-011) 

e. Test Plan Addendum #1: Bin scale tests (SAND 90-2082) 

f. Status Report: Potential for Long-Term Isolation 
(SAND 90-0616) 

g. Preliminary Comparison with 40 C.F.R. Part 191 B 
(SAND 90-2347) 

h. WIPP Performance Assessment: 1990 Snapshot (SAND 90-
2338) 

i. Status of the WIPP Project (Neill & Chaturvedi) (Waste 
Mgmt. I 91) 

j . WIPP FSAR Addendum (July 1991) 
(excerpts) 

(WP 02-9 Rev. O) 

K. Letter, EEG to Hunt (DOE), Aug. 9, 1991 

1. Critical Experiments and Time Lines (W.D. Weart, SNL) 
(Aug. 12, 1991) 

9. The regulations which contain the standards that the WIPP 

facility must meet to be employed as a nuclear waste repository 

were promulgated by the Environmental Protection Agency ("EPA") and 

are set forth, as issued in 1985, at 40 C.F.R. Part 191 B. I 

understand that the regulations were vacated by the Court of 

Appeals for the First Circuit but that the DOE has continued with 

a Performance Assessment using the 1985 standards, pending 

reissuance of new standards. 
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10. The regulations applicable to disposal of hazardous waste 

were promulgated by the EPA under the Resource Conservation and 

Recovery Act and are set forth in 40 C.F.R. Part 268. 

11. The EPA radiation standards impose a test in terms of 

probabilities. The standards include a containment requirement, 

which provides that a release of radioactivity to the biosphere of 

a specified amount, depending on the total amount of waste, shall 

not have a probability of more than one in ten of occurring in the 

10,000 years after disposal, and shall not have a probability of 

more than one in 1,000 of exceeding ten times the release limit in 

that time period. (40 C.F.R. §191.13 (a)). There is also a 

limitation on radiation dosage to any individual. 

§191.15) 

(40 C.F.R. 

12. As I understand it, the process of demonstrating 

compliance with the EPA radiation standards is referred to as a 

"performance assessment." (40 C.F.R. §191.12 (q)) Briefly, a 

performance assessment seeks to identify the processes which might 

affect the disposal system, examine the effects of such processes 

on the system's performance, and estimate the cumulative release 

of radionuclides, considering the associated uncertainties. The 

estimates are to be expressed in an overall probability 

distribution of cumulative releases. (Id.) In other words, the 

intended product is a graphic representation showing probability 

of releases on the vertical axis and the sum of all releases on the 

horizontal axis. Such a graph, showing the magnitude of cumulative 
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releases at different levels of probability, is known as a 

complementary cumulative distribution function ("CCDF"). 

13. The approach employed by Sandia National Laboratories 

("Sandia") in conducting a performance assessment involves the 

production of complementary cumulative distribution functions for 

various sets of "scenarios" depicting possible releases of 

radioactivity. Ultimately, the CCDF's for individual scenarios 

will be summed to express the overall likelihood of release to the 

biosphere. 

14. The likelihood and consequences of a release for each 

scenario are examined by first developing conceptual models of 

pertinent elements of the disposal system. These conceptual models 

are thus expressed as mathematical computer model descriptions, for 

example, of the geology of the disposal site, hydrologic and gas

flow characteristics, gas generation characteristics, and 

repository seal characteristics. 

15. Using the computer model descriptions, the release 

scenarios are examined to determine the degree of importance of 

uncertain or unknown elements of the scenario--parameters--to the 

likelihood and the consequences of a release of radioactivity. 

This is the process of sensitivity analysis. 

16. The original bin,- scale test plan (January 1990) set down 

several test objectives. The principal goal of the tests is to 

"[q] uantify with a high degree of control gas generation- -and 

depletion--rates, and compositions from actual TRU wastes, as a 

function of waste type, time, and interactions with brines and 
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other repository natural and engineered barrier materials." (WIPP 

Test Plan: Bin CH TRU Tests (SAND 90 8500) , at 14-15 (,Jan 1990)) . 

Thus, the main goal is to measure the gas which is generated by 

transuranic waste in a repository after disposal. The purpose is 

said to be to "establish an acceptable level of confidence in the 

WIPP PA [Performance Assessment] calculations." (Id.) 

17. Based upon a review of the Preliminary Comparison with 

40 C.F.R. Part 191, Subpart B for the Waste Isolation Pilot Plant, 

December 1990, there has not yet been any sensitivity analysis of 

the parameter of the rate of gas generation as it may affect any 

of the release scenarios. Thus, it is not possible to state as a 

scientific matter that the rate of gas generation is an important 

unknown, or uncertain, factor in the process of performance 

assessment. 

18. The 1990 Preliminary Comparison also states that the 

current status of the compliance assessment conceptual models of 

gas generation by corrosion and gas generation by biological means 

is "preliminary" (Table V-7), which means that "understanding of 

the component or subsystem is intuitive and incomplete" (Id. V-

107). Thus, the development of a computer model which describes 

the process of gas generation has not gone far enough so that it 

can identify the unknown factors related to gas generation which 

are important to an assessment of compliance with the EPA radiation 

standards. 

19. In fact, the 1990 Preliminary Comparison expressly states 

that " [s] imulations that incorporate gas are preliminary, and 
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cannot be used to quantify sensitivity of the modeling system to 

gas gemeration." (Id. VI-1). In other words, the computer models 

cannot be used to show that gas generation information is 

important. 

2:0. The 1990 Preliminary Comparison contains other 

sensitivity studies with regard to (a) scenario probability 

assignment, (b) radionuclide transport submodel, (c) multiple human 

intrusion events, and (d) waste modification. Each of these 

sensitivity studies omits consideration of gas pressurization (Id. 

VI-7, VI-10, VI-12, VI-15, VI-19). Thus, none of these studies can 

be used to assess or assert the importance of gas generation data. 

21. The 1990 Preliminary Comparison incorporates two 

preliminary simulations involving gas generation. Neither of these 

indicates that the precise rate of gas generation is a critical 

factor in assessing repository performance. 

22. The first of these simulations involves a depiction of 

gas saturation in various elements of the undisturbed repository, 

using existing gas generation data (Id. VI-22). The study as 

published does not vary the gas generation rate to determine the 

significance of that factor, and the results do not tend to 

establish the importance of the precise gas generation rate. 

23. The second of these simulations analyzes flow of brine 

from the repository into a hypothetical bore hole, drilled in 

future oil and gas exploration (Id. VI-28). In this study gas 

generation rates were varied, along with 

determine the amount of escaping brine (Id.). 

11 
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rates were varied between the highest rate anticipated in a certain 

study (Lappin et al., Systems Analysis, Long-Term Radionuclide 

Transport, and Dose Assessments, Waste Isolation Pilot Plant 

(WIPP), March 1989 (SAND 89-0462)), and ten percent of that value 

(at VI-28; Table VI-4). The study showed that the most important 

factor in escape of brine was permeability of an anhydrite layer 

above the waste room. Using the highest anticipated permeability, 

some brine would escape. 

24. However, the gas generation rate was not shown to be a 

critical factor, because the study showed that brine would escape 

both at the maximum expected gas generation rate and at one tenth 

of that rate, and a lesser amount would escape at half the maximum 

generation rate. (Table VI-5). In other words, at all levels of 

gas generation, brine escapes. 

25. More basically, the 1990 study employs several 

unrealistic assumptions. The 1990 Preliminary Comparison states 

that further studies need to be done after a "two dimensional" 

computer program is developed, and after conceptual models are 

developed to describe the actual interrelated processes of gas 

generation, brine saturation, salt creep, and permeability. Until 

that time, the 1990 studies merely illustrate a general approach 

and do not establish the importance of gas generation data in the 

real world: 

"Results presented here for gas generation are 
preliminary, and are primarily a demonstration of the 
methodology that will be further developed to assess the 
effects of gas generation on repository performance. 
More detailed analyses, requiring two-dimensional 
modeling of two-phase flow following intrusion, will be 
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conducted after the two dimensional version of BRAGFLO 
is verified. Conceptual models and data must also be 
developed to describe adequately the coupled processes 
of gas-generation, brine saturation, and salt creep. For 
the simulations presented in the preceding sections, gas
generation rates were assumed to be independent of brine 
saturation. As discussed qualitatively in Chapter V 
("Waste Panel Modeling") , gas generation consumes water, 
and rates will drop as gas displaces brine from the 
waste. Simulations also assumed that permeability of the 
anhydrite remains constant, rather than a function of gas 
pressure that opens pre-existing fractures as gas 
migrates away from the waste panels. Two-dimensional 
BRAGFLO simulations will include these two important 
factors. The importance of other modeling issues (Table 
V- 7) will be assessed through sensitivity analyses." 
(Id. VI-32 through VI-33) . 

26. Until the necessary computer programs and conceptual 

models are developed, and sensitivity studies are conducted with 

them, it is not possible for the DOE to assert that it is important 

to identify gas generation rates, to determine whether the WIPP 

will comply with the EPA radiation standards. 

27. Assertions of the necessity to proceed with bin-scale 

tests must also be examined from the viewpoint of safety-related 

constraints. Various of the proposed tests have unresolved 

problems, and the resolution of these problems may change the 

nature and usefulness of the experiments. Where the DOE has not 

resolved safety and feasibility questions, it cannot be contended 

that the Court would interfere with necessary experiments if it 

ordered that the tests be postponed. 

28. The proposed tests are described in the January 1990 

Alcove test plan; the January 1990 Bin scale test plan; the April 

1990 Test plan, covering all proposed tests; and the December 1990 

Bin scale test addendum. 

13 



29. The following proposed tests are simply not prepared to 

be conducted at present: 

a.. "wet bin" tests 

b. leaching/solubility tests 

c. alcove tests 

30. The wet bin tests involve the addition of up to 120 

liters of brine to the test bins (see Test Plan Addendum #1, WIPP 

Bin-Scale CH TRU Waste Tests at 19 (Dec. 1990) ) . However, the WIPP 

waste acceptance criteria do not allow disposal of waste containing 

more than 1% free liquids, and the added brine would exceed the 1% 

limit. Therefore, the brine at some point must be removed by 

draining or pumping or some form of solidification in place. No 

procedure has been developed to accomplish this removal (Id. 84-

85), which under DOE order 6430. lA requires a containment to 

prevent the possible release of radioactive liquids. 

31. The leaching/solubility tests involve determination of 

the extent to which radionuclides become dissolved in brine. Such 

tests will involve addition of brine to waste and the periodic 

sampling of brine. However, the extraction of radioactive liquid 

requires a containment to prevent the release of radioactivity in 

event of a spill. (DOE Order 6430.lA, Sec. 1325). No such 

procedure exists to extract liquids safely. The leaching/ 

solubility tests will be the subject of a separate test plan, which 

has not yet been issued. (See Test Plan Addendum #1: WIPP Bin

Scale CH TRU Waste Tests, at 13 (Dec. 1990)). When and if such a 

plan i.s issued, the need for such tests can be evaluated. 
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32. In addition, the alcove tests are also unprepared to 

proceed, because no means has been developed to seal the alcoves 

to prevent escape of gas. The current DOE plans anticipate that 

the seal will not even be tested until 1993 (W.Weart presentation, 

Aug. 1:2, 1991). Thus, the alcove tests cannot proceed at present. 

Again, the need for such tests can be assessed when their 

configuration is established. 

33. The only tests which the DOE appears to be prepared to 

conduct are the dry bin-scale tests. However, these are the least 

justifiable tests from the standpoint of a performance assessment. 

In these tests no brine is added to the waste. The dry bin tests 

will srenerate data reflecting the rate of gas generation only 

during the operational phase of the repository, prior to permanent 

disposal. During the operational phase, it is not anticipated that 

significant quantities of brine will enter and remain in the 

repository horizon, because brine will be removed by the 

ventilation system. Information about the operational phase is not 

material to whether the amount of gas generated from brine-soaked 

waste in a sealed repository will affect the repository's 

compliance with long-term disposal standards. 

34. Not only do such tests fail to duplicate disposal 

conditions but also they will fail to generate significant 

quantities of gas, because the presence of brine is necessary to 

corrosion and biological action, which are the primary gas

producing reactions. In consequence, the results of dry bin tests 
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will not contribute materially to modeling of disposal conditions 

or the level of confidence in performance assessment calculations. 

35. Moreover, even if Sandia were prepared to conduct 

experiments to determine the rate of gas generation by a given 

amount of waste and brine, such experiments would not disclose how 

much gas would, in fact, be present in the repository after 

disposal. Only after modeling the interrelated elements of brine 

quantity, room closure rate, rock porosity and permeability and 

other factors will scientists be able to determine whether the rate 

of generation of gas from specific waste types in contact with 

specific amounts of brine is an important variable which needs to 

be established experimentally. 

36. The Court should also be aware of additional safety

related constraints upon the bin tests which drastically inhibit 

the utility of the test information. Under the Final Safety 

Analysis Report Addendum a procedure of test bin gas monitoring and 

purging with inert gas is required. (FSAR Addendum, dry bin scale 

tests §10 .1. 2) . This requirement means that "experimental bins 

must be purged if the concentration of any f lamrnable gas within the 

bin reaches 50% of the lower limit for flammability" (Memorandum, 

A. Lappin and M. Molecke, April 17, 1991, at 1, ex. B hereto). 

The flammable gases include hydrogen (a product of corrosion, e.g., 

of steel waste drums) and methane (a product of biological action 

upon organic wastes) . 

37. Sandia has concluded that the bin and instrumentation 

design are not "inherently safe" and not adequate for operations 
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above 50% of the lower flammability limit (Id. 2). As a result, 

the equipment is only usable for tests with "wastes for which net 

gas-generation rates are on the order of o .1 moles/drum/year," 

which "essentially permits only radiolytic gas degradation" (Id. 

2,4). The effects of radiolytic gas generation are of very minor 

interest compared to the effects of corrosion and biological 

action, and there is clearly no present need to conduct tests 

simply to hone the understanding of radiolysis. Sandia has 

estimated that only 0.005 moles/drum/year of gas will be produced 

by radiolysis. (Test Plan: WIPP Bin-Scale CH TRU Waste Tests, 

SAND 90-8500, at 118 (January 1990)). In comparison, 0.85 

moles/drum/year is expected to be produced by microbial action and 

1.7 moles/drum/year may be produced by anaerobic corrosion. 

(Lappin, et al., 1990). The amount of gas produced by radiolysis, 

in other words, is minuscule and is not the sort of information 

that might be useful in predicting significant interactions among 

gas, brine, room closure, and rock permeability. 

38. Sandia has stated that "[b]ecause of the purging 

restraint, it appears that only 'dry' low-organic or other 'low

gas generating' wastes can be tested without modification to the 

present testing plans and/or the bin and attached instrumentation." 

(Memorandum, A. Lappin and M. Molecke, April 17, 1991, at 2) But 

tests with low gas generating wastes miss the main point of the bin 

tests, which is to study and measure the generation of gas in the 

repository after disposal (See January 1990 bin-scale test plan at 

14-15) . 
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39. More importantly, Sandia has also concluded that, even 

if bins can be altered to contain flammable gases, purging of the 

flammable gases regularly--every nine to ten days (Id. 7)-

destroys the utility of the test data for the performance 

assessment: 

40. 

"The major consequence of using purging to control bin 

flammability-safety concerns is to render the resultant 

data as applicable only to the short-term (early-years) 

of repository operation. Resultant data interpretations 

will be of little use for PA [performance assessment] 

predictive modeling, as claimed by the project, and may 

not support initial receipt of such wastes at the WIPP, 

for purposes of evaluating compliance with 40 C.F.R. 191 

Part B 11 (Id. 3 - 4) 

Sandia has concluded that, as a result, it cannot claim 

that the tests are necessary either for the performance assessment 

under the radioactive waste disposal standards, 40 C.F.R. 191 Part 

B, or for determination of compliance under the hazardous waste 

regulations, 40 C.F.R. Part 268. The consequences of bin purging 

are: 

11 1. Inability to claim that gas compositions measured during 

the experiments are representative of those expected 

under realistic, long-term repository conditions, as 

justified in the Test Plan. The required number of bin 

purges for wastes that generate gases at high rates would 

completely eliminate the present objective of having gas 
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compositions in the bin tests approach or simulate those 

expected under long-term repository conditions." 

5) • 

* * * 

"2. Inability to claim, as a defensible fallback that the 

experimentally measured, but purged and therefore non

representati ve gas compositions and generation rates are 

"bounding" and therefore usable for purposes of 

Performance Assessment (PA)" (Id. 6). 

* * * 

"4. Inability to claim that the experimental (bin internal) 

oxidation potential is in any way representative of that 

expected in the long-term." (Id. 7). 

* * * 

"5. Inability to conduct more than about four (4) bin tests 

on high gas generating HO [high organic] or PS [process 

sludge] wastes in the WIPP underground, if the proposed 

FSAR Addendum purging approach is adopted, and as 

presently constrained by the 3L/min. maximum (input) flow 

II 6 • 

rate for the voe-manifold system. This not a firm 

estimate; however, it indicates the extremely limited 

utility of the WIPP underground as presently 

constrained." (Id. 7) 

* * * 

Inability to distinguish 

degradation mechanisms ( e . g . 

19 
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corrosion) , due to elimination of minor gases 

(potentially to less than detectable levels) by frequent 

purging. The long-term interactions that occur at high

gas concentrations, e.g., poisoning or (microbial) 

fertilization, will be prevented and not investigated." 

(Id. 7) . 

Elimination of 

degradation of 

realistically 

* * * 
the ability to investigate microbial 

[volatile organic compounds] in a 

simulated repository environment ... 

Without such demonstration, compliance with respect to 

40 C.F.R. 268 may prove difficult or impossible." (Id. 

8) • 

41. Sandia also has concluded that the "operational problems 

involved in frequent purging of any significant number of bins also 

appear to be insurmountable at present." (Id. 7) For instance, 

only one bin can be purged at once, and it takes three to five days 

to complete purging. Purging must be performed every nine to ten 

days. (Id.) Simple arithmetic shows that the DOE is not prepared 

to set up an underground laboratory containing approximately 100 

bins. 

42. Problems of this nature raise the obvious question: Why 

is it necessary to conduct the bin tests at the WIPP? In fact, 

there is no scientific need to conduct the bin tests at. the WIPP. 

The bin-scale tests are planned to be conducted in bins which are 

loaded with waste at the place of storage, e.g., Idaho National 
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Engineering Laboratory, sealed and maintained under pressure 

throughout the test period. The only occasion for communicating 

with the bin atmosphere is to extract gas for testing or 

monitoring, to relieve excessive gas pressure, or to purge 

potentially explosive gases. These operations could be conducted 

at any location. To conduct them at the WIPP site or underground 

adds nothing to the experiment. 

43. The January 1990 Bin-Scale test plan states that the 

tests do not have to be conducted at the WIPP: "It is not mandatory 

on a scientific basis that these bin-scale tests be conducted at 

the WIPP. The waste-filled test bins do not directly experience 

the impacts of the repository environment on waste degradation ... " 

(at 28). I agree with these statements. There is no scientific 

requirement to conduct the bin tests at the WIPP--even assuming 

they could be safely and feasibly completed and would generate 

demonstrably relevant data. Since the data generated is of the 

most minor importance and cannot be shown to contribute to 

performance assessment, there is no justification, in my opinion, 

for conducting the bin tests at the WIPP. 

I declare under penalty of perjury that 

and correct. Executed' IJ.f~ttf~~~~~1991. 

I 

_/ 
/ 
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,BARRY E. SCHE 
I 
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I. TEACHING ABILITY AND EFFECTIVENESS 
EXHIBIT A 

Courses Iau&}tt in Resident Instruction 

PA Teaching Certificate-Pennsylvania 

Course Course 
No. Credits Title Instructor 

GSCI4 3 Mineralogy D.K. Smith 
CERSE400 3 Nonmetallic R.E. Newnham 

Crystal Chem. 
GM512 3 Principals of W.B. White 

Crystal Clem. 
SSS590 1 Chemistry of D.M. Roy/ 

Cements G.W. Grutzeck 
MATSI597 3 Materials Science of W.B. White 

Radioactive Wastes 
GEOL509 3 Construction Materials D. Gold 

[Since Dr. Scheetz's position at the Materials Research Laooratory from Fall 1976 to 
present is not affiliated with another College, he does not maintain a regular teaching 
schedule. However, there are opportunities to teach as a substitute for faculty who are 
temporarily out of town or on sabbatical. A record of the semester taught, enrollment 
and class hours per week is not available, nor are student evaluations due to the 
irregularity of teaching. Dr. Scheetz is not compensated for teaching.] 

Continuini Education Instruction 

NIA 

Corres.pondence Course Instruction 

NIA 

Advisin~ Responsibilities 

Eric Plesko, M.S., Solid State Science, 1981. 
Lisa Bratten, M.S., Geochemistry, 1982. 
Paul Sliva, M.S., Solid State Science, 1983. 
Gerald Cox, M.S., Environmental Pollution Control, 1988. 
Paul Sliva, Ph.D., Solid State Science, 1988. 
Lorie Urenovitch, M.S., Environmental Pollution Control, 1988. 
Jeffery Hoffer, M.S., Environmental Pollution Control, 1989. 
Christopher Abate, M.S., Environmental Pollution Control, 1990. 
Petra M. Reiland, M.S., Solid State Science, 1990. 
Scott Atkinson, M.S., Environmental Pollution Control, 1990. 
Diane Dopkin, M.S., Environmental Pollution Control [in progress]. 
Norman Sands, Ph.D., Solid State Science, 1991. 
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Joon Lee, Ph.D., Solid State Scicnc:c [in progress]. 
Kathlene Mayes, M.S., Environmental Pollution Control, 1991. 
Yan Chen, M.S., Electrical Engineering, (1991) 
Christopher Fontana, M.S., Environmental Pollution Control fm progress]. 
Russell Earl, M.S., Environmental Pollution Control [in progress]. 

II. RESEARCH OR CREATIVE ACCOMPLISHMENT 

Publications 

1. Articles Published in Refereed Journals 

White, W.B., O.J. McCarthy, and B.E. Scheetz, "Optical Spectra of Cr, Ni and Co 
Containing Pyroxenes," Am. Mineral.~. 72-89 (1971). Co-Author. 

Scheetz, B.E., and W.B. White, "Synthesis and Optical Absorption Spectra of er2+ 
Containing Orthosilicates," Cont Mineral. and Petrol. .31. 221-227 (1972). Co-Author. 

Scheetz, B.E., and W.B. White, ''The Vibrational Spectra of Alkaline Eanh Double 
Carbonate Minerals," Am. Mineral . .62. 36-50 (1977). Co-Author. 

Burgner, R.P., B.E. Scheetz, and W.B. White, "Vibrational Structure of S2 
Luminescence in Scapolite," Phys. Chem. Minerals 2, 317-324 (1978). Co-Author. 

McCarthy, O.J., W.B. White, B.E. Scheetz, S. Komarneni, DJ{. Smith, and D.M. 
Roy, "Interactions Between Nuclear Waste and Surrounding Rocks," Nature m, 216-
217 (1978). Co-Author. 

Scheetz, B.E., and W.B. White, "Characterization of Anion Disorder in Zirconate 
A2B20, Compounds by Raman Spectroscopy," J. Amer. Ceram. Soc . .62 (9-10), 468-
470 (1979). Co-Author. 

McCarthy, GJ., S. Komarneni, B.E. Scheetz, and W.B. White, "Hydrothermal 
Reactivity of Simulated Nuclear Waste Forms and Water-Catalyzed Waste-Rock 
Interactions," S::entific Basis for Nuclear Waste Mana"ment. Vol. 1, O.J. McCarthy 
(Ed.), Plenum Press, NY, 471-478 (1979). Co-Author. 

Roy, D.M., M. Daimon, B.E. Scheetz, D. Wolfe-Confer, and K. Asaga, "Role of 
Admixtmes in Preparing Dense Cements for Radioactive Waste Isolation," Scientific 
Basis for Nuclear Waste Mana"mcnt. Vol. 1, OJ. McCarthy (Ed.), Plen,um Press, NY, 
461-466 (1979). Co-Author. 

White, E.L., B.E. Scheetz, D.M. Roy, K.O. Zimmerman, and M.W. Orutzeck, 
"Permeability Measurements on Cementitious Materials for Nuclear W astc Isolation," 
Scientific Basis for Nuclear Waste Manaeemcnt, OJ. McCanhy (Ed.), Plenum Press, 
NY, 471-478 (1979). Co-Author. 

Roy, D.M., B.E. Scheetz, M.W. Orutzeck, A.K. Sarkar, and S.D. Atkinson, "A Low 
Temperature Ceramic Radioactive Waste Form, Proc. International Symposium," 
American Ceramic Society, Cincinnati, OH, 136-142 (May 1979). Co-Author. 
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McCanhy, Gregory, I., William B. White, Sridhar Komamcni, Bany E. Scheetz, W. 
Phelps Freeborn, and Deane K. Smith, "Hydrothermal Stability of Spent Fuel and High
Levcl Waste Ceramics in the Geological R9>0sitory Environment," Proc. International 
Symposium, American Ceramic Society, Cincinnati, OH, 274-276 (1979). Co-Author. 

Scheetz, B.E., S. Komameni, D.K. Smith, C.A.F. Anderson, S.D. Atkinson, and G.I. 
McCarthy, "Hydrothermal Interaction of Simulated Nuclear Waste Glass in the Presence 
of Basalts," Scientific Basis for Nuclear Waste Mana&ement. Vol. 2, CJ. Nonhrup 
(F.d.), Plenum Press, NY, 207-214 (1980). Co-Author. 

Roy, D.M., B.E. Scheetz, L.D. Wakeley, and S.D. Atkinson, "Low Temperature 
Ceramic Waste Form: Owacterization of Supercalcine-Based Monazite-Ccmcnt 
Composite," Scientific Basis for Nuclear Waste Mana&ement, Vol. 2, C.J. Northrup 
(Ed.), Plenum Press, NY, 343-349 (1980). Co-Author. 

McCarthy. G.I., B.E. Scheetz, S. Komarneni, D.K. Smith, and W.B. White, 
"Hydrothermal Stability of Simulated Radioactive Waste Glass," Solid State Qiemisny: 
A Cootemporary Overview, Adv. in Clem. Ser. 186, M. Joan Amstock (F.d.), 
American Chemical Society, Washington, D.C., 349-389 (1980). Co-Author. 

Scheetz, B.E., D.M. Roy, E.L. White, and D. Wolfe-Confer, "Comparison of Tailored 
Cement Formulations for Borehole Plugging in Crystalline Silicate Rocks and Evaporite 
Mineral Sequences," Scientific Basis for Nuclear Waste Mana&eroent. Vol. 2, C.J. 
Northrup (Ed.), Plenum Press, NY, 437-444 (1980). Co-Author. 

Freeborn, W.P., M. Zolensky, B.E. Scheetz, S. Komameni, G.J. McCarthy, and 
W.B. White, "Shale Rocks as Nuclear Waste Repositories: Hydrothermal Reactions with 
Glass, Ceramic and Spent Fuel Waste Forms," Scientific Basis for Nuclear Waste 
Mana&ement, Vol. 2, C.J. Northrup (Ed.), Plenum Press, NY, 499-506 (1980). Co
author. 

Scheetz, B.E., E.L. White, D. Wolfe-Confer, and D.M. Roy, "Effects of Mix 
Rheology, Admixtures and Salts upon Physical and Mechanical Propenies of Hardened 
Cement Pastes," 7th International Congress on the Chemistry of Cements, Sepina, Paris, 
VI, 170-175 (1980). Co-Author. 

Anderson, C.A.F., M.E. Zolcnsky, D.K. Smith, W.P. Freeborn, and B.E. Scheetz, 
"Application of ~andolfi X-ray Diffraction to the Oiaracterization of Reaction Products 
from the Alteration of Simulated Nuclear Waste," 23rd Denver X-ray Conference, 
Denver, CO, 265-269 (1980). Co-Author. 

Grutteck, M.W., B.E. Scheetz, E.L. White, and D.M. Roy, "Modified Cement-Based 
Borehole Plugging Materials: Properties and Potential Longevity." Proceedings of the 
Workshop on Borehole and Shaft Plugging, ONWI, Columbus, OH, 194-195 (1980). 
Co-Author. 

Scheetz, B.E., S. Komamcni, D.K. Smith, and C.A.F. Anderson, "Hydrothermal 
Interaction of a Ceramic Waste Form with Basalt," Alternative Nuclear Waste Fonns and 
Interactions in Geolo~cal Media, ORNL, CONF-8005107, 44-57 (April 1981). Co
Author. 

Scheetz, B.E., and S. Komarneni, "Hydrothermal Interactions of Basalt with Cs and Sr 
of Spent Fuel Elements," J. Inore;. Nucl. Chem. 43. 1967-1975 (1981). Co-Author . 
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Wakeley, LD., B.E. Scheetz, M.W. Grutzcck, and D.M. Roy, "Otaracteriz.ation 
of Samples of a Cement-Borehole Plug in Bedded Evaporites from Southeastern 
New Mexico," Cement and Concrete Res.11 (1), 131-142 (1981). Co-Author. 

Scheetz, Bany E., W. Phelps Freeborn, Sridhar Komameni, Scott D. Atkinson, and 
William B. White, "Comparative Study of Hydrothermal Stability Experiments: 
Application to Simulated Nuclear Waste Fcnns." Nuclear and Oiemical Waste 
Management.2, 229-236 (1981). Co-Author. 

Roy, D.M., M. W. Grutzcck, B.E. Scheetz, and E.L White, "Cement Composites 
Using Industrial By-Products: Preparation and Properties," SILICONF, Vol. II, 13th 
Conference on Silicate Science and Silicate Industry, Budapest, Hungary 150-153 
(1981). Co-Author. 

Grutzeck, M.W., D.M. Roy, and B.E. Scheetz, "Microstructurc of High-Lime Fly Ash 
Cementitious Mixes," Cement and Concrete Res. ll (2), 291-294 (1981). Co-Author. 

Scheetz, B.E., M.W. Grutzeck, D.W. Strickler, and D.M. Roy, "Effect of Composition 
of Additives upon Microstructure of Hydrated Portland Cement Composites," G. Gouda 
(Ed.), International Microscopy Association, 307-318 (1981). Co-Author. 

Scheetz, B.E., D.W. Strickler, M.W. Grutzeck, and D.M. Roy, "Physical and Chemical 
Behavior of Selectively Etched Fly Ashes," Effects of Flyash lnCOJllOration in Cement 
and Concrete. S. Diamond (Ed.), Materials Research Society, Pittsburgh, PA, 24-34 
(1981). Co-Author. 

Grutzeck. M. W., D.M. Roy, and B.E. Scheetz, "Hydration Mechanisms of High-Lime 
Fly Ash in Portland-Cement Composites," Effects of Flyash lncO[pOI'ation in Cement 
and Concrete. S. Diamond (Ed.), Materials Research Society, Pittsburgh, PA, 92-102 
(1981). Co-Author. 

Scheetz, Barry E., William B. White, and Scott D. Atkinson, "Dissolution of 
Aluminium, Titanium and Zirconium-based Crystalline Waste Form Components," J. 
Nuclear Technology ~ (2), 289-296 (1982). Co-Author. 

Roy, D.M., B.E. Scheetz, L.D. Wakeley, and M.W. Barnes, "Leach Oiaracterization of 
Cement Encapsulated Wastes," Nuclear and Chemical Waste Management .l. 35-42 
(1982). Co-Author. 

Barnes, M.W., B.E. Scheetz, L.D. Wakeley, S.D. Atkinson, and D.M. Roy, "Stability 
of I and Sr Radiophascs in Cement Matrices," Scientific Basjs for Nuclear Waste 
Mana&eroent Vol. 6, S. Topp (Ed.), North-Holland, NY, 147-154 (1982). Co
Author. 

Scheetz, Barry E., W. Phelps Freeborn, John Pepin, and W.B. White, ''The System 
SrMo04-BaMo04-CaMo04: Compatibility Relations, The Implications for Supcrcalcine 
Ceramics," Scientific Basis for Nuclear Waste Mana&ement, Vol. 6, S. Topp (Ed.), 
North-Holland, NY, 155-162 (1982). Co-Author. 

Sasaki, N., S. Komameni, B.E. Scheetz, and R. Roy, "Backfill Waste Interactions in 
Repository Simulating Tests," Scientific Basjs for Nuclear Waste Mana&ement, Vol. 6, 
S. Topp (Ed.), North-Holland, NY, 397-404 (1982). Co-Author. 
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Vance, E.R., B.E. Scheetz, M.W. Barnes, and B.J. Bodnar, "Studies of Pollucite," 
Scientific Basis for Nuclear Waste Mana&cment, Vol. 6, S. Topp (F.d.), North-Holland, 
NY, 31-36 (1982). Co-Author. 

Smith, Deane K., Barry E. Scheetz, Christine A.F. Anderson, and Kingsley L. Smith, 
"Phase Relations in the Uranium-Oxygen-Water System and Its Significance on the 
Stability of Nuclear Waste Forms," Uranium 1 (1), 79-110 (1982). Co-Author. 

Bratton, Lisa, Barry E. Scheetz, and William B. White, "Hydrothermal Simulation of 
Ion Migration in Selected Argillaceous Sediments: Implication for Backfill Desi~" 
Scientific Basis for Nuclear Waste Manaeement, Vol 7, D. Brookins (Ed.), North
Holland, NY, 769-776 (1983). Co-Author. 

Smith, Deane K., W. Phelps Freeborn, and Barry E. Scheetz, "Compatibility 
Relationships in the U-Fe-0(-H) System at 400·c: The Implications of the Ferric
Ferrous Buffer for the Immobilization of Uranium and Transuranic Elements," Scientific 
Basis for Nuclear Waste ManaGment, Vol. 7, D. Brookins (F.d.), Nonh-Holland, NY, 
91-95 (1983). Co-Author. 

Scheetz, Barry E., and William B. White, ''Temperature-Dependent Raman Spectra of 
Rare-Earth Titanates with the Pyrochlore Structure: A Dipolar Order-Disorder 
Transition," Optical Engineering 2.2 (3), 302-307 (1983). Co-Author. 

Sliva, Paul, and Barry E. Scheetz, "An ICPP Aluminum Phosphate Ceramic Waste 
Form: Synthesis and Room Temperature Aqueous Stability," Proceedings of 2nd 
International Conference on Ceramics for Nuclear Waste, Advances in Ceramics, 
Nuclear Waste Manaeement. Vol. 8, G.G. Wicks and W.A. Ross (Eds.), American 
Ceramic Society, Inc., Columbus, OH, 263-272 (1983). Co-Author. 

Roy, Della M., M. Perez, Barry E. Scheetz, and P.H. Licastro, "Dimensional Changes 
and Expansive Properties of Ccmentitious Grouts, "AO Procee<lines. SP83-3. American 
Concrete Institute, 43-59 (1983). Co-Author. 

Jun-yuan, He, Barry E. Scheetz, and Della M. Roy, "Hydration of Fly Ash-Portland 
Cements," Ccm. Con. Res . .!$ 505-512 (1984). Co-Author. 

Jun-yuan, He, Barry E. Scheetz, and Della M. Roy, "Comparison of Tuff and Flyash in 
Cement," J. American Ceramic Society M.. 707-711 (1985). Co-Author. 

Sliva, Paul, Mary Bliss, and Barry E. Scheetz, "Quantitative X-Ray Analysis of ICPP 
Simulated High Alumina Waste," Advances in X-Ray Analysis, Vol. 28, 33rd Annual 
Denver Conference on Applications of X-Ray Analysis, 321-336 (1985). Co-Author. 

Scheetz, B.E., D.M. Roy, C. Tanner, M.W. Barnes, M. W. Grutzcck, and S.D. 
Atkinson, "Properties of Cement Solidified Radioactive Waste Form with High Levels of 
Loading," Bull. Am. Cer. Soc.~ (5), 687-690 (1985). Co-Author. 

Scheetz, Barry E., William B. White, and F. Adar, "Lasar Raman Microprobe 
Characterization of Fly Ash," Advances in Materials Characterization II, R.L. Snyder, 
R.A. Condratc, Sr., and P.E. Johnson (Eds.), Materials Science Research, Vol. 19, 
Plenum Press, NY, 145-154 (1985). Co-Author. 
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Scheetz, Barry E., and William B. White, "Oiaracteri.zati of Crystalline Phases in Fly 
Ash by Microfocus Raman Spectroscopy," fly Ash and Coal Cooyersion By-Products: 
Characterization. Utilization and Disposal L Vol. 43, G.J. McCanhy and RJ. Lauf 
(Eds.), Materials Research Society, Pittsburgh, PA, 53-60 (198S). Co-Author. 

Wisc, S., J.A. Satkowski, B.E. Scheetz. J.M. Rizer, M.L. Mackenzie, and D.D. 
Double, ''The Development of a High Stren~ Ccmentitious Tooling/Molding Material," 
VCO' Hi&h Strco&t}l. Cement-Based Matenals. Vol. 42, J. Francis Young (F.d.), 
Materials Research Society, Pittsburgh, PA, 253-256 (1985). Co-Author. 

Roy, Della M., Z.Cmbe-E Nakagaw~ Barry E. Scheetz, and Elizabeth L. White, 
"Optimized High Strength Mortars: Effects of Otemistry, Particle Packing and Interlace 
Bonding," Yezy Hi&h Stren&th. Cement-Based Materials. Vol. 42, J. Francis Young 
(Ed.), Materials ~esearch Society, Pittsburgh, PA, 245-252 (1985). Co-Author. 

Scheetz, Barry E., W. Phelps Freeborn, Deane K. Smith, Ouistine Anderson, Michael 
Zolensky, and William B. White, "The Role of Boron in Monitoring the Leaching of 
Borosilicate Glass Waste Forms," Scientific Basis for Nuclear Waste Manamncnt ym, 
Vol. 44, C.M. Jantzen, J.A. Stone and R.C. Ewing (Eds.), Materials Research Society, 
Pittsburgh, PA, 129-134 (1985). Co-Author. 

Scheetz, B.E., S. Komarneni, W. Fajun, L.J. Yang, M. Ollinen, and R. Roy, "Stability 
of NZP Waste Forms and Their Application to ICCP Waste," Scientific Basis for 
Nuclear Waste Manuemeot vm. Vol. 44, C.M. Jantzen, J.A. Stone, and R.C. Ewing 
(Eds.), Materials Research Society, Pittsburgh, PA, 903-910 (1985). Co-Author. 

Scheetz, Barry E., and Della M. Roy, "Geochemical Performance Evaluation and 
Characterization of a Potential Cementitious Repository Sealing Material for Application 
in the Topopah Spring Tuff NNWSI Investigations," Scientific Basis for Nuclcar Waste 
Manaeemeot ym. Vol. 44, C.M. Jantzen, J.A. Stone and R.C. Ewing (Eds.), Materials 
Research Society, Pittsburgh, PA, 935-942 (1985). Co-Author. 

White, William B., Barry E. Scheetz, Scott D. Atkinson, Dale Ibberson, and Catherine 
A. Chess, "Mineralogy of Rohrer's Cave," Lancaster County, PA, The NSS Bulletin 
.41. 17-27 (1985). Co-Author. 

Sliva, Paul, L.E. Cross, T.R. Gururaja, and Barry E. Scheetz. "Macro-Defect Free 
Processing and Low Frequency Dielectric Response of Calcium Aluminate Cements," 
Materials Letters .4 (11-12), 475-480 (1986). Co-Author . 

Sliva, Paul, L.E. Cross, T.R. Gururaj~ and Barry E. Scheetz, "Dielectric Permitivity of 
Calcium Aluminate Cement-Glass Microsphere Composites," Materials Letters .4 (11-
12), 475-480 (1986). Co-Author. 

Z.Cllmer, Lauren, Deane K. Smith, and Barry E. Scheetz, "Synthesis and Cell 
Refinements ofBa5LiTiN1:XJOJo and Ba2Na3Gd.Nb100Jo Ferroelectrics," Powder 
Diffraction 1 (4), 325-327 (1986). Co-Author. 

Barnes, M.W., B.E. Scheetz, and D.M. Roy, "The Effect of Chemically Adjusting 
Cement Compositions on Leachability of Waste Ions," Adyances in Ceramics. Vol. 2.Q, 
American Ceramic Society, Cincinnati, OH, 305-311 (1986). Co-Author. 
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Zellmer, Lauren, Diane Pfoertsch, Deane IC. Smith, and Barry E. Scheetz, "Synthesis 
and Cell Refinements of Na3Ba3 WNl)90)o, SrsBi1i)Nb70:3o and KBaSrNbs015 
Fcrroclectrics." Powder Diffraction l (1), 325-327 (1986). Co-Author. 

Stevenson, Christopher M., W. Phelps Freeborn., and Barry E. Scheetz, "Obsidian 
Hydration Datin~ An Improved Optical Technique fer Mcasming the Width of the 
Hydration Rim," Archacomctry 22 (1), 1~123 (1987). Co-Author. 

Hemmings, R.T., E.E. Berry, BJ. Cornelius, and B.E. Scheetz, "Spcciation in Size 
and Density Fractionated Ay Ash II: Characteriz.atin of Low-Calcium, High-Iron Ay 
Ash," Fly Ash and Coal Conversion By-Product Qiaractcrization. Utili1.1tion and 
Disposal II, G.J. McCarthy, F.P. Glasser, D.M.. Roy and S. Diamond (Eth.), Materials 
Research Society, Pittsburgh, PA, Vol. 86, 81-98 (1987). Co-Author. 

Sliva, Paul, M. Leffler, M. Bliss, L.E. Cross. and B.E. Scheetz, "High Frequency 
Dielectric Response of Calcium Aluminate Cements: Potential Packaging Substrate 
Materials," Electronic Packa~n~ Materials Scicncc, Jaccodinc, Jackson, and Sundahl 
(Eds.), Materials Research Society, Materials Research Society, Pittsburgh, PA, Vol 
108, 177-185 (1988). Co-Author. 

Scheetz, Barry E., and Rustum Roy, "Sodium Zirconium Phosphate (NZP)," ~ 
Waste Foons, W. Lutze and R.C. Ewing (Eds.), Elsevier Science Publishers, NY, 596-
600 (1988). Co-Author. 

Scheetz, Barry E., and Christopher M. Stevenson, 'The Role of Resolution and Sample 
Preparation in the Hydration Rim Measurements: Implications for Experimentally 
Determined Hydration Rates," American Antiquity ll (1), 110-117 (1988). Co-Author. 

Zellmer, Lauren A., Deane K. Smith, Diane Pfocrtsch, and Barry E. Scheetz, "Synthesis 
and Unit Cell Refinement of 25 Tungsten Bronz.c Fcrroelectrics," Powder Diffraction J 
(4), 222-233 (1988). Co-Author. 

Scheetz, Barry E., Walter A. Yarbrough, and Eric P. Plesko, "A Particulate Sample 
Preparation Technique for the Laser Raman Microprobc," American MineralogistH 
(1&2), 271-272 (1989). Co-Author . 

Catchen, Gary T .. ! Lorenz H. Menke, Jr., Khalid Jamil, Michael Blaszkiewicz, and 
Barry E. Scheetz, "Anomalous Asymmetry of the Electric Field Gradient at the Ti-Site in 
Ba2CTio.95Hfo.05)(Ge2xSi2-2x)08 Ceramics Measured by Perturbed-Angular
Correlation Spectroscopy," Phys. Rev. B .32 (6), 3826-3524 (1989). Co-Author . 

Scheetz, Barry E., Della M. Roy, and Clarence Duffy. "Physical and Mechanical 
Properties of Thennally Altered Cementiti.ous Sealing Materials for a Nuclear Waste 
Repository in Tuff," Proc. International Conference on the Use of By Ash. Silica Fume. 
Sia& & Natural Pozzolans in Concrete. Trondheim, Norway, Third CANMET/AO 
International Conference on Ay Ash, Silica Fume, Slag and Natural Pozzolans in 
Concrete, Trondheim, V.M. Malhotra (Ed.), American Concrete Institute, Vol. 2, 1597-
1614 (1989). Co-Author . 

Scheetz, B.E., D.M. Roy, and C. Duffy, "Elevated Temperature (Hydrothermal) 
Stability of Cementi.tious Sealants for a Deep Geological Repository in Tuff," Nuclear 
and Chemical Waste Management2. 253-259 (1989). Co-Author . 
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Stevenson, Christopher M., John K. Bates, Tcofilo A. Abrajano, and Bany E. Scheetz, 
"Obsidian and Basaltic Glass Dating Requite Significant Revision of High Temperature 
Rate Development Methods," SAS Bulletin .1l (1), 3-S (1989). Co-Author . 

Stevenson, Ouistopher M., John Carpenter, and Barry E. Scheetz., "Recent Advances in 
the Determination and Application of Induced Hydration Rates in Obsidian," 
Archaeometty lL 193-206 (1989). Co-Author. 

Sliva. Paul, G.O. Dayton, L.E. Cross, and B.E. Scheetz., "Tape Casting of Calcium 
Aluminate Cement for Microelectronic Packaging Applications." American Ceramic 
Society, Advances in Ceramics 26. 85-97 (1989). Co-Author. 

Morrison, S.D. Atkinson, Alan Davis, and B.E. Scheetz., "The Use of COFPatents2 
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Interactions of Cesium and Strontium Phases from Spent Unreproccssed Fuel with 
Basalt Phases and Basalts," RHO-BWI-C, Rockwell Hanford Operations, Richland, WA 
(Jan. 31, 1979). Co-Author. 

Scheetz, Barry E., Sridhar Komarneni, Deane K. Smith, Christine A.F. Anderson, and 
Scott D. Atkinson, "Interactions Between Glass/Basalt and Supercalcine/Basalt," 
Rockwell Hanford Operations, Richland, WA (Sept 30, 1979). Co-Author. 

Barnes, Mary W., and Barry E. Scheetz, "Hydrothcnnal Alteration of Columbia River 
Basalts in an Open System," Rockwell Hanford Operations, Richland, WA (Sept 30, 
1979). Co-Author . 

Roy, D.M., Principal Investigator, "Borehole Cement and Rock Properties Study, Task 
I.: Borehole Plugging Cement Studies," Annual Progress Report. October 1, 1978-
September 30, 1979, Office of Nuclear Waste Isolation (1979). Principal Author. 

Roy, D.M. et al., "Annual" National Waste Terminal Storage Program Progress Report 
for the Period Aprill, 1975-September 30, 1976, Office of Waste Isolation (1979). 
Principal Author. 

Roy, D.M., Principal Investigator, "Geochemistry of Cement-based Borehole-Plugging 
and Shaft Scaling Systems," Interim Progress Repon. May l, 1979-Scpt 30, 1979, 
Office of Nuclear Waste Isolation (1979). Principal Author 

White, William B., GJ. McCarthy, J.V. Biggers, "The Chemistry and Physics of 
Nuclear Waste-Rock Interactions, Four Quarterly Reports, Subcontract ES12-00SOO, 
Office of Nuclear Waste Isolation (1979). Contributing Author. 

Roy, D.M., et al., "Borehole Cement and Rock Properties Studies, Task I. Borehole 
Plugging Cement Studies," Four Quarterly Progress Reports, Office of Nuclear Waste 
Isolation (1979). Principal Author. 
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White, William B., and J.V. Biggers, "The Cllcmistry and Physics of Nuclear Waste
Rock Intcractioos," Six Quarterly Progress Repons. Subcontract No. ES12-03400, 
Office of Nuclear Waste Isolation, Banelle, Columbus, OH (1980). Co-Author. 

Scheetz, Bany E., "Omacterization of the Physical Parameters and Sampling Procedure 
of a Modified Rocking Autoclave Apparatus," RHO-BWI-C-6S, Rockwell Hanford 
Operations. Richland. WA (April 1980). 

Scheetz, Bany E., Deane K. Smith, S. Komameni, Ouistine A.F. Anderson, and Judy 
Garland, "Hydrothermal Leachability of a Vitreous Simulated Nuclear Waste Form," 
RHO-BWI-C, Rockwell Hanford Operations, Richland, WA (July IS, 1980). Co
Author. 

Scheetz, Bany E .• Deane K. Smith, Sridhar Komameni, Scott D. Atkinson, Christine 
A.F. Anderson. Judy Garland, and Patricia I. Gong, "Quantitative Estimates of the 
Compositions of Solid and Liquid Phases Stable Under Hydrothermal Conditions," 
Annual Progress Repon, RHO-BWI-C, Rockwell Hanford Operations, Richland, WA 
(Aug. IS, 1980). Co-Author. 

Roy, R. and W.B. White, "Development of Tailored Ceramics for Geologic Studies of 
Nuclear Wastes," Four Quarterly Reports, Rockwell International (1980). Contributing 
Author. 

White, William B .• J.V.Biggers, ''The Chemistry and Physics of Nuclear Waste-Rock 
Interactions," Six Quarterly Progress Reports, Subcontract No. E512-03400, Office of 
Nuclear Waste Isolation (1980-81). Contributing Author. 

Roy, D.M., B.E. Scheetz, L.D. Wakeley, and S.D. Atkinson, "Low Temperature 
Ceramic Radioactive Waste Form: Characterization of Supercalcinc-Bascd Monazite
Cement Composites," Rockwell International, Thousand Oaks, CA (1981). Co-Author. 

Roy, D.M., B.E. Scheetz, and M.W. Barnes, "Preparation of Cement Composite 
Nuclear Waste Forms and Their Physical and Chemical Properties," Rockwell 
International, Thousand Oaks, CA (1981). Co-Author. 

Vance, E.R., D.K. Agrawal, B.E. Scheetz, J.G. Pepin, S.D. Atkinson, and W.B. 
White, "Ceram;r Phases for Immobilization of 129i" Rockwell International, Thousand 
Oaks, CA (1981). Co-Author. 

Scheetz, Bany E .• D.K. Smith, S. Komameni, J. Garland. and S.D. Atkinson, 
"Hydrothermal Leachability of Simulated Spent Fuel FJements and A Tailored-Ceramic 
Waste Form," RHO-BWI-C, Rockwell Hanford Operations, Richland. WA (Feb. 10, 
1981). Co-Author. 

Plesko, E.P., B.E. Scheetz, and William B. White, "Nuclear Waste-Rock Interaction 
Products: Crystal Chemistry and Stability of the Alkali-Uranyl Silicates," Subcontract 
No. E512-03400, Office of Nuclear Waste Isolation, Battclle, Columbus, OH (1981). 
Co-Author. 

Roy, D.M., B.E. Scheetz, L.D. Wakely, and S.D. Atkinson. Low Temperature 
Ceramic Radioactive Waste Form: Characterization of Supercalcine-Based Monazite
Cement Composites, Rockwell International (1981) . 

17 



' ' 

' " 

!'' 

' j 

j • 

' . 

' . 

1 • 

! •.• 

""' 

I .0 

' .. 

... 

Vance, E.R., D.K. Agrawal. B.E. Scheetz. J.G. Pepin, SD. Atkinson. and W.B. 
White, .. Ceramic Phases f<r Immobilization of 129J, Rockwell International (1981). 

Roy, R. and W.B. White, "Development of Tailored Ceramics for Geologic Studies of 
Nuclear Wastes." Four Quarterly Reports, Rockwell International (1981). Contributing 
Author. 

Roy, D.M., B.E. Scheetz, C.A. Langton, and M. W. Grutzcck, "Preliminary Studies, 
Selection and Durability of Seal Materials for a Basalt Repository," MRL-CPSU-022, 
The Pennsylvania State University Internal Report (1982). Co-Author. 

Roy, D.M., B.E. Scheetz, C.A. Langton, and M. W. Grutzcck, "Preliminary Studies, 
Selection and Durability of Seal Materials for a Basalt Repository," Office of Nuclear 
Waste Isolation. Battelle, Columbus, OH (1982). Co-Author. 

Scheetz, Barry E., "Immobilization of Hazardous Chemical Wastes," Annual Report, 
The Pennsylvania State University Office of Haz.arclous and Toxic Waste Management 
(1982). 

Scheetz, B.E., and D.M. Roy, "Preliminary Accelerated Reaction Studies of the 
Hydrothermal Alteration of a Tuff-Bearing Concrete," Report to Los Alamos National 
Laboratory, Los Alamos, NM (March 1983). Co-Author. 

Lingle, R., D.D. Bush, B.G. DiBona, P.H. Licastro, D.M. Roy, and B.E. Scheetz, 
"Full Scale Borehole Scaling Test in Basalt Under Simulated Downhole Conditions," 
Office of Nuclear Waste Isolation, Battelle, Columbus, OH (Sept 1983). Co-Author. 

Roy, D.M., B.E. Scheetz, and Rosemary Vidale (Los Alamos, NM), ''Preliminary 
Survey of the Stability of a Silica-Rich Cemcntitious Monar [82-22] with Tuff," Los 
Alamos National Laboratory, Los Alamos, NM (Oct 1983). Co-Author. 

Enscore, E. Emory, Jr., R. W. Regan, Barry E. Scheetz, and Allen L. Soystcr, 
"Foundry Sand Reclamation," Three Quarterly Reports, Ben Franklin Partnership 
Program. Nonhcentral Advanced Technologies Center, The Pennsylvania State 
University (1985). Co-Author. 

Scheetz, Barry F... Deane K. Smith, and Robert Newnham, "Synthesis and 
Characterization of Non-Linear Materials," Four Quarterly Reports, Lawrence Uvermore 
National Lab. (1985). Co-Author. 

Scheetz, B.E. and I. Anderson, "Preliminary Dissolution Model Calculation," Los 
Alamos National Laboratory (March 1985). 

Scheetz, Barry E., Rodger Granlund, Richard Unz, and Joel L. Morrison, "Test Results 
on Samples for 10 CFR 61 Qualification," Three Quarterly Reports, Ben Franklin 
Partnership Program, Northcentral Advanced Technologies Center, The Pennsylvania 
State University (1986). Co-Author. 

Scheetz, Barry E., Rodger Granlund, Richard Unz, and Joel L. Morrison, "Test Results 
on Samples for 10 CFR 61 Qualification," Annual Report, Ben Franklin Partnership 
Program. Northcentral Advanced Technologies Center, The Pennsylvania State 
University (1986). Co-Author. 

Enscore, E. Emory Jr., R.W. Regan, Barry E. Scheetz, and Allen L. Soystcr, "Foundry 
Sand Reclamation," Annual Report, Ben Franklin Quarterly Partnership Program, 
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Northcentral Advanced Technologies Center, The Pennsylvania State University (1986). 
Co-Author. 

Scheetz, Barry E., Deane K. Smith, and Robert Newnham. "Synthesis and 
Olaractcrization of Non-Linear Materials," Four Quanerly Rcpons, Lawrence Uvcrmore 
National Lab. (1986). Co-Author. 

Scheetz, B.E., P.R Ucastro, and D. M. Roy, "A Full-Scale Borehole Scaling Test in 
Salt Under Simulated Downbolc Conditions," Office of Nuclear Waste Isolation, 
Battcllc, Columbus, OH (1986). Co-Author. 

Scheetz, Barry E., "Preparation of X-ray Powder Data for Synthesized Compounds." 
Annual Report, Joint Committee on Powder Diffraction Standards, International Centre 
for Diffraction Data, Swarthmore, PA (1986). Co-Author. 

Scheetz, Barry E., and R. W. Regan, "Foundry Sand Reclamation," Three Quarterly 
Reports, Ben Franklin Partnership Program, Northcentral Advanced Technologies 
Center, The Pennsylvania State University (1987). Co-Auther. 

Scheetz, Barry E., and R. W. Regan, "Foundry Sand Reclamation," Annual Report, Ben 
Franklin Partnership Program, Nortbcentral Advanced Technologies Center, The 
Pennsylvania State University (1987). Co-Author. 

Roy, Della M., Gordon Dayton and Barry E. Scheetz, "Salt-Grout Interface and Salt 
Consolidation Studies," Annual Report, Sandia National Lab., Albuquerque, NM (Dec. 
1987). Co-Author. 

Scheetz, Barry E., "Preparation of X-ray Powder Data for Synthesized Compounds," 
Annual Report, Joint Committee on Powder Diffraction Standards, International Centre 
for Diffraction Data, Swarthmore, PA (1987). 

Regan, R.W., and Barry E. Scheetz, "Foundry Sand Reclamation," Three Quarterly 
Reports, Ben Franklin Partnership Program. Northcentral Advanced Technologies 
Center, The Pennsylvania State University (1988). Co-Auther. 

Morrison, Joel L., Alan Davis, and Barry E. Scheetz, "Modeling of Acid Mine 
Drainage," Three Quarterly Reports, Pennsylvania Energy Development Authority 
(1988). Co-Author. 

Morrison, Joel L., Alan Davis, and Barry E. Scheetz, "Modeling of Acid Mine 
Drainage," Annual Report, Pennsylvania Energy Development Authority (1988). Co
Author. 

Scheetz, Barry E., "Preparation of X-Ray Powder Data for Synthesized Compounds," 
Annual Report, Joint Committee on Powder Diffraction Standards, International Centre 
for Diffraction Data, Swarthmore, PA (1988). 

Roy, D.M., ct al.,"Concrete Microstructure," 87-C201, Four Quarterly Reports, 
National Research Council (1988). Contributing Auth<X". 

Regan, R.W., and Barry E. Scheetz, "Foundry Sand Reclamation," Annual Report, Ben 
Franklin Partnership Program, Nortbcentral Advanced Technologies Center, The 
Pennsylvania State University (1989). Co-Author. 
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Roy, D. M., and B.E. Scheetz, "Reactivity of a Tuff-Bearing Concrete, CI..-40 CON-
14," LA-l 1S32-MS, Los Alamos National Laboratory, Los Alamos, NM (1989). Co
Author. 

Scheetz, Barry E., and R. W. Re,an, "Foundiy Sand Reclamation," Three Quarterly 
Reports, Ben Franklin Partnership Program. Northcentral Advanced Technologies 
Center, The Pennsylvania State University (1989). Co-Author. 

Scheetz, Barry E., "Foundiy Sand Reclamation: Recommendations and Details of 
Product Development." Annual Report, Ben Franklin Partnership Program, Northccntral 
Advanced Technologies Center, The Pennsylvania State University (1989). 

Scheetz, B.E .• and D.M. Roy. "Preliminary Survey of the Stability of Silica-Rich 
Ccmentitious Mortar. 8L-22 and 84-12 Tuff," LA 11222-MS, 00-70, Los Alamos 
National Laboratory. Los Alamos. NM (1989). Co-Author. 

Abate, Christopher. and Barry E. Scheetz, "Characteri7.aton and Stability of Friedel's 
Salt." Sandia National Laboratory. Albuquerque. NM (1989). Co-Author. 

Adair, James H .. Barry E. Scheetz, and John J. Mecholsky, "Processing and Properties 
of Chemically Derived Calcium Silicate Cement," Annual Report. Air Forr..e Office of 
Scientific Research (May 1989). Co-Author. 

Morrison. Joel L., Alan Davis. and Barry E. Scheetz, "Modeling of Acid Mine 
Drainage," Three Quarterly Reports, Pennsylvania Energy Development Authority, 
(1989). Co-Author. 

Morrison, Joel L., Alan Davis, and Barry E. Scheetz, "Modeling of Acid Mine 
Drainage," Annual Report. Pennsylvania Energy Development Authority (1989). Co
Author. 

Scheetz, Barry E .. "Preparation of X-Ray Powder Data for Synthesized Compounds," 
Annual Report. Joint Committe.e on Powder Diffraction Standards, International Centre 
for Diffraction Data, Swarthmore, PA (1989). 

Roy, D.M., "Concrete Microstructure," 87-C201, Four Quarterly Repons, National 
Research Council (1989). Contributing Author. 

Scheetz, B.E., and J.L. Morrison, "Improving the Characterization of Sulfur in 
Overburden and Coals Using State-of-the-Art Technology," Four Quanerly Repons, 
Office of Surface Mining, Pittsburgh, PA (1990). Co-Author. 

Scheetz, Barry E., and Deane K. Smith, "Preliminary Characterization of Residual 
Deposits on Joseph Priestley's Laboratory Apparatus," Final Repon, Pennsylvania 
Historic and Museum Commission (June 1990). Co-Author. 

Scheetz, B.E .. and J.L. Morrison, "Improving the Characterization of SuJfur in 
Overburden and Coals Using State-of-the-Art Technology," Three Quanerly Reports, 
Office of Surface Mining, Pittsburgh, PA (1991). Co-Author. 

6. Papers Accepted for Publication 

Nothing to repon. 
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7. Manuscripts Submitted for Publication 

Boldish, S.I., B.E. Scheetz, L.E. Drafall, and W.B. White, "Vibrational Spectra of 
Crystals with the A-Type Rare Eanh Oxide Structure II, The Rare Earth Oxy-Sulfides." 
Acta Crystallographica. Co-Author. 

Komarneni, S., B.E. Scheetz, W.P. Freeborn, W.B. White, and GJ. McCarth1, 
"Dissolution of a Prototype Nuclear Waste Ceramic in Hot Magnesium-Rich Bnne," 1. 
American Ceramic Society Co-Author. 

Yu, F.T.S., D.W. Strickler, and B.E. Scheetz, "A Technique of Optical Density 
Pseudocolor Encoding for Application to Scanning Electron Microscopic Images," 
Textures and Microstructure. Co-Author. 

Z.Cllmer, Lauren· A., Deane K. Smith, Diane Pfoertsch, and Barry E. Scheetz, "Synthesis 
and Unit Cell Refinement of 15 Melilite Materials," Powder Diffraction. Co-Author. 

Scheetz, B.F., S.A. Sabol, R.I.A. Malek, P.I. Anderson, U. Iohsnon, P.O. Cady, and 
D.M. Roy, "Effect of Packing on Concrete Properties Optimization," Trans. Res. Bull. 
(Feb 1991), Co-Author. 

Scheetz, Barry E. And Jefferson P. Hoffer, "Characterization of Sodium Siliate 
Activated Ponland Cement: I. Matrices for Low-Level Radioactive Waste Form," 
American Concrete lnsitute (March 1991), Co-Author. 

Lee, J.H., D.M. Roy, L.H. Llcastro and B.E. Scheetz, "A Study of concrete for the 
Tumulus Disposal Units in Low-Level Radioactive Waste Management," Am. Ceram. 
Soc. 5th International Symposium on Radioactive and Hazardous Waste (April 1991)., 
Co-Author. 

Scheetz, Barry E. and Della M. Roy, ''1be Chemistry of Cementitious Systems for 
Waste Management: The Penn State Experience," Am. Clem. Soc., Environmental 
Science Symposium (August 1991), Co-Author. 

8. Manuscripts in Promss 

Scheetz, Barry~ .• Christopher M. Stevenson, and K. Vedam, "Spectroscopic 
Ellipsometry: An Alternative Analyitical Method to Achieve Angstrom Resolution of 
Obsidian Hydration Rims." Co-Author. 

Silsbee, M.R., D.M. Roy, and B.E. Scheetz, "An Evaluation of the Usefulness of 
Various Distribution Functions for Describing Mercury Intrusion Porosimetry Data." 
Co-Author. 

Barnes, Mary W., Della M. Roy, and Barry E. Scheetz, "The Relation of Microstructure 
to Composition and Formation Temperature of Al-Substituted Tobermorite." Co-Author. 

Barnes, M.W., and B.E. Scheetz, "A Review of the Al-Substituted Carbon Silicate 
Hydrates and Their Coexisting Phases in the Hydration of Z.COlites at 100-300·c." Co
Author. 

Barnes, M.W., B.E. Scheetz, and D.M. Roy, The Effect of Chemically Adjusting 
Cement Composition and Leachability of Waste Forms." Co-Author . 
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Silsbee, Michael R., Amitabha Kumar, and Bany E. Scheetz, "lntrcpretation r4 Pore 
Structure in Cemcntitious Solids By the Use of Fractal Geometry.• Co-Author. 

Scheetz, Barry E., Lauren Zellmer, and William B. White, "Vibrational Spectra of the 
Melilitc Sttucture: Il. Akcnnanitc-Gchlenitc Solid Solution." Co-Author. 

Scheetz, Barry E., Richard Mohler, and William B. White, "Raman Spectra and the 
Intrepretation of Accntricity in 1:3 Stoichiometric Spinet" Co-Author. 

Scheetz, Barry E., and William B. White, "Vibrational Spectra of the Melilitc Structure: 
L Selected Single Crystal Data." Co-Author. 

Scheetz, Barry E., Lauren Zellmer, and William B. White, "Vibrational Spectra of the 
Melilite Structure: ill. Effects of Anion Substitution." Co-Author. 

Pommersheim, James M., and Barry E. Scheetz, ''Transient Measurement of the 
Permeability of Cementitious Materials Using Pressure Pulse Tcsting--Theory." Co
Author. 

Scheetz, Barry E., and Rustum Roy, "Mineral Models for Hazardous Waste Fixation: A 
Second Generation." Co-Author. 

Hoffer, Jeffery, and Barry E. Scheetz, "Characterization of Cement/Silicate 
for Low Level Nuclear Waste Forms." Co-Author. 

Urenovitch, Lauren, and Barry E. Scheetz, "Characterization and Utilization of Foundry 
Bag House Dust as a Reactive Mineral Admixture in Concrete." Co-Author. 

9. 

NIA 

Cooperative Extension Service Bul1etins and O.rculars 

B . Research PrQjects. Grants and Contracts 

1. Completeo 

Date: 
Title: 

Funded by: 
Amount: 
Contribution: 

Date: 
Title: 

Funded by: 
Amount: 
Contribution: 

1October1978to30September1979 
Determining Interactions Between Spent Unrcprocessed Fuel 
(SURF), Supercalcine, High-level Waste Glass and Basalt 
Rockwell Hanford Operations 
$184,843 
Principal Investigator 

1 October 1979 to 30 September 1980 
Quantitative Estimates of the Compositions of Solid and Liquid 
Phases Stable Under Hydrothermal Conditions 
Rockwell Hanford Operations 
$140,000 
Principal Investigator 
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Date: 
TI de: 

Funded by: 
Amount 
Contribution: 

Date: 
Title: 
Funded by: 
Amount 
Contribution: 

Date: 
Title: 
Funded by: 
Amount: 
Contribution: 

Date: 
TI de: 
Funded by: 
Amollllt: 
Contribution: 

Date: 
Title: 
Funded by: 
Amount: 
Contribution: 

Date: 
Title: 
Funded by: 
Amount 
Contribution: 

Date: 
TI de: 
Funded by: 
Amollllt: 
Contribution: 

Date: 
Title: 
Funded by: 
Amollllt 
Contribution: 

Date: 
Title: 
Funded by: 
Amollllt: 
~ontribution: 

1 October 1982 to 30 September 1983 
The Immobilization of Heavy Metal Cations in Plating Liquor 
Wastes 
The Office ofHuardous and Toxic Waste Management 
$SO,OOO 
Principal Investigator 

1 October 1984 to 30 September 1985 
Synthesis and Olaractcri:mtion of Non-Linear Optic Materials 
Lawrence Livenno.re National Laboratory 
$220,073 
Co-Principal lnvestigatcr 

1 August 1985 to 31 July 1986 
F.quipment for a Particulate Oiaracterization Facility 
National Science Foundation; Division of Materials Research 
$156,690 
Co-Principal Investigator 

1 April 1985 to 31 March 1986 
Preparation ofX-Ray Powder Data for Synthesized Compounds 
Joint Committee on Powder Diffraction, GRANT-IN-AID 
$4,000 
Principal Investigator 

1 September 1985 to 31 August 1986 
Foundry Sand Reclamation 
Ben Franklin Partnership Program 
$125,000 
Co-Principal Investigator 

1 October 1985 to 30 September 1986 
Synthesis and Characterization of Non-Linear Materials 
Lawrence Livennorc National Laboratory 
$221,163 
Co-Principal Investigator 

I April 1986 to 31 March 1987 
Preparation of X-Ray Powder Data for Synthesized Compounds 
Joint Committee on Powder Diffraction, Grant-in-Aid 
$12,000 
Principal Investigator 

1September1986 to 31August1987 
Regional Foundry Sand Disposal 
Ben Franklin Partnership Program 
$136,155 
Co-Principal Investigator 

28 October 1986 to 30September1987 
Grout-Salt Interface Studies 
Sandia National Laboratory 
$98.470 
Co-Principal Investigator 

23 



l•IJlt. 

I • 

•''.l!ii 

.: u 

''" 

I" 

' $ 

I• ;jf 

fH!I 

I. • 

,,,, 

'"" 

, .. 

I • 

I , 

Dale: 
Title: 
Funded by: 
Amount: 
Contribution: 

Dale: 
TI de: 

Funded by: 
Amount: 
Contribution: 

Date: 
TI de: 
Funded by: 
Amount: 
Contribution: 

Date: 
Title: 
Funded by: 
Amount: 
Contribution: 

Date: 
Title: 
Funded by: 
Amount: 
Contribution: 

Date: 
Title: 
Funded by: 
Amount: 
Contribution: 

Date: 
Title: 
Funded by: 
Amount: 
Contribution: 

Date: 
Title: 
Funded by: 
Amount: 
Contribution: 

Date: 
TI tie: 

Funded by: 
. Amountto: 
· ' Contribution: 

1 April 1987 to 31 March 1988 
Preparation ofX-Ray Powder Data for Synthesi7.cd Compounds 
Joint Committee on Powder Diffraction, Grant-in-Aid 
$15,000 
Principal Investigator 

1 August 1987 to 31 July 1989 
Development of a Predictive Model for Acid Mine Drainage: 
Based Upon Swe-of-the-Art-Overburdcn Cbaractcrization 
Pennsylvania Energy Development Authority 
$223,521 
Principal Investigator 

1 September 1987 to 31 August 1988 
Regional Foundry Sand Disposal and Reclamation Site 
Ben Franklin Partnership Program 
$164,487 
Co-Principal Investigator 

1October1987to30August1990 
Concrete Microstructure 
Strategic Highway Research Program 
$811,316 
Co-Principal Investigator 

1April1988 to 31March1989 
Preparation of X-Ray Powder Data for Synthesiz.ed Compounds 
Joint Committee on Powder Diffraction. Grant-in-Aid 
$25,000 
Principal Investigator 

1 September 1988 to 31 August 1989 
Regional Foundry Sand Disposal and Reclamation Site 
Ben Franklin Partnership Program 
$246,088 
Co-Principal Investigator 

15 March 1989 to 15September1989 
John Priestley Archaeological Sample Oiaracteri7.ation 
Pennsylvaia Historical and Museum Commission 
$2,000 
Principal Investigator 

15 February 1990 to 14 May 1990 
NP-Analysis 
Bradford Coal Co. 
$11,000 
Principal Investigator 

1 April 1988 to 31 March 91 
Processing and Properties of Chemically-Derived Calcium Silicate 
Cements 
Air Force Office of Scientific Research 
$267,604 
Co-Principal Investigator 
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Dale: 
Tule: 

Funded by: 
Amount: 
Contribution: 

Date: 
Tidc: 
Funded by: 
Amount: 
Contribution: 

Date: 
TI de: 

Funded by: 
Amount: 
Contribution: 

October 1989 to Dccmlber 1991 
Improving the Owacterization of Sulfur in Overburdens and 
Coals Using State-of-the-Art-Technology 
Office of Smface Mining 
$1SO,OOO 
Principal Investigator 

1July1990to31December1990 
Olaracteriz.atioo of Trace Elements in Prehistoric Oay Pots 
Pcnnsylvaia Historical and Museum Commission 
$1,000 
Principal Investigator 

1 October 1990 - 28 February 1991 
The Oicmical Oiaracterl7.ation of Jaspers from 
Pennsylvania and Delaware 
Pennsylvania Historical and Museum Commission 
$23,986 
Co-Principal Investigator 

2. In Prow;ss 

Dale: 
TI de: 
Funded by: 
Amount: 
Contribution: 

Dale: 
TI de: 
Funded by: 
Amount: 
Contribution: 

1 April 1989 to 31 March 1990 
Preparation of X-Ray Powder Data for Synthesized Compounds 
Joint Committee on Powder Diffraction 
$18,000 
Principal Investigator 

1July1990- 31June1991 
Olaracterization of Sulfur in Coals and Associated Overburdens 
National Mine Land Reclamation Center 
$71,292 
Principal Investigator 

3. Funded 

NIA 

4. Pro122scd. 

a. Rejected 

Dale: 
TI de: 

Submitted to: 
Amount: 
Contribution: 

1 August 1981 -3 July 1984 
An Integrated Technical Assistance and Reseach Program for 
Hu.ardous and Toxic Waste Management 
Pennsylvania Department of Environmental Resources 
$470,000 
Co-Principal Investigator 
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Dare: 
TI de: 

Submitted to: 
Amount 
Contribution: 

Dare: 
lidc: 
Submitted to: 
Amount 
Contribution: 

Date: 
lide: 
Submitted to: 
Amowit: 
Contribution: 

Date: 
Title: 
Submitted to: 
Amount: 
Contribution: 

Date: 
Title: 

Submitted to: 
Amount: 
Contribution: 

Date: 
litle: 

Submitted to: 
Amount: 
Contribution: 

Date: 
Title: 

Submitted to: 
Amount 
Contribution: 

Date: 
Title: 

Submitted to: 
Amount: 
Contribution: 

1 August 1981 - 30 July 1982 
Olcmical Modification of Fly Ash for Enhanced Utilization of 
Industrial waste Material 
Office of Fossil Energy, Department of Enagy 
$67,119 
Co-Principal Investigator 

1April1982- 31March1983 
Luminescence in Dental ~lains 
Johnson and Johnson Dental Products Co. 
$37,102 
Principal Investigator 

1 March 1982 - 31 December 1982 
Selection of Solidification Materials for ICPP Waste 
Delaware Custom Material 
$59,977 
Principal Investigator 

1 April 1983 - 31 March 1984 
X-ray Diffraction Facility for Materials Research 
Department of Defense 
$131,311 
Co-Principal Investigator 

15 April 1984 - 14 March 1985 
DOD-University Research Instrument Program for X-ray 
Diffractometer System 
Department of Defense 
$98,483 
Co-Principal Investigator 

1July1984- 31September1984 
Low Temperature Chemically Bonded Ceramics for Hardened 
Structures 
Air Force Office of Scientific Research 
$19,994 
t'rincipal Investigator 

1June1985- 31May1986 
Excavation of a Late Classic Maya Lime Kiln (Mound 70-32) at 
Copan, Honduras 
Getty Foundation 
$4,422 
Co-Principal Investigator 

1 January 1986 - 31 December 1990 
Experimentally Derived Hydration Rates and the Role of 
Composition in the Diffusion Process 
National Science Foundation 
$346,640 
Co-Principal Investigator 

26 



,J. 

'"' 

,,., 

... 
, ... 
""' 

'"' 

i,. 

,. .. 

, .. 

, ,. 

Dale: 
Thie: 
Submitted to: 
Amount: 
Contribution: 

Dale: 
Tttle: 
Submitted to: 
Amount 
Contribution: 

Dale: 
Tttle: 

Submitted to: 
Amount 
Contribution: 

Dare: 
TI de: 

Submitted to: 
Amomtt 
Contribution: 

Dare: 
Tttle: 
Submitted to: 
Amomtt: 
Contribution: 

Dare: 
TI de: 
Submitted to: 
Amount: 
Contribution: 

Dare: 
TI de: 

Submitted to: 
Amomtt 
Contribution: 

Dare: 
TI de: 

Submitted to: 
Amount: 
Contribution: 

1August1986- 31July1990 
Cent~ for Advanced Cement Matrix Composite Materials 
Air Fon:e Office of Scientific Research 
$2,91S,94S 
Principal Investigator 

1January1987 - 31December1988 
John Priesd)' Archaeological Sample Charactcri7.ation 
Pennsylvania Historical and Museum Commission 
$2.000 
Principal Investigator 

1 July 1987 - 30 June 1988 
The Chemical Characterizaton of Prehistoric Lithic Sources in 
Pennsylvania 
Pennsylvania Historical and Museum Commission 
$12,324 
Co-Principal Investigator 

1July1987 - 30 June 1988 
Engineering Research Equipment Grant: X-ray Diffraction Facility 
Upgrade 
National Science Foundation 
$99,277 
Co-Principal Investigator 

1July1987 - 30 June 1988 
Equipment for a Scanning Electron Microscopy Facility 
National Science Foundation 
$346,605 
Co-Principal Investigator 

1September1987 - 31August1988 
A Scanning Electron Microscope Facility 
Department of Energy 
$259,954 
Co-Principal Investigator 

1 September 1987 - 30 August 1992 
The Establishment and Operation of a Center for Nuclear Waste 
Regulatory Analysis at The Pennsylvania State University 
Nuclear Regulatory Commission 
$42,550,000 
Co-Principal Investigator 

1 April 1988 - 31 October 1990 
Evaluation Procedures for Deicing Chemicals and Improved Sodium 
Chloride 
Strategic Highway Research Program 
$593,577 
Co-Principal Investigator 
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.... Submitted to: 
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Contribution: 
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Submitted to: 
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Contribution: 

\,'llf# 

Date: 
Title: 

Submitted to: 
Amowit: 
Contribution: 

Date: 
' .. Title: 

Submitted to: 
Amowit: 

,, .. Contribution: 

Date: 
Title: 

I • Submitted to: 
I, Amount: 

Contribution: , .. 
••• Dare: 

Title: 
,,,cl. 

Submitted to: . " Amowit: 
Contribution: 
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~ '. Date: 
Title: 
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Submitted to: 
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1 May 1988 - 31 April 1993 
Hu.ardous Substance Research Center for EPA Regions m and V 
Environmental Protection Agerq 
$175,000 
Co-Principal Investigaur 
1 November 1988 - 31 October 1991 
Phase Clcmistry of Al-Substituted Calcium Silicate Hydrate and 
Related Calcium Almmnate Silicate Hydrates 
National Science Foundation 
$153,583 
Co-Principal Investigator 

1May1989- 31April1991 
Development of Mechanistic Model for Set Control of Calcium 
Aluminate Cement 
Office of Naval Research 
$331,536 
Co-Principal Investigator 

1July1990 - 31 June 1991 
Derennination of Carbonate Control of Alkalinity in Acid Mine 
Drainage 
National Mine Land Reclamation Center 
$81,329 
Principal Investigator 

Equipment grant 1 year 
Scanning Electron Microscopy Facility 
Department of Energy 
$367,300 
Co-Principal Investigator 

1September1990- 31August1993 
Coal Industry Waste Utilization in Novel Hydration Binders 
Pittsburgh Energy Technology Center 
~199,734 
Principal Investigator 

1 October 1990 - 28 February 1991 
The Clcmical Oiaracterization of Jaspers from 
Pennsylvania and Delaware 
Pennsylvania Historical and Museum Commission 
$23,986 
Co-Principal Investigator 

1 November 1990 - 31 December 1992 
Phase Chemistry of Al-Substituted Calcium Silicate Hydrates and 
Related Calcium Aluminate Silicate Hydrates 
National Science Foundation 
$237,486 
Co-Principal Investigator 
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Dale: 
Tulc: 

Submitted to: 
Amount: 
Contribution: 

1 January 1990- 31 August 1990 
Implement Recent Advances in Ovcrburdcm Omactcriz.ation to 
Predict~ <X Acid Mine Drainage 
Ben Franklin Partnership 
$94,867 
Principal Investigator 

b. Rcjcctqi 

Dale: 
Title: 

Submitted to: 
Amount: 
Contribution: 

1 August 1990 • 31 July 1992 
Controlled Study of the Effect of Alkaline Addition to Smfacc Mine 
Ovecburden 
Pennsylvania Energy Development Authority 
$250,000 
Co-Principal Investigator 

Graduate Thesis Supervised. Iy_pes of Dcmcs and Years Granted 

Eric Plesko, Phase Relationships in the System K20,U03,SiQi,H20, M.S., Solid State 
Science (1981 ). 

Lisa Bratten, Geochemistry Partitioning of Radionuclides in a Hydrogeological 
Environment, M.S., Geochemistry (1982). 

Paul Sliva, Application of Phosphate-Based Cement to the Immobilization of Defense 
Nuclear Waste, M.S., Solid State Science (1983). 

Gerald Cox, Geochemical Modeling of an Acid Pickeling Waste Disposal Site, M.S., 
Environmental Pollution Control (1988). 

Paul Sliva, Application of Densified Low Temperature Chemically Bonded Ceramics to 
the Formation of Low Permeativity Substrates, Ph.D., Solid State Science (1988). 

Lorie Urenovitch, Characterization and Utili7.ation of Metal Fmishing Wastes from 
Ferrous and Non-Ferrous Foundry Operations, M.S., Environmental Pollution Control 
(1988) . 

Jefferson P. Hoffer, Characterization and Performance Assessment of an Aqueous 
Silicate Modified Ponland Cement-Based Nuclear Waste Form. M.S., Environmental 
Pollution Control (1989). 

Christopher Abate, Stability and Dissolution Kinetics of Expansive, Cementitious 
Calcium Chloro-Aluminate Phases in Low Water Activity Solutions, M.S., 
Environmental Pollution Control (1990). 

Petra M. Helland, Processing and Properties of Chemically Derived Calcium Silicate 
Quartzites, M.S., Solid State Science (1990). 

Scott Atkinson, Characterization and Utilization of Scrubber Sludge Wastes from 
Ferrous and Non-Ferrous Foundry Operations, M.S., Environmental Pollution Control 
(1991). 
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Diane ~·n, Cllaracterizadon and Utiliution m Slag Wastes from ~ula and Electric 
Furnace tions of Ferrous and Non-Fenous Foundries, M.S., Envuonmcntal 
Pollution ttol fm progress]. 

Norman S. Sand, Partially Sintered, Tape Cast Calcium Alnmimte with Controlled 
Porosity, M.S., Solid State Science (1991). 

Membership on Graduate Deuce Candidates' Committees 

Ishii Tautamu, M.S., Solid State Science (1981) 
Amitabha Kumar, M.S., Solid State Science (1982) 
Charlet Stramburg, M.S., Agronomy (1983) 
Catherine Otess, M.S., Solid State Science (1983) 
Alieta Tesar, M.S., Ceramic Science (1983) 
Amitabha Das, M.S., Solid State Science (1984) 
Mohamad Khalil, Ph.D., Nuclear Engineering (1984) 
Amitabha Kumar, Ph.D., Solid State Science (1985) 
Marianela Perez, Ph.D., Solid State Science (1986) 
Shawshem Lee, M.S., Solid State Science (1986) 
Per Anderson, Ph.D., Solid State Science (1987) 
Robert Luhrs, M.S., Environmental Pollution Control (1987) 
Pamula Kisler, Ph.D., Solid State Science (1988) 
Michael Silsbee, Ph.D., Solid State Science (1988) 
Cheryl Vaughan, Ph.D., Solid State Science (1989) 
Ira Sasowsky, Ph.D., Geosciences (1989) 
Douglas Watson, M.S. Solid State Science (1991) 

Supervision of Visitin& Scientists and Yisitin& Students 

1. Visitin& Scientists 

George Kirov, National Academy of Sciences, Sophia, Bulgaria, "Anion Modifications 
to the Crystal Morphology of Hydrothermally Grown Quanz" (1982). 

W. Fajun, Institute of Building Materials, Department of Materials Science and 
Engineering, Wuhan, Hubci, People's Republic of China, "Stability of NZP" ( 1985). 

John Thompson, MRL High School Teacher Summer Intern Program, "Development of 
Alkali-Activated fly Ash Cement" (1990). 
Anthony Raftery, Physics Department, Queensland University, Australia (1991). 

2. Visitin& Students 

Kristina von Rein, 'Examensarbcte', The Royal Institute of Technology, Stockholm, 
Sweden, "Process Densification of A Cement-Based Nuclear Waste Form" (1984). 

3 . United States Nayy RQ'fC Prowro. The Pennsylvania State University 

Brent Beabout, "Development of P ARTP AC -- A Computer Code for Estimation of 
Densest Packing of Particles" (1987). 

Daniel Bailey, "Establishment of an Experimental Laboratory Procedure for Estimating 
Densest Packing in Concrete Components" (1988) . 
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4. Ceramic Science Uodqaduate Research 

Jeff Marx. ''Evaluation of Phosphate Materials with Quartz Structures as Electronic 
Substrate Materials" (1990). 

Neil Smith, "Development of Controlled Porosity Calcium Aluminate Substrate 
Materials" (1990). 

Roben Alexander, "Oystal Olcmisuy of Si-Substitution Into Ettringite" (1990). 

F. Creative Accomplishment 

NIA 

G. Other Evidence of Research Accormilisbmcnt 

a. Scientific Pbotowwbs Rcsultin& from Research Haye Been Publisberl in: 

Earth and Mineral Sciences~ (2), pp. 13 and 18 (Dec. 1981). 
Nuclear Technology~ (2) (Feb. 1982) [cover photographs]. 
Materials Research Laboratory, The Departmental Brochure (1987). 
Science~ (21 Dec. 1990) [cover photograph], 
Pergaman Journal of Waste & Recycling Advertisement Brochure (JEU12) (l 1'90). 

b. Patent Applications 

Cementitious Composite Materials with Stainless Steel Particles 
Patent # 4,482,38.S 
Gotzmcr, J.M. Rizer, I.A. Satkowski and B.E. Scheetz 
Awarderl: 13 Nov. 1984 

This patent has also been or will be issued in the following organizations and 
countries: 

World Patent Coq>oration Patent# 8,500,38.S 
European Patent Office Patent# 149,644 
Australian Patent # 8,431,072 
Brazil Patent # 8,406,963 
Japan (issuerl) 
South Africa (pending) 
Israel (pending) 
Italy (pending) 
Austria (pending) 
Belgium (pending) 
France (pending) 
Luxcnborg (pending) 
Netherlands (pending) 
Sweden (pending) 
Switzerland (pending) 
U niterl Kingdom (pending) 
West Germany (pending) 
Denmark (pending) 
Canada (pending) 
Hong Kong (pending) 
Singapore (pending) 
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Ccmcntitious ~te Materials 
Patent # 4..SOstn 
Hahn, J.M. Rizer and B. E. Scheetz 
Awarded: 12 Dec. 1984 

Composite Material - Comprisin& Portland Cement. Silica Fume. Super-Plasticizer. 
Antifoam Filler and Waw 
Patent# 4,505,753 
Scheetz, B.E., J.M. Ri7.er and M. Hahn 
A warded: 19 March 1985 

c. 

This patent has also been or will be issued in the following organizations and 
countries: 

World Patent Corporation Patent# 8,500,359 
European Patent Office Patent# 148,935 
Australia Patent # 8,406,962 
Brazil Patent# 8,406,962 
Japan Patent # 60,501,707 
South Africa (pending) 
Israel (pending) 
Italy (pending) 
Austria (pending) 
Belgium (pending) 
France (pending) 
Luxenborg (pending) 
Netherlands (pending) 
Sweden (pending) 
Switzerland (pending) 
United Kingdom (pending) 
West Germany (pending) 
Denmark (pending) 
Canada Coending) 
Hong Kong (pending) 
Singapore (pending) 

Industrial DeyelOjlment 

Submission of Uccnsing Application to NRC for Low-Level Radioactive Waste, DCM 
(1988). 

Development and Licensing of a Monofill for Foundry Residual Waste in Berks County, 
PA, 1989 

d. Equipment and Qperational Procedures DevelQPed for Use Within MRL 

Uniaxial water/gas permeability apparatus 
Triaxial water permeability apparatus 
Triaxial pulsed water permeability apparatus 
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Apparatus for determination of linear 
Expansion/shrinkage m grout as a function of 
Temperature and confining pressure 

Designed and rebuilt three laboratories designated for the hydrothcnnal testing of 
materials. This included small low volume capabilities as well as large volume multi
samplc capability and sampling at T and P apparatus. 

Designed and constructed apparatus to obtain water permeability measurements of 
cementitious materials both as uniaxia1 measurements at elevated pressure and at isostatic 
conditions. 

Designed and constructed apparatus for linear shrinkage of ccmentitious materials. 

Designed and constructed a one-pass hydrothermal system capable of 400•c at 10,000 
psi. 

e. Materials Pre.pared as Standard Reference Patterns for .JCPDS-ICDD. 
Swarthmore. PA 

Published in Set 38 0988) 

Barium Zirconium Germanium Oxide 
Strontium Sodium Potassium Niobium Oxide 
Barium Hafnium Germanium Oxide 
Lithium Vanadium Oxide 
Aluminum Gadolinium Borate 
Sodium Niobium Tantalum Oxide 
Strontium Bismuth Titanium Niobium Oxide 
Calcium Aluminum Lanthanum Oxide 
Lithium Niobium Tantalum Oxide 
Sodium Barium Tungsten Niobium Oxide 
Barium Titanium Germanium Silicate 
Sodium Potassium Barium Strontium Niobium 
Sodium Barium Strontium Niobium Oxide 
Potassium Barium Strontium Niobium Oxide 
Iron Bismuth Titanium Oxide 
Sodium Barium Lanthanum Niobium Oxide 
Cesium Lithium Tungsten Oxide 
Cesium Lithium Molybdenum Oxide 
Sodium Barium Gadolinium Niobium Oxide 
Barium Titanium Germanium Silicon Oxide 
Cesium Lithium Tungsten Molybdenum Oxide 
Cesium Lithium Tungsten Molybdenum Oxide 
Sodium Barium Tungsten Niobium Oxide 
Barium Titanium Germanium Silicon Oxide 
Manganese Ytterbium Oxide 
Zinc Gallium Oxide 
Cesium Lithium Tungsten Molybdenum Oxide 
Strontium Titanium Silicon Oxide 
Sodium Lead Tantalate Oxide 
Barium Sodium Niobium Tantalum Oxide 
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BaZJGe30c} 
s12N ao.sKo.sNhs01 s 
BaHfGe30c} 
1.i3V04 
Al3GdB4012 
NaNbO.sTao.s03 
Sr5BiTi3Nb70Jo 
CaLaA130'7 
LiNbQ.sTao.503 
Na3Ba3WNb903o 
Ba2TI(Get.6Si0.4)0s 
Nao.sKo.sBaSrNb5015 
NaBaSrNb501s 
KBaSrNb501s 
FeBiBi4Ti3015 
Na3Ba2LaNb1oOJo 
Csl..1W04 
CsLiMo04 
Na3Ba2GdNb1o03o 
Ba2TiGeo.4Si 1.60s 
esuwo.5Moo.504 
CsLiWO.tM00.904 
N&4Ba2W2NbS03o 
Ba2TIGe l .2Si0.808 
Mn\'b03 
ZnGa204 
CsLiW0.9M00.104 
S12TiSi20g 
NaPb2Ta5015 
Ba2NaNbt .2sTa3. 75015 



Barium Sodium Tantalum Oxide BaiNaTasOu 
,,,.. Barium Calcium Borate Ba2Ca(B306)2 

Barium Sodium Niobium Tantalum Oxide Ba:zNaNb3.7sT•t.2.S01S 
,;.~ 

Gadolinium Phosphate Hydrate OdP04H20 
Bismuth Titanium Niobium Oxide Bi3TiNbO) 
Barium c.obalt Borate Ba2Co(B306)2 ,.,. 
Strontium Zinc Silicate S1"2ZnSi207 
Potassium Lanthanum Tantalum Oxide K2LaTa5015 
Potassium Neodymium Niobium Oxide K:zNdNb5015 

>z:ffl Strontium Gallium Gcmlanium Oxide S1"3Ga2Ge4014 
Calcium Gallium Germanium Oxide Ca2Ga2Gc07 ,,,.. 
Barium Titanium Niobium Oxide Ba61i2Nb80Jo 
Sodium Barium Yttrium Niobium Oxide NaBa3YNb1o03o 
Barium Lanthanum Titanium Niobium Oxide Ba3La3TisNb50Jo ... Lithium Zinc Vanadium Oxide UZ.nV04 
Strontium Aluminum Silicon Oxide Sl"2A12Si07 
Potassium Antimony Gennanium Oxide KSbGe309 

, .. 
1.,4 

Published in Set 39 0989) 
H .. 

Calcium Aluminum Gallium Silicate Ca2Afo.4Ga1 .6Si07 
.,,.* Strontium Barium Titanium Niobium Oxide S1"2B34Ti2Nb8<>3o 

Potassium Samarium Niobium Oxide K2SmNb5015 
JHP Lithium Sodium Titanium Barium Niobium Oxide Li4Na2TJ.4B84Nb60Jo . _, Zinc Borate (high) Zn(B<>2)2 

Calcium Lanthanum Gallium Oxide CaLaGa307 
Potassium Europium Niobium Oxide K2EuNb5015 

l «* Potassium Lanthanum Niobium Oxide K2LaNbs01S 
Potassium Calcium Strontium Niobium Oxide KCaSrNb5015 . ;~ Sodium Barium Europium Niobium Oxide Na3Ba2EuNb1o03o 
Sodium Strontium Barium Niobium Oxide NaSr12Bao.sNbso is . , 
Barium Sodium Gadolinium Niobium Oxide Ba3NaGdNb10030 

"''~ 
Strontium Sodium Tantalum Oxide S1'2NaTa501s 
Barium Lanthar•·m Titanium Niobium Oxide Ba5LaTIJNb703Q 

•• Barium Lithium Tantalum Oxide Ba2LiTa5015 

"'" 
Lead Potassium Tantalum Oxide Pb2KTaso1s 
Calcium Europium Gallium Aluminum Oxide c.aEuGaAI207 

A.f Potassium Strontium Tungsten Niobium Oxide KJSr:3WNb9030 
Potassium Gadolinium Tantalum Oxide K2GdTa5015 

l!'" Potassium Europium Tantalum Oxide K2EuTa5015 .. ' 

~. ~ Accscpted for Set 40 c 1990l 
.. , 

Sodium Barium Holmium Tantalum Oxide NaBa3HoTa1o03o 
~\~ Potassium Holmium Niobium Oxide K2H0Nb5015 

Sodium Barium Tungsten Tantalum Oxide N348a3W2Tag0Jo .. ' Potassium Barium Niobium Oxide KBa3Nb7<>21 
Strontium Bismuth Titanium Tantalum Oxide Sr5BiTI3Ta70Jo ,., 
Potassium Strontium Tantalum Oxide KS1"2Ta501s ... 
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Potassium Barium Tantalum Oxide 
Sodium Lead Niobium Oxide 
Sodium Barium Holmium Niobium Oxide 
Lithium Potassium Tantalum Oxide 
Sodium Barium Titanium Niobium Oxide 
Potassium Calcium Strontium Tantalum Oxide 
Sodium Barium Strontium Tantalum Oxide 
Potassium Barium Strontium Tantalum Oxide 
Sodium Barium Tungsten Tantalum Oxide 
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KBa2Tas01s 
NaPb2,Nb5015 
Na3Ba2ff0Nb1003o 
Li2K3Tas01s 
NaBasT1Nb903o 
KCaSrTas01s 
NaBaSrTas01s 
KBaSrTas01s 
N84Ba2W2Tag030 
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III. SCHOLARSHIP AND MASTERY OF SUBJECT MATIER 

A. Record of Pursuit of Advanced Pep-cc and/or Further Academic Studies 

B.S., Chemical Education, Bloomsburg State College, 1967. 
M.S., Geochemistry, The Pennsylvania State University, 1972. 
Ph.D., Geochemistry and Mineralogy, The Pennsylvania State University, 1976. 

B. Record of Participation in Wodcshops. Seminars and Sbort Courses 

Technical editor of the Department of Energy sponsored workshop of Nuclear Waste 
Management,~ Pennsylvania State University, University Park, PA (July 19n). 

Scheetz, Barry E., and GJ. McCanhy, "Geochemical Factors of Waste Isolation," 
RHO-BWI-78-100, Rockwell Hanford Operations, Richland, WA (1978). Speaker. 

Scheetz, Barry E., "Necessary Research Underlying Tailored Ccmentitious Materials for 
Borehole Plugging," RHO-BWI-78-100, Rockwell Hanford Operations, Richland, WA 
(1978). Speaker. 

McCarthy, G.J., S. Komameni, and Barry E. Scheetz, "The Chemical Reactions of 
Simulated SURF and Columbia River Basalt," RHO-BWI-78-100, Rockwell Hanford 
Operations, Richland, WA (1978). Co-Author. 

"Hydrothermal Interactions Between Nuclear Wastes and Host Rocks dming the Thermal 
Period," Repository Considerations Workshop. Rockwell Hanford Operations, 
Richland, WA (June 1978) (with GJ. McCarthy). 

White, William B., Gregory J. McCarthy, Barry E. Scheetz, W. Phelps Freeborn, and 
Sridhar Komameni, "Brine-Wasteform Interactions Under Mild Hydrothermal 
Conditions," Proceedings of the National Waste Terminal Storage Program Information 
Meeting, Office of Nuclear Waste Isolation, Columbus, OH (Nov. 1979). Co
Investigator. 

"Status of the Static, Oosed-System Hydrothermal Experiments of Simulated Nuclear 
Waste Forms," Basalt Waste Isolation Project Workshop, Richland, WA (December 
1979). 

Grutzeck, M.W., B.E. Scheetz, E.L. White, and D.M. Roy, "Modified Cement-Based 
Borehole Plugging Materials: Properties and Potential Longevity," Workshop on 
Borehole and Shaft Plugging, Columbus, OH (May 1980). Co-Investigator. 

Scheetz, B.E., "Modified Cement-Based Borehole Plugging Materials: Properties and 
Potential Longevity," OECD/ONWI Workshop on Borehole Shaft Plugging, Columbus, 
OH (May 1980). 

Scheetz, B.E., "Dissolution of Aluminum, Titanium and Zirconium," Annual Argonne 
Workshop: Comparative Leaching Behavior of Radioactive Waste Forms, Oricago, Il.. 
(Sept 1980) . 

Scheetz, Barry E., W.B. White, and S.D. Atkinson, "Dissolution of Aluminum-, 
Titanium- and Zirconium-Based Crystalline Waste Forms Components Under 
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Hydrothermal Conditions," Workshop on Wasteform Leachability, Argonne National 
Laboratory (Sept. 1980). Speaker. 

Roy, D.M., Barry E. Scheetz, L.D. Wakeley, and M.W. Barnes, "Leach 
Olaractcrization of Cement Encapsulated Waste," Coofemice on the Lcachability of 
Radioactive Solids, Oak Ridge National Laboratory, Gatlinburg, TN (Dec. 1980). 
Speaker. 

Scheetz, Barry E., EPRI Workshop on Systclm Design and Concrete Durability of 
Cements for Low Level Nuclear Waste Proposal, Washingt0n, D.C. (1984). 
Panel Participant. 

Scheetz, Barry E., "Geochemical Evaluation of Grout Similar to the Topopah Spring 
Member Tuff," Design Requirements and Materials Recommendation Workshop, Sandia 
National Laboratories, November 12, 1984 

Scheetz, Barry E., "Full-Scale Borehole Scaling Tests," Wodahop on Bench Scale 
Borehole Scaling Tests, Office of Nuclear Waste Isolation, Columbus, OH (Dec. 1985). 
Speaker. 

Scheetz, Barry E., "Geochemical Stability and Longevity of Concrete," Technical 
Exchange Program Information Meeting with the Federal Republic of Germany (1986). 
Speaker. 

Scheetz, Barry E., Workshop ~n Sealing and Backfilling of a Salt Repository, II-3, 
Department of Energy, Albuquerque, NM (Sept. 1986). Speaker. 

Scheetz, Barry E., "Bcnchscale Borehole Plugging Tests," Technical Exchange Program 
Information Meeting with the Federal Republic of Germany, Workshop on Scaling and 
Backfilling of a Salt Repository, Il-3, Department of Energy, Albuquerque, NM (Sept. 
1986). Speaker. 

Scheetz, Barry E., Workshop on Leaching, Part Il, Waste Management Technology 
Center, Oak Ridge National Laboratory, Oak Ridge, 1N (1988). Leader of working 
group on leach theory. 

Papers Presented at Technical and Professional Meetin&s 

"Vibrational Spectra of Selected Melilitc Minerals," American Geophysical Union, 
Washington, D.C. (April 1973). Presentor. 

"A Vibrational Study of the Order/Disorder in the Alkaline-Earth Double Carbonates," 
American Geophysical Union, Washington, D.C. (June 1975). Presentor. 

"Raman Spectral Studies of Order/Disorder in Cordierite," American Geophysical Union, 
Washington, D.C. (April 1976). Presentor. 

"Defect Structure of Magnesium Aluminate Spincl Determined by Raman Spectroscopy, 
American Crystallographic Association, Asilmore, CA (Feb. 1977). Presentor. 

"Hydrothermal Reactivity of Simulated Nuclear Waste Forms and Water-Catalyzed 
Waste-Rock Interactions," Materials Research Society, Boston, MA (Nov. 1978). Co
Author. 
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"Effect of Mix Rheology, Admixtures and Salts Upon Physical and Mechanical 
Properties of Hardened Cement Pastes," 7th International Congress on the Olemistry of 
Cements, Paris. France (May 1979). Co-Author. 

"Synthetic Mineral Nuclear Waste Ceramics," American Nuclear Society, San Francisco, 
CA (July 1979). Prcsentor. 

"Temperature Ceramic Waste Form: Characterization of Supercalcinc-Bascd Mooazitc
Cemcnt Composite," Materials Research Society, Boston, MA (Nov. 1979). Co
Author. 

"Permeability Measurements on Ccmentitious Materials fm Nuclear Waste Isolation," 
Materials Research Society, Boston, MA (Nov. 1979). Presentor . 

"Role of Admixtures in Preparing Dense Cements for Radioactive Waste Isolation," 
Materials Research Society, Boston, MA (Nov. 1979). Co-Author. 

"Shale Rocks as Nuclear Waste Repositories: Hydrothennal Reactions with Glass, 
Ceramic and Spent Fuel Rods," Materials Research Society, Boston, MA (Nov. 1979). 
Co-Author. 

"Comparison of Tailored Cement Formulation for Borehole Plugging in Qystalline 
Silicate Rocks and Evaporate Mineral Sequences," Materials Research Society, Boston, 
MA (Nov. 1979). Co-Author. 

"Hydrothermal Interactions of Simulated Nuclear Waste Glass in the Presence of Basalt," 
Materials Research Society, Boston, MA (Nov. 1979). Prescntor. 

"Brine-Waste Interactions Under Mild Hydrothermal Conditions." Materials Research 
Society, Boston, MA (Nov. 1979). Co-Author. 

"Laboratory Alteration of a Columbia River Basalt by Hot Groundwater: An Application 
to Deep Geological Disposal of Nuclear Waste," Geological Society of America, San 
Diego, CA (Nov. 1979). Co-Author. 

"Effect of Composition of Additives Upon Microstructurc of Hydrated Portland Cement 
Composites," Trurd Annual Conference on Cement and Clinker Microscopy, Houston, 
TX (March 1980). Prcscntor. 

"Phase Equilibria of Wceksite and Related Phases in the System K20-UO)-Si()z-"20," 
Northeast Section of the Geological Society of America, Philadelphia, PA (March 1980). 
Co-Author. 

"Preparation and Characteri:zation of Ccmentitious Mixes With and Without Admixtures," 
American Ceramic Society, Chicago, Il.. (April 1980). Co-Author. 

"Stability of Ceramic Nuclear Waste Forms in the Presence of Hydrothermal Solutions," 
American Ceramic Society, Chicago, Il.. (April 1980). Co-Author. 

"Supercalcine-Ceramic- and Calcine-Cement Radioactive Waste Forms," American 
Ceramic Society, Chicago, Il.. (April 1980). Prescntor. 

"The Geochemistty of Nuclear Waste in Shale Repositories," Geological Society of 
America, San Diego, CA (Spring 1980). Co-Author. 
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"Hydrothcnnal Interaction of a Ceramic Waste Form Basalt.• Alternate Nuclear Waste 
Forms and Interactions in Geologic Media, Oak Ridge National Labcntory, Gatlinburg. 
TN (May 1980). Prcscntor. 

"Application of Gandolfi X-Ray Diffraction to the Otaractcrizatioo of Reaction Products 
from the Alteration of Simulated Nuclear Wastes," 23rd Denver X-Ray Conference, 
Denver, CO (Aug. 1980). Co-Author. 

"Stability of Simulated Spent Fuel in Hydrothermal Solutions: Is Spent Fuel a Stable 
Waste Form?" Materials Research Society, Boston. MA (Nov. 1980). Co-Author. 

"Characteristics of a High-Waste-Loading Cement-Based Waste Form for the Savannah 
River Wastes," Materials Research Society, Boston, MA (Nov. 1980). Prcsentor. 

"Low-Temperature Tailored Ceramic Radioactive Waste Form: Comparative Studies," 
Materials Research Society, Boston, MA (Nov. 1980). Co-Author. 

"Permeability and Chemical Analyses for Permeating fluids of Various Borehole 
Plugging Materials and Low Tempenturc Ceramic Radioactive Waste Forms." Materials 
Research Society, Boston, MA (Nov. 1980). Prescntor. 

"Comparative Study of Hydrothermal Stability Experiments: Application to Simulated 
Nuclear Waste Forms," Oak Ridge National Laboratory Conference on the Lcachability 
of Radioactive Solids, Gatlinburg, TN (Dec. 1980). Presentor. 

"Leach Oiaracterization of Cement Encapsulated Wastes," Oak Ridge National 
Laboratory Conference on the Lcachability of Radioactive Solids, Gatlinburg, TN (Dec. 
1980). Co-Author. 

"Properties of Cement Solidified Radioactive Waste Forms with High Levels of 
Loading," American Ceramic Society, WashingtOn, D.C. (April 1981). Presentor. 

"Cement Composites Using Industrial By-Products: Preparation and Properties," XIII 
Conference on Silicate Industry and Silicate Science, Budapest, Hungary (June 1981). 
Co-Author. 

"Backfill-Waste interactions in Repository Simulating Tests," Materials RCSCaICb 
Society, Boston, MA (Nov. 1981). Co-Author. 

"Backfill Simulated Waste Interactions Under Radwaste Repository Conditions," 
Materials Research Society, Boston, MA (Nov. 1981). Co-Author. 

"Dissolution of Simulated Spent Fuel in Hydrothermal Solutions," Materials Research 
Society, Boston, MA (Nov. 1981). Co-Author. 

''The System SrMo04-BaMo04-CaMo04: Compatibility Relations, the Implications for 
Supercalcinc Ceramics," Materials Research Society, Boston, MA (Nov. 1981). 
Presentor. 

"Stability of I and Sr Radiophases in Cement Matrices," Materials Research Society, 
Boston, MA (Nov. 1981). Co-Author. 

"Studies of Pollucite," Materials Research Society, Boston, MA (Nov. 1981). Co
Author. 
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"Physical and Oiemica1 Behavior of Selectively Etched Flyashcs," Materials Research 
Society, Boston, MA (Nov. 1981). Prcscntor. 

"Leaching Mechanisms in Composite of Nuclear Waste with Cement," American 
Ceramic Society, Cincinnati, OH (April 1982). Co-Author. 

"Pore Structure of Leached Cement-Based Nuclear Waste Forms," American Ceramic 
Society, Cincinnati, OH (April 1982). Presentor. 

"Hydroxylated Aluminum Phosphate Ceramics for Encapsulation of High-Alumina 
Nuclear Defense Waste," American Ceramic Society, Cincinnati, OH (April 1982). Co
Author. 

"Compatability Relationships in the Fe-U-0-H System at 400·c: The Implications of the 
Ferric-Ferrous Buffer for the Immobilization of Uranium and Transuranic Elements," 
Materials Research Society, Boston, MA (Nov. 1982). Prcsentor. 

"Hydrothermal Simulation of Ion Migration in Selected Argillaceous Sediments: 
Implication for Backfill Design," Materials Research Society, Boston, MA (Nov. 1982). 
Presentor. 

"Comparison of Tuff and Flyash in Cement," American Ceramic Society, Chicago, n.. 
(April 1983). Co-Author. 

"An ICPP Aluminum Phosphate Ceramic Waste Form: Synthesis and Room Temperature 
Aqueous Stability," American Ceramic Society, Chicago, n.. (April 1983). Co-Author. 

''Thermal Stability of an ICPP Aluminate Phosphate Waste Form in Aqueous Solutions," 
American Ceramic Society, Pittsburgh, PA (April 1984). Co-Author. 

"Laser Raman Microprobe Characteriz.ation of Fly Ash," Advances in Materials 
Characterization II, Alfred, NY (July 1984). Co-Author. 

''The Devolpment of a High Strength Cementitious Tooling/ Molding Material," Materials 
Research Society, Boston, MA (Nov. 1984). Co-Author. 

"Optimiz.ed Hign Strength Mortars: Effects of Chemistry, Particle Packing and Interface 
Bonding," Materials Research Society, Boston, MA (Nov. 1984). Co-Author. 

"Stability of NZP Waste Forms and Their Application to ICPP Wastes," Materials 
Research Society, Boston, MA (Nov. 1984). Prescntor. 

''The Role of Boron in Monitoring the Leaching of Borosilicate Glass W astc Forms," 
Materials Research Society, Boston, MA (Nov. 1984). Prcsentor. 

"Geochemical Performance Evaluation and Characterization of a Potential Cemcntitious 
Repository Sealing Material for Application in the Topopah Spring Tuff NNWSI 
Investigations." Materials Research Society, Boston, MA (Nov. 1984). Presentor. 

"Characterization of Crystalline Phases in Fly Ash by Microfocus Laser Raman 
Spectroscopy," Materials Research Society, Boston, MA (Nov. 1984). Presentor. 

"~ge-Scale Laboratory Permeability Testing on Potential Repository Rocks," American 
Ceramic Society, Boston, MA (April 1985). Presentor. 
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"The Effect of Cllcmically Adjusting Cement Compositions on Leachability of Waste 
Ions," American Ceramic Society, Cincinnati, OH (April 1985). Co-Author. 

"Laser Raman Microprobc 01aractcrization of Density Separated Fly Ash," 
CANMET/ACI, Madrid, Spain (Winter 1986). Prescntor. 

"Elevated Temperature Stability of Cementitious Sealants for a Deep Geological 
Repositmy in Tuff," Los Alamos National Laboratory, American Ceramic Society, 
Chicago, IL (May 1986). Prcscntor. 

"Cllemically Bonded Calcium Aluminate Cement as a Substrate Material," American 
Ceramic Society, Chicago, IL (May 1986). Prescntor. 

"Preliminary DiSsolution Model Applicable to Shaft Seal Durability," American Ceramic 
Society, Chicago, IL (May 1986). Presentor. 

"Low Frequency Dielectric Response of Calcium Aluminate Cements: The Role of 
Organic versus Inorganic Polymers as Rheological Aids," American Ceramic Society, 
Chicago, IL (Fall 1986). Co-Author. 

"Interpretation of Pore Structure in Cementitious Solids by the Use of Fractal 
Geometry," Materials Research Society, Boston. MA (Nov. 1987). Presentor. 

"High Frequency Dielectric Response of Calcium Aluminate Cements: Potential 
Packaging Substrate Materials," Materials Research Society, Boston, MA (Nov. 1987). 
Co-Author. 

"PARTPAC- A Computer Code for Calculating Particle Packing," American Concrete 
Institute, Orlando, FL (Spring 1989). Prcsentor. 

"The Chemistry of Al-Tobermorite and its ~xisting Phases at 11s·c," Materials 
Research Society, Boston, MA (Nov. 1989). Co-Author. 

"Concrete Permeability and its Relation to Pore Structure," Transportation Research 
Bo~ Washington, D.C. (Jan. 1990). Co-Author. 

"Packing and Rheological Models and their Prcdicitve Capacity for Concrete Properties," 
Transponation Research Board, Washington, D.C. (Jan. 1990). Prescntor. 

"Effects of Packing on Concrete Propcnies Optimization," Transportation Reserach 
Board, Washington D.C. (Jan. 1991), Prcscntor. 

"Hydration and Curing Characteristics of Plan and Blended Cement Concretes," TRD, 
Washington D.C., (Jan. 1991), Prcscntor. 

"An Examination of Variations in the Structural Parameter of Pyrite Using Powder X-ray 
Diffraction and the Rutveld Method of Structure Refinement," PICXUR, Honolulu, HI 
(August 1991). 

"A Study of Concrete for the Tumulus Disposal Units in Low-Level Radioactive Waste 
Management," Amer. Ceram. Soc. (April 1991). 

, Barnes, M. W .. and B.E. Scheetz, "Waste Disposal Chemistry: Al-Tobcrmorite and Si
Substitutcd Hydrogarnct," TERRA cognita (1987), Co-Author 
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Scheetz. Barry E. and Jefferson P. Hoffer, "Otaractcriution of a Sodium Silicate 
Activated Ccment-Aluminosilicate Low-Level Radioactive Waste Form, ff American 
Concrete Institute (March 1991). 

Scheetz, Barry E. & Della M. Roy, "The Oiemistry of Cementitious Systems for Waste 
Management: The Penn State Experience. ff American Oiemica1 Society, Environmental 
Science Symposium, New York (August 1991). 

D. Description of Speakin& En&a&ements 

"Vibrational Spectra of Selected Melelite Minerals," 6th Annual Graduate Student 
Colloquium in the Geological Sciences, The Pennsylvania State University, University 
Park, PA (April 1973). 

"A Vibrational Study of the Order/Disorder in the Alkaline-Earth Double Carbonates," 
8th Annual Graduate Student Colloquium in the Geological Sciences, The Pennsylvania 
State University, University Parle. PA (April 1975). 

"Hydrothermal Stability of Nuclear Waste Glass," United States Geological Survey, 
Menlo Park, CA (June 1978). 

"Stability of Crystalline Nuclear Wasteform vs. Glassy /Wasreforms," Thousand Oaks 
Research Center, Rockwell International, Thousand Oaks, CA (Feb. 1980). 

"Chemical Reactivity of Duplex-Coated Ceramic Wasreforms," General Atomic, San 
Diego, CA (Feb. 1980). 

"Nuclear Wasre: Is it a Problem Without a Solution?," The American Society of 
Mechanical Engineers, Williamsport, PA (March 1980). 

"Nuclear Waste: Is it a Problem Without a Solution?," Central Pennsylvania Section 
of The American Society of Mechanical Engineers (March 1980). 

"Nuclear Waste Form Stability," Department of Physics, Millersville State College (Oct. 
1980). 

Eleven lectures on nuclear and haz.ardous waste management, Westinghouse Advanced 
School in Power Systems Engineering, The Pennsylvania State University, University 
Park, PA (1980-1990). 

"Basalt Nuclear Waste Interactions," Pacific Northwest Laboratories, Batellc Memorial 
Institute, Richland, WA (May 1982). 

"Grout Development of Scaling in Nuclear Waste Repositories," Chemical Technologies 
Division, Oak Ridge National Laboratory, Oak Ridge, TN (1982). 

"Immobili7Jltion of Hazardous Wastes: Radioactive vs. Chemical," Office of Hazardous 
Waste Management, The Pennsylvania State University, University Park, PA (1982). 

"Nuclear Wasre Management: An Overview," Ecology Seminar, Oiemistry Department, 
The Pennsylvania State University, University Parle. PA (Oct. 1982). 

Colloquium: Nuclear Wasre Disposal, Purdue University (Feb. 1984). 
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"Radiation and Its Applications," Philadelphia E1cctric Company, Umcrick Atomic 
Information Center, Pottstown, PA (1982, 1983). 

''Tailored Ceramic Waste Forms for Hazardous Olemical Wastes," Office of Huardous 
Waste Management, The Pennsylvania State University, University Parle, PA (1983). 

Commencement Spcakrz at Shamokin Area School District (May 1985). 

"The Role of Crystallography in Nuclear Waste Management," Colloquium on Careers in 
Science, State College High School (1985). 

"Waste (Nuclear and Hazardous) Solidification," Consatium on Cemically Bonded 
Ceramics, The Pennsylvania State University, University Parle, PA (1985). 

"An Overview of Nuclear Waste Management," The Pennsylvania State University, 
Capitol Campus (Oct. 1985). 

"A Review of the Patent Literature on CBC Coatings," Consortium on Olemically 
Bonded Ceramics, The Pennsylvania Sate University, University Park, PA (1986). 

Commencement Speaker at Kutztown Area School District (May 1986). 

"Recent Advances in the Studies of Obsidian Age Dating," Department of Geology, 
University of New Mexico, Los Cruces, NM (Sept. 1986). 

"Geomorphology of the Nittany Valley," Bald Eagle Olaptcr of the Society for 
Pennsylvania Archaeology, State College, PA (Jan. 1987). 

"Geochemical Origins of Archaeological Lithic Materials in the Nittany Valley," Bald 
Eagle Chapter of the Society for Pennsylvania Archaeology, State College, PA (Feb. 
1987). 

"Archaeology of Caves of the Western Nittany Valley," Bald Eagle Olaptcr of the 
Society for Pennsylvania Archaeology, State College, PA (March 1987). 

"Recent Advances in the Studies of Obsidian Age Dating," Bald Eagle Olaptcr of the 
Society for Pennsylvania Archaeology, State College, PA (Oct. 1987). 

Thirteen Lectures Deliveml at Tongji University, Center for Research and Analysis, 
Shanghai, People's Republic of Orina (April 1989): 

Examination of Conventional Concrete Formulations Design in Light of 
Theoretical Modeling of Particle Packing 

Laser Raman Miaoprobc Characterization of Fly Ash 

Development and Oiaracterization of Tuff Compatible Concrete (Pans I and m 
High-Tech Application of Calcium Aluminatc Cement as Low Pennitivity 
Substrates 

Development of Ultra-High Strength in Portland Cement for High-Tech 
Applications 
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Development of High Strength MDF Cements Based on Partland Cement 
Composites 

Owactc:ri7.ation and Mechanical Propcnies of SSPC Concretes 

International Center for Diffraction Dara: Who They Are and What They Do! 

Use of the Powder Diffraction File (Parts I and m 
Characteri7.ation of a Na-Silicate/Ccment Low-Level Nuclear Waste Form 
(PansI&m 

"International Center fer Diffraction Data: Who They Are and What They Do!" 3-hour 
lecture to technical staff, Building Materials Research Institute Beijing, People's Republic 
of China (April 1989). 

"Calcium Aluminate Cement as a Low Permitivity Substrate.• AKZD Review, 'Ibc 
Pennsylvania State University, PA (1989). 

"X-Ray Diffraction in a Student Environment," Philips Electronic Instruments, Inc., 
Mahwah, NY (1989). 

"Scientific Basis for the Immobilization of Heavy Metal Wastes in Cement," Consortium 
on Chemically Bonded Ceramics, Washington, DC (1989). 

"Large Volume Utilization of Fluidized Bed Combustion Ashes," Anthracite Region 
Independent Power Producers Association, Pottsville, PA (1990). 

"Use of Alkali-Activated Fly Ash Cements in Abandoned Mine Site Remediation," Babbs 
Creek Trust Fund Committee of the Pennsylvania Environmental Defense Foundation, 
Morris, PA (1990). 

"Large Volume Uses of Alkali-Activated Cement in the Mining Environment," 
Pennsylvania Department of Environmental Resources, Surface Mining Section, State 
College, PA (1990). 

"Large Volume Uses of Alkali-Activated Cement in the Mining Environment," 
Pennsylvania Department of Environmental Resources, Bureau Central Office and 
District Office Permitting Staff, State College, PA (1990). 

"Pyrite Oxidization in Coal Spoils," Pennsylvania Depanment of Enviroomental 
Resources Regional Oiemists, State College, PA (1990). 

"Characteriz.ation and Source Identification of Jaspers in Pennsylvania," Bald Eagle 
Chapter of the Society for PA Archaeology (Nov. 1990). 

"Partially Sintered Tape Cast Materials with Controlled Porosity," AKZO C.01p., Dobbs 
Ferry, NY (Nov. 30, 1990). 

"Sodium Silicate Activated Portland Cements," PQ Cotp., Easton, PA (Sept. 1991). 

Consultin& Activities 

Coming, Pittsburgh, PA and State College, PA 
Xerox, Rochester, NY 
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F. 

Delaware CustomMaterials. State College, PA 
Johnson and Johnson, Princeton, NJ 
East Earl Township, Lancas1el' County, PA 
CEMCOM Rcseatch Associates, Lanham. MD 
Tele-Media. AsnDula, OH 
Westinghouse, Pittsburgh, PA 
Owens-Coming, Toledo, OH 
Mead, Dallas. TX 
United Technologies, Hartford, CN 
TRIMA, Pittsburgh, PA 
General Motors, Detroit, MI 
Snow, Ouistenscn and Martineau Associates, Salt Lake City, UT 
Dunstun, Inc., Lakewood, CO 
GTE Sylvania, Towanda, PA 
Frank, Bernstein, Conaway & Goldman, Baltimore, MD 
Morgan, Lewis and Bockius, Philadelphia, PA 
George Keros Industries, Detroit, MI 
Phoenix Environmental, Williamspon, PA 
R.J. Lee Group, Monroeville, PA 
Vitramon, Bridgeport, CT 
Delta Chemical, Inc., Searsport, MA 
Armstrong World Industries, Lancaster, PA 
Martin Marietta Energy Systems, Inc., Oak Ridge, 1N 
Pcrmagrain, Karthaus, PA 

Description of New Courses or Coqperative Extension Promms Develo.ped 

"X-ray Difffraction Clinic: Advanced Diffraction Techniques: Laboratory Program on 
Data Analysis Using PC-Based Computers," Materials Research Laboratory, The 
Pennsylvania State University, University Park, PA (1990-1991). Lecturer. 
Enrollment: 34 

G. Description of New Computer Software Prowros DevelqlC<i 

Programs Developed for Internal MRL Use 

Normative phase composition for cement clinker from bulk chemical 
compositions. 

Nonnaliu:d bulk chemical compositions of concretes from components in the 
system Ca0-Si~-Al20). 

Supervised Programs Developed for Internal MRL Use 

Control and data collection for pulsed permeability 

Control and data collection for fluorescence microscopy 

Control and data collection for x-ray powder diffraction 

Modeling of borehole and shaft seal dissolution 

P ARTP AC--calculation of random packing of dry solids. 
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H. Dcsgjption of New Metbods of Icachine Established Courses 

NIA 

I. List of Honors or Awards for Scholarship or Professional Actiyity 

National Internship. Argonne National Laboratory. 1972 
National Academy of Sciences Visiting Scholar to Olina. 1989 

J. Record of Membership and Active Participation in Professional and Learned Socictia 

1. Memberships 

Minecalogical Society of America 
Materials Research Society 
American Ceramic Society 
Sigma Xi 
National Speleological Society 
American Concrete Institute 
Joint Committee on Powder Diffraction Standards-International Centre for 

Diffraction Data 

2. Offi~s H~ld 

NIA 

3. Activigc., 

Co-Chair of Symposium 'Characteri7.ation, Utilization and Immobilization of Hu.ardous 
Industrial Materials.' Materials Research Society (1983). 

Co-Chair of Symposium 'Cbaractcri7.ation, Utili7.ation and Immobilization of Coal 
Combustion Wastes,' Materials Research Society (1984). 

Chair of Workshop on Oiemically Bonded Ceramics, The Pennsylvania State University 
(1984). 

Finance Committee of the Materials Research Society (1985-1988). 

Papers and Program Committee, Cement Division of American Ceramic Society (1985-
1987). 

Program Chair, Cements Division of the American Ceramic Society (1987). 

Co-Chair of the Materials Research Society Meeting (Dec. 1987). 

Executive Committee, Cements Division of the American Ceramic Society (1987). 

Program Committee of the Materials Research Society (1987-1989). 
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OWr of the Task Group on Ccmentitious Materials, JCPDS- ICDD Committee on Target 
Materials (1987-Prcscnt). 

Clair of the Task Group on Standardization of Raman Data., JCPDS-ICDD (1987-
Prcsent). 

Continuing Education Committee of the Materials Research Society (1988-1990). 

Clair of the Academic Affairs Committee of the Materials Research Society (1988-
Prcsent). 

Nominated for 1st Vice President of the Materials Research Society 
(direct succession to President) (1988). 

Co-Chair of Symposium 'Specialty Cements,' Materials Research Society (1989). 

Advisory Committee for SPECTRUM '90, Nuclear and Hu.ardous Waste 
Management International Topical Meeting (1989). 

4. Peer Reviewer for Professional Journals 

Cement and Concrete Research 
Journal Material Research 
Journal American Ceramic Society 
Nuclear Technology 
Materials Research Bulletin 

List of Grants and Contracts for Ieachin& Improyemcnt or for Ieachin& Promms 

NIA 
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IV. SERVICE TO THE UNIVERSITY AND THE PUBLIC 

A. Seryicc ID the UniversitY 

1. Record of Committee Work 

Member, MRL equipment committee, 1983-1989. 
Co-Chair, 1991-Prcsent. 

IRP faculty representative, Senior Vice-President for Research and Graduate Studies 
Employee Opinion Survey Response Committee, 1989-Prcsent. 

SSS faculty representative, Strategic Plan Update for IRP Programs, Sept. 1989. 

Member, University Faculties and Graduate School 

Associate Member, Graduate School, 1976- present 

Member, Solid State Science Faculty, 1976- present 

Member, Environmental Pollution Control Faculty, 1985 - present 

Member, Entrance Requirements, Candidacy & Comprehensive Committee IRP Program 
in Materials. 

2. Participation in Governance Bodies and Related Activities 

Faculty Advisor to The Pennsylvania State University Chapter of the Materials 
Research Society (1987-Present). 

3. Record of Adminstrative Sup,port Work 

Principal responsibility for maintainancc and operation of centrali7.ed MRL X-ray 
diffraction facility. 

Faculty backup for SEM facility. Share responsibility for centralized furnace room and 
hydrothermal laboratory. 

4. Record of Conttibutions to F.Q.ual QRponunitY and Cultural Diycrsitx Pmm,ms 

NIA 

5. Record of Service to the Office of the Vice President for Research and Graduate 
Studies. 

Coordinated, wrote portions of, edited, and published a proposal to the U.S. Nuclear 
Regulatory Commission in response to solicitation number RS-NMS-87-005 for the 
establishment of a Center for Nuclear Waste Analysis at The Pennsylvania State 
University. This 800 page proposal was submitted jointly with MIT and Franklin 
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Research Institute for a S-ycar program renewable for an additional 20 years at 
$50,000,000/pcriod. 

B . Service to the Public 

1. Participation in Community Affairs 

Boy Scouts of America: Troop 31 committee member (1986-1989); Merit Badge 
Counselor; Committee Chair (1990-Present). 

Bald Eagle Chapter of the Society for Pennsylvania Archaeology: President ( 1989-1990), 
Vice President (1988-1989). 

Lemont Village Association: Co-Founder (1976); Board of Directors (1976-1984). 

2. Service to Goycmmental A&encics 

Environmental Consultant to East Earl Township, Lancaster County, PA 
Peer reviewer for National Science Foundation 
Peer reviewer for National Institute of Health 
Peer reviewer for National Science and Engineering Research Council of Canada 
Department of F.nergy 

3. Service to lnduStl)' 

President of BSSS Ltd., Lemont. PA. 

4. Service to Public and Private Or&anizations 

Materials Research Laboratory representative for United Way (1983) 
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EXHIBIT B 

Date: April 17, 1991 

To: MEMO OF RECORD 

From: Al Lappin - 6340A and Martin Molecka - 6345 

Subject: Sununary of Estimated Consequences of Proposed FSAR 
Related Purging Requirements for Bin-Scale Tests 

This Memo of Record addresses the gas- compositional 
consequences and overall programmatic implications to the WIPP bin
scale CH TRU waste test program that result from proposed bin 
purging. Supporting calculations on gas concentration changes 
caused by purging are documented in a (separate) memo by Jim Nowak 
dated April 4, 1991. These significant consequences are caused by 
various interpretations of the draft FSAR Addendum for ndryn bin 
tests, specifically the proposed requirement to purge bins for gas 
flammability control. 

The site-proposed FSAR interpretation is that, for purposes 
of evaluating and controlling flammability: a) it must be assumed 
that oxygen is present in the experimental bins at g_ll times, 
regardless of any experimentally governed anaerobic bin atmosphere; 
and b) that experimental bins must be purged if the concentration 
of any flammable gas within the bin reaches sot of the lower limit 
for flammability, assuming oxygen is present at any time. For the 
specific case of hydrogen, we assume that the upper and lower 
concentration limits for purging are 2t (SOt of the lower limit for 
flammability; initiation of purging) and 0.4t (lOt of the limit; 
end point for purging), respectively. For methane, the other major 
flammable gas produced, the corresponding limits are 2. st and O. st. 

In contrast, the technical approach defined in both the Bin
Scale Test Plan and the Test Plan Addendum has been to allow the 
concentrations of potentially f lanunable gases in both anaerobic 
and {depleted oxygen, but still) aerobic bins to increase as close 
as possible to those concentrations expected at long times. This 
specifically means that concentrations of hydrogen or methane much 
higher than 2.0 2.St are expected. These gases could 
asymptotically approach their long-term compositions, with 
concentrations greater than 70t possible. Initial gas 
concentration vs. time calculations indicate that such high levels 
of gas (hydrogen or methane) conceivably could be generated in a 
matter of months under the appropriate (long-term realistic) test 
conditions. 

This approach has been maintained by Sandia through both the 
DOE approval cycle for the Test Plan Addendum (completed 12/90) 
and a later nconsistency checkn between the Test Plan Addendum and 
the draft FSAR Addendum {completed 1/91}. However, as noted below, 
major inconsistencies in FSAR Addendum interpretations at the site 
still appear to exist. In addition, these various interpretations 
are not, to our knowledge, clearly documented. 
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We also must note, however, that it has become apparent during 
the Sandia Internal Design Review (SIDR) process for the bin tests 
that our own approach to gas flammability probably has not been 
internally consistent. Specifically, with the exception of the 
solenoid-actuated, pressure-relief valve loop, the prototype bin 
instrumentation was not specifically selected to be •inherently 
safe• for use with potentially flammable gas mixtures. For 
example, neither the pump included as part of the gas-recirculation 
loop nor the pumps included on the oxygen-gettering cart are 
•inherently safe.• Therefore, the present bin and instrumentation 
are not, in fact, adequate for experimental operations above sot 
of the lower flammability limit. We plan on incorporating 
•inherently safe• components in the near-future, as soon as 
practicable, i.e., after the ORR. 

It must be emphasized that for all options discussed in this 
memo, for limited quantities of low-gas generating TRU wastes only, 
there are no anticipated impacts to the current schedules for the 
WIPP Integrated System Checkout (ISC), Operations Readiness Review 
(ORR), or first waste receipt. 

I. SUMMARY OF CONCLUSIONS 

A. 

B • 

(NOTE: Supporting details are presented later in this memo.) 

If the FSAR addendum must be interpreted to require bin 
purging at 1/2 of the lower f lanunability limit concentrations 
of H2 and/or CH4 , .then the present bin and instrumentation 
design will probably be adequate for use in experiments at the 
WIPP or elsewhere, with ~ those types of wastes for which 
net gas-generation rates are on the order of O .1 
moles/drum/year (0.6 moles/bin/year) or less. This FSAR 
interpretation assumes that oxygen must be considered to be 
present at all times, even though it is experimentally 
governed at levels that technically preclude flammability 
potentials and is monitored frequently. Because of the 
purging restraint, it appears that only •dry• low-organic or 
other •low-gas generating• wastes can be tested without 
modification to the present testing plans and/or the bin and 
attached instrumentation. Bin-scale testing of most high
gas generation high-organic wastes and process sludges, to 
obtain data relevant for long-term (predictive) WIPP 
performance assessment (PA} purposes, appears to be precluded. 

If the FSAR addendum must be interpreted to require purging, 
there are multiple negative impacts on the interpretations and 
technical validity of resultant test gas data. Gas 
mechanistic interpretations based on obtained short-term data 
are not relevant to the post-closure period of the repository; 
any resultant predictions will not be defensible for WIPP PA 
purposes. Gas data will, however, be relevant for repository 
operational-safety evaluation purposes; wastes that exhibit 
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D. 

unacceptably high-gas generation rates may be relegated to 
further Level-II treatment or reprocessing. 

In addition, there may be an inability to conduct more than 
about four (4) bin tests on any high-gas generating wastes in 
the WIPP underground, as presently constrained by the 3L/min. 
maximum flow rate for the voe-manifold system. The voe 
monitoring system was not designed to acconunodate the 
potentially high concentrations or volumes of voes to be 
purged; site compliance with respect to 40 CFR 268 may prove 
difficult. The voe monitoring system will require some 
redesign. 

Before any decision is made to eliminate potentially flammable 
gas compositions in the WIPP underground for purposes of bin 
testing, the potential impacts of this decision on full-scale 
operations at the WIPP must be considered carefully. High
gas generating wastes amount to greater than 60 volume t of 
wastes presently planned for WIPP repository isolation; these 
would be precluded. Safety-related implications to waste 
generator sites must also be seriously considered. These 
other sites do not have the capability of purging their stored 
wastes to control both potential and documented concentrations 
of flanunable gases. 

The proposed interpretation of the draft FSAR Addendum 
approach to gas flammability is, in our technical opinion, 
inconsistent with the present bin and instrumentation designs 
and documented test objectives, except for low-organic or 
(specially treated or modified) Level II wastes. There appear 
to be several alternative approaches to the problem of gas 
flanunability during the bin tests at the WIPP. These 
alternatives include: 

1. Initiate the bin experiments at WIPP using only low-gas 
generating low-organic and/or Level II treated wastes; limited 
types of high-organic wastes, e.g., leaded rubber waste (TRUCON 
content code 123/223), might also be acceptable. This approach 
incorporates about 18 to 24 waste-filled test bins, assuming that 
the proposed FSAR approach cannot be modified. There is a 
significant risk that much of the Phase O bin test program and most 
of Phases 1 and 2 could not be conducted for purposes of collecting 
data required for long-term WIPP PA, however. 

2. Aggressively pursue redesign of the bin and related 
instrumentation, and/or physical constraints and administrative 
procedures, to be "inherently safe" for experiments involving 
potentially flammable gas mixtures. This redesign must be a total 
integrated (i.e., WID, SNL, and WPO) system-engineering approach. 
This approach also includes strict procedures for minimizing oxygen 
content in the bins and monitoring for oxygen frequently. This is 
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the technique documented in the Test Plan and Test Plan Addendum, 
and approved by the WPO. 

3. Completion of a probabilistic risk assessment, including 
estimated frequencies and consequences of assumed accident 
scenarios. This approach may or may not need to be combined with 
modifications of the bin and related instrumentation. 

4. Evaluate the possibilities of incremental compliance 
assessment and/or additional treatment (reprocessing) of high-gas 
generating high-organic and/or process sludge wastes so that they 
might be brought to the WIPP for testing (and future emplacement) . 

In summary, the problems and consequences discussed above 
raise significant concerns about bin-scale testing or future waste 
emplacement for high-gas generating, high-organic wastes and 
process sludges. The major consequence of using purging to control 
bin flammability-safety concerns is to render the resultant data 
as applicable only to the short-term (early years) of repository 
operation. Resultant data interpretations will be of little use 
for PA predictive modeling, as claimed by the project, and may not 
support initial receipt of such wastes at the WIPP, for purposes 
of evaluating compliance with 40CFR191 Part B. The data may, 
however, be critical in evaluating the several timeframes 
(described in the Rationale document) that pertain to the time 
period between the waste transportation calculations (that extend 
only to 66 days after TRUPACT if loading) and calculations for 
40CFR191 Part B (that start 100 years after repository 
decommissioning) . 

It must be stated that these consequences do nQt. appear to 
impact the validity and conduct of a limited scope of planned bin 
tests with low-gas generating, "dry• low-organic wastes or Level 
II treated wastes. 

Further details of these individual conclusions and 
consequences on the presently defined bin-scale test program are 
discussed in the following section. 

II. SUPPORTING DETAILS 

A. With the FSAR Addendum interpreted to require bin purging at 
1/2 of the lower limit of flammability concentrations of H 
and/or CH4 , the present bin and instrumentation design wil~ 
probably be adequate for use in experiments at the WIPP or 
elsewhere, with only those types of wastes for which net gas
generation rates are on the order of 0.1 moles/drum/year (0.6 
moles/bin/year) or less. Basically, this level of gas 
generation essentially permits only radiolytic gas 
degradation; this gas rate could be initiated by about 10 
grams of W9pu per drum, average. Both microbial and anaerobic 
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corrosion processes (and potential synergistic interactions) 
have the potential to produce significantly greater amounts 
of gas, as measured in laboratory tests and predicted from 
existing lab data. 

With the purging restraint, the waste types which presently 
appear to remain appropriate for experiments addressing long-term 
PA are: 

1. "Dry• low-organic (LO) wastes (including the metal 
container materials) , i.e. about 15 Phase O test bins of low
organic wastes to which additional brine is nQ.t. added. At present, 
this appears to be the ~ waste category which can be tested 
without some modification to present equipment and planning. 

2. "Dry" Level II treated wastes, i.e. those treated to 
reduce gas generation rates significantly (however, the theoretical 
gas-generation potentials are not reduced by such treatment). This 
could include about 6 Phase O test bins of existing TRUCON code 
114/214 (cemented inorganic particulate) and possibly 126/226 
(cemented organic process solid) wastes. 

3. "Wet" and "dry" low-organic wastes, in test Phases 1, 2, 
and 3. However, these tests would need to be modified to eliminate 
the metal container materials (wire mesh or metal drums for 
supercompacted wastes). •wet" TRUCON code 117/217 (mixed metal) 
wastes would have to be excluded totally. These limitations are 
required because of the potential high rate of hydrogen generation 
by anaerobic corrosion of mild steel under "wet• conditions. This 
category could potentially include up to about 21 bins of waste in 
the later phases. 

4. "Wet" Level II treated wastes, in test Phases 1, 2, and 
3. No estimate of total test bins in this category can be made 
yet, the number depends on both test results and contingencies. 
However, these tests would need to be modified to eliminate the 
steel metal container material (including wire mesh) . This 
limitation is required for the reasons described for "wet" LO 
wastes. Elimination of steel waste containers for test purposes 
also would imply that such containers cannot be used in WIPP 
operational waste emplacement. This is a Level II treatment 
decision that should be made by DOE (both HQ and WPO) as it has 
consequences for future waste packaging (or repackaging) at the 
generator sites. 

Some "dry" high-organic (HO) wastes might also be acceptable, 
such as 3 test bins of leaded rubber (TRUCON code 123/223) wastes; 
these wastes are tentatively expected to have a low rate of gas 
generation. In addition, some other "dry" high-organic wastes 
without the metal containers materials might also be acceptable; 
however, this hope is contrary to previous laboratory experimental 
results obtained by Molecke that indicate that "as-received" water 

5 



,,111, 

' ' 

j ' 

' ' 

contents are more than sufficient to initiate significant microbial 
activity. AT this time, the uncertainty in the rate and gas 
compositions of microbial activity under •dry• and •humid• 
conditions is the greatest uncertainty in the evaluation of the 
present bin testing program for "dry" high-organic, high-cellulosic 
content wastes. 

B. If the draft FSAR Addendum continues to be interpreted as 
requiring bin purging for flammability control, multiple 
limitations (to the original test objectives) will originate 
from the following major factors: 

1. Inability to claim that gas compositions measured during 
the experiments are representative of those expected under 
realistic, long-term repository conditions, as justified in the 
Test Plan. The required number of bin purges for wastes that 
generate gases at high rates would completely eliminate the present 
objective of having gas compositions in the bin tests approach or 
simulate those expected under long-term repository conditions. 
Remember, the long-term gas compositions will asymptotically 
approach the integrated compositions of the gases 
generated/released by the wastes. These compositions are actually 
approached more rapidly as a result of bin venting (ref er to 
supporting memo by Nowak for calculations) , but would not be 
approached at all in the event of frequent bin purging. 

The gas concentrations in purged bins could never approach 
self-limiting concentrations, i.e., concentrations potentially 
capable of either poisoning, catalyzing, or fertilizing other 
reactions and/or interactions. The experimental "time clock" would 
essentially be reset to time t - O after every purge cycle. 

2. Inability to claim, as a defensible fallback, that the 
experimentally measured, but purged and therefore non
representati ve gas compositions and generation rates are "bounding" 
and therefore usable for purposes of Performance Assessment (PA) . 
Gas production rates and potentials from microbial degradation 
mechanisms would be particularly suspect. If the only realistic 
mechanism prevented by eliminating high concentrations of flaimnable 
gases is self-poisoning (e.g. poisoning of microbial activity by 
high concentrations of H2 ) , the measured generation rates should be 
bounding. However, we cannot presently demonstrate that there are 
not "fertilizers" which, if allowed to be present in their 
undisturbed concentrations, would initiate microbial reactions 
which would not be observed in repeatedly purged bins. One 
specific "fertilizer" is water. We expect rates of microbial 
activity to be sensitive to the relative humidity within the bin. 
The internal bin relative humidity that is buffered by the as
received (sorbed) water content of the wastes remains unknown. 
Some water vapor will be removed from the bin during each purge 
cycle (refer also to the purging depletion of voes, in item #8, 
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below) ; this removal will continuously lower the relative humidity. 
Assuming that the vapor pressure of water in Ar gas is similar to 
that in air, there is a real risk that the (purged) relative 
humidity will decrease to below some critical minimum level of 
water vapor, below which microbial activity cannot occur. This 
would result in unrealistically low, •favorable• bur erroneous, 
gas-generation rates. 

Therefore, we cannot presently defend a •bounding• argument. 
The consequences or options of claiming that the experimentally 
measured rates are minima have not been evaluated in detail. 
Experimental determination of minimal gas-generation rates may be 
worthwhile,, depending on the decision making logic involved in 
WIPP performance evaluations. 

3. Inability to evaluate the gas production from ALL CH TRU 
wastes in inventory and to-be-generated, to evaluate their 
suitability for repository isolation. Suspected high-gas 
generating wastes might be precluded from acceptance, due to a lack 
of relevant test data caused by the operational purge constraints. 
Most process sludge (PS) wastes might be judged unacceptable at 
WIPP because they generate flammable gas mixtures (including 
oxygen) , mixtures that are not controllable by purging or 
minimization of the initial oxygen concentration. The precedent 
for further treatment or repository exclusion of PS and other 
suspected high-gas generating wastes could be implied or forced. 
Such wastes include more than 60 volume t of all CH TRU wastes in 
inventory: ·45 vol t HO + -15 t PS + ?t 117/217 (mixed corroding 
metals) + ??. 

With purging, data gathered would not be relevant for 
performance assessment predictive purposes. Gas data obtained from 
high-gas generating wastes would, however, be quite relevant for 
evaluating (waste type specific) safety issues during the 
operational-phase time period of the repository. Decisions on the 
repository acceptability or nonacceptability of specific wastes (by 
TRUCON content code), or decisions on the need for further waste 
treatment or reprocessing, could be based on the observed gas data 
plus supporting safety and PA evaluations. 

4. Inability to claim that the experimental (bin internal) 
oxidation potential is in any way representative of that expected 
in the long-term. The time required for equilibration of the 
oxidation potential within experimental bins remains unknown. One 
major objective of the bin tests always has been to allow the 
oxidation potential to "float• to values controlled by competing 
degradation mechanisms, after initial purging/gettering. However, 
we expect that frequent purging would make this •floating" 
impossible, with the result that the oxidation potential within the 
bins would be completely dominated by that or the purge gas. 
Purging consequences on anaerobic corrosion and microbial 
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degradation cannot be predicted; interpretations based on such data 
would not be defensible. 

5. Inability to conduct more than about four (4) bin tests 
on high-gas generating HO or PS wastes in the WIPP underground, if 
the proposed FSAR Addendum purging approach is adopted, and as 
presently constrained by the 3L/min. maximum (input) flow rate for 
the voe-manifold system. This is not a firm estimate; however, it 
indicates the extremely limited utility of the WIPP underground as 
presently constrained. 

The operational problems involved in frequent purging of any 
significant number of bins also appear to be insurmountable at 
present. For example, the presently mandated flow-rate limit of 
3L/min on the underground voe manifold system dictates a purge time 
of about 3 to 5 days (depending on waste type and initial gas 
composition), and dictates that only one bin can be purged at a 
given time. For a bin generating gas at the rates and compositions 
estimated in the WIPP FSEIS, purging would be required 
approximately every 9 to 10 days (see supporting memo by Nowak) . 
Gas production data also would be lost during the 3-5 day purge 
time of the total 12-15 day (generation + purge) cycle. 

To our knowledge, the voe-collection system, while it was 
originally intended to be able to deal with simultaneous venting 
of up to about 125 bins, has never been designed to be able to 
accommodate the volumes of total purged gases or the potentially 
high concentrations of voes that might be released as a result of 
frequent bin purging in the WIPP underground. The supporting 
calculations by Nowak give some indication of the volumes of voes 
that might be involved on a per bin basis. We must note that this 
problem is a direct impact of the No-Migration Determination. An 
engineering modification or redesign of the voe-collection system 
is called for. 

6. Inability to distinguish between general waste
degradation mechanisms (e.g. radiolysis and anaerobic corrosion), 
due to elimination of minor gases (potentially to less than 
detectable levels) by frequent purging. The long-term interactions 
that occur at high-gas concentrations, e.g., poisoning or 
(microbial) fertilization, will be prevented and not investigated. 
This interpretation by mechanism is a critical element for 
formulating long-term, gas-production predictive models, as 
required for WIPP PA purposes. 

For example, in the case of high-cellulosic wastes, the intent 
is to distinguish the amount of hydrogen generated by radiolysis 
from that generated by anaerobic corrosion. This separation is 
based on the fact that hydrogen and carbon monoxide (CO) are 
generated at a ratio of approximately 5:1 in radiolysis of 
cellulosics. If CO is eliminated by frequent purging, this 
distinction will not be possible. Minor microbial degradation 
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mechanisms could also produce gases that are 2 to 3 orders of 
magnitude smaller than the hydrogen production rate. Such gases 
would probably not be detectable in the proposed purging regime. 

7. The resulting need for a large number of additional gas 
samples, i.e, inability to decrease sampling frequencies as a 
function of time, as described in the Test Plan. A minimum of two 
or three gas samples will be required to define the gas 
compositions and kinetics of generation within the bin, before and 
after bin purging. Without this definition nQ reliable generated 
gas or voe gas mass-balance can be maintained, nor can the 
effectiveness of purging be experimentally verified (except with 
the on-line 02 monitoring). 

With the proposed FSAR approach to flammability by purging, 
evaluations of steady-state gas-generation rates would appear to 
require steady-state sampling and analyses rates. The amount of 
extra effort and expense for both increased bin gas sampling plus 
analyses and frequent purging would be negatively balanced with 
resulting gas data that would be essentially uninterpretible due 
to the sampling, purging and potential nonhomogeneous gas-mixing 
complexities. 

8. Elimination of the ability to investigate microbial 
degradation of voes in a realistically simulated repository 
environment. As noted in the Rationale Report, WIPP compliance 
with RCRA (40 CFR 268) will require demonstration that: A) voes 
will not leave the WIPP repository at all; b) voe concentrations, 
as they leave the repository, are below health-based standards; or 
c) voe concentrations will be degraded microbially or by some other 
mechanism before they reach the site boundary. The proposed FSAR 
approach would eliminate the ability to investigate microbial 
degradation of voes in a realistically simulated repository 
environment. Without such demonstration, compliance with respect 
to 40 CFR 268 may prove difficult or impossible . 

Calculations by Nowak indicate that voe concentrations could 
be flushed to essentially zero concentration after several purge 
cycles; voe data would become essentially uninterpretible, not 
useful for WIPP RCRA evaluations. 

NOTE: The only positive result of frequent purging would appear 
to be that the purging process would serve to eliminate voes and 
define a realistic voe source term for the wastes, if the 
conventional wisdom that the voe source term is "small" is 
realistic. However, the removal of voes by purging may be viewed 
as "waste treatment" by various reviewers or regulators; this is 
an activity that presumably is not allowed at the WIPP. 

c. Before any decision is made to eliminate potentially flammable 
gas compositions in the WIPP underground for purposes of bin 
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testing, the potential impacts of this decision on full-scale 
operations at the WIPP and at waste generators also nrust be 
considered carefully. 

There appears to be a significant risk that elimination of 
flammable gas mixtures for purposes of bin tests might result in 
an inability to dispose of untreated high-organic wastes and/or 
process sludges at the WIPP, given the present facility and seal 
design. Undesirable precedents also might be placed back onto 
other DOE waste generator-storage facilities because they do not 
have the ability to purge their high-gas generating wastes. 

We are aware of only verbal, undocumented arguments supporting 
the claim that the risks involved in bin tests vs. those involved 
for full-scale waste emplacement are significantly different. 
Basically, our concern is that, while the arguments (surmnarized 
below) are straightforward, they may well not be defensible before 
a critical, technical peer review such as the NAS, the Blue Ribbon 
Panel, or state regulators. Postulated arguments are: 

1. The "exposure time" for the bin tests in five years or 
more, because the rooms in which the tests will be conducted will 
not be back-filled, and experimental personnel must be present in 
the room "continuously" as a routine part of experimental 
operations. Therefore, in the absence of absolutely reliable 
administrative and/or experimental controls, potentially flammable 
gas mixture simply must be eliminated. 

2. In contrast, the "exposure time" during full-scale 
operations will be greatly reduced to six months or less, as a 
result of the fact that individual waste-emplacement rooms will be 
backfilled as waste is emplaced, with a nominal period of active 
ventilation in any given room of approximately six months. 
Therefore (the argument goes) , flanunable gas compositions, while 
not acceptable for purposes of bin tests (or, by implication, 
alcove tests), are acceptable for full-scale operations at the 
WIPP. This argument simply ignores the relative quantities (and 
risks) of wastes between limited bin-scale test emplacements and 
full-scale waste emplacement operations. 

We do not believe this argument is valid. As noted in the 
memo by Slezak and Lappin prepared in January, 1990, while 
flammable gas compositions are not expected to be generated while 
an individual waste-emplacement room is actively ventilated, such 
gas compositions may well be generated in the headspace above an 
entire waste panel within approximately three years of the nominal 
time panel-seal emplacement. Therefore, we believe, as pointed out 
in the recent "Rationale Report," that the question really boils 
down to evaluation of the timing relationship between the beginning 
of drum breaching within individual panels, the generation of a 
flammable/detonable gas composition in the panel headspace (which 
was historically assumed to occur) and the time at which panel 
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seals become effective for purposes of controlling gas 
permeabilities. 

Work is ongoing at Sandia to reduce or eliminate the time 
period between panel-seal emplacement and their effectiveness for 
gas permeability. However, to our knowledge, no changes have yet 
been implemented in the tentatively approved conceptual design. 
We believe that with the present design there ~ an expected time 
interval over which the panel seals are not expected to be 
effective. 

Therefore, we believe that, if exposed to critical outside 
review (and contrary to the conclusions reached by Slezak and 
Lappin}, we must recognize that there is a realistic potential for 
deflagration/detonation of flanunable gases within the headspace 
above backfilled wastes in an individual waste-emplacement panel, 
following panel-seal emplacement but prior to panel-seal 
effectiveness, and still during the nominal WIPP operational phase 
of 25 or 30 years. 

Until this uncertainty is resolved or eliminated, we believe 
there is a serious risk of concluding that since flammable gas 
compositions are not acceptable for purposes of bin testing, they 
are also not acceptable for purposes of full-scale WIPP operations. 

By direct analogy, a conclusion that flammable gas 
concentrations are unacceptable for purposes of bin testing might 
have unforeseen consequences on interim storage of individual waste 
drums at the waste generators. To our knowledge, flammage and even 
detonable gas compositions have been measured in the headspaces of 
unvented drums. While we understand, based on verbal information 
only, that flammable/detonable gas compositions have not been 
measured within vented drums, we are not aware of either the size 
or the quality of the data supporting this conclusion. Documented 
data does exist for flammable concentrations of gases within non
vented (sealed with permeable gasket} drums at Los Alamos and 
Savannah River; the analogy to INEL is obvious. This situation, 
very akin to the potential (non-purged} situation within test bins, 
has apparently been safely accommodated at the generator sites. 

Secondly, since approximately 125,000 of the 136,000 drurn
equivalents of waste presently existing at RFP and INEL are 
unvented, such a decision to purge at WIPP might call into direct 
question the safety of existing interim storage at these sites. 
It must be recognized that such concerns would be strongly contrary 
to the operational experience that flammable/detonable gas 
compositions, while they are KNOWN to be present (especially in the 
case of process sludges) have not represented any significant 
operational risk. 

D. In light of the fact that the proposed interpretation of the 
FSAR Addendum approach (to purge for controlling gas 
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flammability) is inconsistent with the present bin and 
instrumentation designs, except for low-gas generating wastes, 
there appear to be several alternative approaches to the 
problem of gas flammability during the bin tests and during 
full-scale operations at the WIPP. After subsequent review 
and selection of these alternatives, the project's decision 
on which course to follow must be documented clearly and 
unambiguously in the FSAR Addendum. 

As noted in the Rationale Report, the problem of gas 
flanuna.bility during full-scale operations could be obviated by 
changing or modifying the design and/or emplacement of the panel 
seals, to ensure that these seals become effective for purposes of 
gas permeability before there was any significant chance of 
flanuna.ble gas compositions developing within the panel headspace. 
This favorable assumption ~ made by Slezak and Lappin. 
Calculations by Slezak indicated that, if it was effective for 
purposes of permeability control, the simple mass of the grout 
component of the composite panel seal would eliminate any credible 
risk of mechanical displacement or rupture of the panel seal in 
response to a realistic but bounding detonation in the room 
headspace in the adjacent waste-emplacement panel. 

As specifically regards the bin tests, there appear to be 
several broad alternatives: 

1. 
possible 
proposed 
through: 

Work within the present experimental limitations and 
operational constraints at the WIPP, accepting the 

FSAR interpretation, and follow the logical consequences 

a) for purposes of long-term PA data, experiment only with 
low-gas generating wastes and/or Level II treated wastes; 

b) consider a change in container material to eliminate 
steel drums, unless laboratory results reliably indicate that 
corrosion under nhumid" conditions really i.s. near zero; 

c) carefully evaluate the overall applicability of tests for 
high-gas generating, frequently purged bins, for 
considerations of safety-related issues during the short-term 
operational phase; 

d) reconsider the "incremental compliance" approach, 
emphasizing low-organic and Level II treated wastes; and/or 

e) consider DOE system-wide reprocessing of sludges and/or 
high-organic wastes, based on the inability to conduct 
experiments with these wastes at WIPP that adequately address 
long-term PA issues. 
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The overall test program would have to be •down-sized,• to 
account for all types of high-gas generating CH TRU wastes 
eliminated from the testing scheme. The project test program 
objectives would probably need to be restated and rejustified for 
external review and regulatory agencies. 

2. Aggressively pursue both redesign the bin and associated 
instrumentation to be certifiably "inherently safe• and elimination 
of the proposed FSAR constraint for high-organic and sludge wastes. 
Our understanding is that this would be equivalent to a requirement 
that the bin and instrumentation: a) would nQt. serve as a 
potential source of ignition; and b) would survive any detonation 
which might occur within the bin. 

In order for there not to be a "hiatus• in experimentation, 
this approach requires that, by the time high-organic wastes and/or 
sludges are available for testing, both the FSAR interpretation and 
appropriate portions of the bin and related instrumentation can be 
modified to allow experimentation with high concentrations of 
potentially flammable gases. For example, one approach might 
include reducing the available free volumes within the test bins, 
to limits below which detonations could not be supported or 
propagated. Alternatively, the bin itself might be strengthened 
to withstand internal detonation, even if this did occur . 

At any rate, a first step in such an approach would be to 
evaluate the potential stored energy within any experimental bin. 
The results might indicate that there was not significant concern 
with distribution of particulates, even in the event of a fire, or 
that reduction of the free volume within the bin might eliminate 
the chance of fire propagation. 

Again, we do !lQ.t. believe that bin, bin instrumentation, and 
voe monitoring system redesign is necessai::y for purposes of 
initiating testing with "dry" low-organic wastes. This course 
would probably permit the current schedule for the ISC, ORR, and 
first waste receipt (for very limited quantities of wastes) at WIPP 
to remain undisturbed. However, we ~ believe that a thorough 
redesign of the bin and related instrumentation, with the major 
objective of being able to deal with potentially flanunable gas 
compositions is in order, and should receive relatively high 
priority as soon as possible. This redesign could acceptably 
follow the current schedule for the ORR. 

3. Complete a realistic probabilistic risk assessment, 
including the risks due to potentially flammable bins and related 
accidents. This approach would explicitly require that the 
estimated consequences and frequencies of the assumed accidents be 
evaluated. Further strict administrative controls for safe WIPP 
test conduct should also be instituted. The results of such a 
study plus controls might be that the risks were deemed to be 
acceptable. 
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4. Consider the DOB system options for further waste 
treatment or reprocessing for high-gas generating wastes, as 
proposed by the Engineering Alternatives Task Force (BATF). 

We f irrnly believe that the bin-scale test program can be 
optimized further so that the quantity and quality of resultant 
data are maintained at defensible levels while the perceived levels 
of operational safety are still acceptably high. We look forward 
to working with all site participants to achieve these goals. 

Sandia will continue to provide advice and technical 
interpretations to the WPO and DOB HQ on the course and 
consequences of the bin-scale test program, no matter which course 
of action is selected by WPO. We also are offering our assistance 
in helping to modify the (still draft) FSAR Addendum, to both 
document the selected course of action and to interpret its impacts 
on site safety. The FSAR Addendum must be clearly stated so that 
no interpretive ambiguities remain, both within the project and in 
external review groups. 
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' . 1823 - S.M. Thornberg 
1841 - P.J. Clews ' .. 1841 K.R. Zavadil -

I e 6300 - T.O. Hunter 
6340 - S.Y. Pickering 

'' 6340 - SWCF In Situ TRU 
6341 - R.C. Lincoln 

f.,ii 

6341 D.R. Brewer -
6341 - J.C. Covan .. , 
6343 - T.M. Schultheis ... 6343 - S.A . Orrell 
6343 - c. Mewhinney 

··f ,, 6345 - B.M. Butcher 
6345 - R. Beraun 
6345 - J.T. George 
6345 - F.T. Mendenhall 
6345 - L.J. Storz 

i" 6346 - J.R. Tillerson 
6346 - E.J. Nowak 

f\lf 7551 - J.W. Guthrie 
•. i 9313 - S.R. Dolce 

9313 - C.B. Kinabrew 
~·' 9325 - L.J. Keck 

9325 - R.W. Brown 
• 'f 9325 - D.C. Browne 

9325 - D.L. Fulton 'l ~ 9325 F.R. Gustke -
.. " 9325 - J.A. Johnson 

9325 - L.A. Kracko 
~" 9325 - H.C. Ogden 

6340A- A.R . Lappin .. 
6345 M.A. Molecke -

,,,,, 

• 
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Samfta National laboratories -
data: April 1'7, 1991 ENVIRONMENTAL EVALUATION GROUP 

,.;:.d-l ....... ·-· .4J,..~··~·-

subject: llnmy of•·llltbatdGi-J*ICM·of Ptcp'9DIDJ1 arl.._ ... _:;.r :u:
-~RaJ•f••••1tSfti .. 111n-9t*le twt:F~~i.~ ~ -"'2 '"'·-~~ 
-:: .-.~ a:c::tli!tI:.l.QC ·~41r·M15 ..-_:~...: . = ~t:~.L11 :.i.o.-...;l:... 

· -:--.,.,y • ~.t~~~· . ~a.~ ~-.?'•-"'rr--a .-.v --• ~t!..'f'li ai.Clr. ~~'C.lCIW 

'Dds-·11rO-·ot--kx>rd-8MI I •• "1he ps-- E *\CWJttl 1-.1 ~:. *"' 
C7JC'8l1 P°'1mtic. bptbticrw to a. WDP~.a. I =-.cw "'Di/· SMta""-Ud' 
14¥•~ ~t·-t:n::a- ptcp:Md bin ~'f\':a~ OllOJlmticrw. 
en ;a• cat0111tzatJ.c:n ~aauw! by ~ are·~ 111.s:an:.s (,..-.. 
ate)··_, ~b ,...... •. dat•-llFrll 4:f -Utt. :-._-9bc1F'd;rdticeat..-.= 
Cl-*w:w·-·uei.cau•S»-by W2'icus ~as~__. dz:Mt4·•••, k5illldla 
for-···~ -bin tests, specifically th9-1'4"P'••·•eqg.h nti..W.'p.:u4if' ... 
for gas flamnability ca1t:R4., . · · · ~~:..; ;·;..::t 3 '!;:r-._.-.._a ":'{ 

-~, .. - ~-... n. 
'lbe site-proposed FSAR interpretatiCI\ a that, for putp01• of .valu

atin:J ard O:iitrollinq fia:nrnability: a) it JlllSt be asauned that CDC}'9ln is 
present in the ~.imental bins at All times, nqardless of ant mcperi
inentally governed anaerobic bin a~: ard b) t.hat experimental bins 
JrllSt be p.lI'9ed if the cx:roentratiai of aey fiamM.ble qas within the bin 
reaches 5°' of the lower lil!\it for fia?rr.i!bility, assumirq ~ is pres
ent at arrt time. For the specific case of hydrcqen, we assune that the 
~ ard lower o::n::ent.ratian lWts for PJr9Uig are 2\ (SO\ of the lower 
lL-nit for fla.~ility: initiation of p.irgirq) ard 0.4\ (10\ of the lir.
it: en:! p:>int for p.lrgirq), respectively. For rnethane, the other JMjor 
fla."'T.\able qa.s prc:d'.Joed, the con espon:tin; limits are 2. 5\ ard o. 5\. 

In cx:mtrast, the tedmical awroach defined in both the Bin-Scale 
Test Plan ard the Test Plan Adderd.Jm has been to allow the conoe.ntntic:ns 
of potentially flar.triable gases in bath anaerobic ard (depleted OX)"9en, 
bJt still) aerc:bic bins to increase as close as possible to those cx:n:en
trations expected at lcn; t.ilres. 'Ihis specifically ueans that cxnoentn
tia\S of ~ or JnethAne JIUCh hi<:/'rer than 2. o - 2. 5' are expected. 
'Ihese qases cculd asynptatically approac::h their lcn;-tem m1p:sitiaw, 
with cx:n:::entratiaw grutar than 70\ possible. Initial gas cx:n:entratim 
va. tin calculaticns indicate that such high levels of gas (hydrogen ar 
irethane) ccnoeivably a:Wd be generated in a matter of 1!g1t.hl urde.r the 
appropriate (lcn;i-tem realistic) test o:n:Uticrw • 

~ awroach has been airatained by Sardi.a thrtu;h both the IXE 
ai:proval cycle for the Test Plan Mderdum (oaTpleted 12/90) and a later 
"ccnsist.ency check" bebMen the Test Plan Werdum Ard the draft 1s.\R 
~ (catpleted 1,191). Hcwevc', .. noted belr::M, JnDj,Qr incxrw~ 
cies in rsAR Wendum inte.rpretaticns at the •ita still ~to exist. 
In a&SitiCI\, these various inte.rpretatiaw are not, to QJ%' Jcncwled;ie, 
clearly doo.DDantad. 

we al80 nlSt note, howwer, that it hu beooue ai:parmit durin; the 
Sardi.a Internal Design Review (SitR) prooesa for the bin testa that cur 
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Y. ptV\BY OF QKclilSIQ§ . -· • . . -~ .:. ·~·r·~ .. . ·.-~-,.; 
(NOI'E: SUR:ortina details are presented later in tM:s JimD,) 

A. 

B. 

1f the FSAR acHerdl.n m.JSt be Jritarpreted to require bin PJ1'9in; at 
1/2 of the lower flamMbility limit ccncent:ratiaw of H2 ard;ar 
Qi , ~ the present bin and instrumentatic:n design will prcb
ab!y be adequate for use in experiments at the WIPP or el""'1ere, 
with ~ those types of wastes for '-'llc:h net gas~tic:n rates 
are cn the order of 0.1 noles/drunVyear (0.6 1r0les,lbirVyu.r) or 
less. '!his FSAA interpretatia'l assumes that cxygen 1IUSt be ccnsider
ed to be present at all times, even thc:u;h it is ~iJlentally 9a.1-
e.med at levels that technically preclude flllm!'.ability p::Jt.entials 
ard is ronitored frequently. Because of the p.lli3i.rq restraint, it 
a~ that only "dry" l~~c or other "l~ generatin;" 
\raStes can be tested without Jh:Xtificatia'\ to the present testirq 
plans e.nd,/or the bin ard attached in.5t.rumentatic:n. Bin-sc::ale test
~ of na;t. high-<JU ~tic:n hi~c wastes ard precess 
sludqes, to cbtain data relwant. for lcni;-tam (predictiw) WIW 
perfotinm:ll assessment. (PA) pllpQSeS, ~to be prgl\dld. 

lf the FSAA addezWm 1lll5t be intexpreted to ~ pll'CJin;, thin 
are Dlltipl• ne;ative inpacta m the intei'pretatiaw and ted1nic:al 
validity Of resu1 tant test ~ data. Gu l8Chan1stic Jnte.rpnt:a
tia-&S based en cbtained short-tam data are not nlcvant to the pt 
-cl.csure period of the repository1 any resultant PAdJ,ctic:rw vill 
not be defensible for NIPP PA p..up:ise8. Gu data vill, bcw9Yw, bl 
relevant for repository cperaticnal-safet.y .waluaticn pnp::111: 
wastes that e>ehibit unao:eptably high~ genenticn rates m'f bl 
relegated to turther IIN81-II treatnnt ar nproa!Sllin; • 

In additic:n, there may be an inability to caiduct am-a than about 
four (4) bin test8 era art/ hi~ ~tin; wast.- in tha WIPP 
urderg'rcun!, as presently ccnstra.ined by the 3I/llin. 1MXiJnJm fl.Clli 
rata for the voe-manifold 9)'5'ta. '!be voe Jla\itoring systam was not 
designed to aoxa111cdate the potentially high cc11centratiaw or wl-
1.neS of ~ to tie pttgedr aita c:atplianca with respect to 40 en 

2 ARIIK\M: FSAR PUrging Inpacta 
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1. Initiate the bin experl.Jnents at WIPP usin; cl'\l.y 1~ gm·m-at
in; lc:JJ-Crqanic ard/or tevel II treated wast..: limibld types of higb
orqanic wastes, e.9., leaded rubber waste ('m.JCXN caitent code Ul/223), 
mi¢it also be aca!pta}:)le. 1hls iq:proad\ in=orporates about 18 to 24 
waste-filled test bin.5, assumirq t.hat the prcp:sed FSAR at:Proadl ~ 
be ncdif ied. 'Ihera is a significant ri5ls. that 1IUCtl of the Phase o bin 
test prc:qI'3ltl and JT'OSt of Blases 1 ard 2 ocul.d not be rorrl\S«' for pl1""' 
poses of oollectin; data required for lcrq-tem WIPP PA, h::M!ver. 

2. 1q:Jressi vely plrS1Je ndesiqn of the bin ard relatm instrur.lent
ation, ard;or piysical constraints ard ad:"l\i.nistntive procedures, to be 
"inherently safe" for experilnents involvin; potentially fla.':!Mble f1aS 
mixtures. 'lhi.s redesic;n mJSt be a total inte;rated (i.e., WID, SNL, L"d 
WFO) ~ineerirq approad\. '!his approadl also inclu:Ses strict 
procedures for minimizi.ni CDt)'98n c:art:ent in the bins w irm.itorinq far 
oxygen fraqJently. fJlUs is the ted'v\ique doc:umente1 in the Test Plan ard 
Test Plan Mderd.D, ard ~ by tha WPO. 

3. o:mpletiCI\ of a prctebll1stic rlak assessment, W:lw2im ..u
mtad frecptneies ard cc:nsequenoms of assumed aocidant 90enal'ics. IJhia 
~cf\ 111rf or may nat need to be CXl!biz.s with mxlificaticns of the bin 
and relate irwtnlmantat.icn. 

4. Evaluate the p::ssiblliti• of 1ncrernant.al cc:mplianca auessmnt. 
and/Cir ld:ilticml treatment (reprcc:essin;) of high--9U generatin; ~ 
~c and/or pzcoess alu5ge wast. .o that they might te brcught to the 
WIPP for testin; (ard tut:ure tmplacamnt) • 

In 9U11f1UY, the prcblens an! caasecpeuces ditlQzssed lb.7.'9 raiM sig
nificant ~ about bin-sc::al• testin; er tub.ire waste enplacammat tor 
high-9u veneratJ.n;, hig:h--arganic "8Stes and process al~. 'lbe •jar 

3 ARt,/!M: FSMt PJ%9ing Il!pacta 
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ccn•~~ ,,.._-1nl1 Pll'9inl to G»tlZ\111 ~ fl• J:>Uity-9af.ty aaimu• · 
ia to l•dlrt u. n.altant data .. llpplicabl• cnly to the mhcrt-t.ma 
(earl.f""'~) ot r.pc.itar:y cprat.kln. a..ultant data Jnt:cpnt.aticnl 
vil1 tie of little \me fer a Jndictiw wx'-ltng, - cl•iMd by the Pl"'l
ect, mt W!tf not ~"'Wt!al ~ ot ·m:ti1 --·-at t:hl WIPP, fer 
p;u;pQ•••-~-4M.l~~iarter ~·AOCl'RYPR*t''L·-1111"-'d&U.Wi 
bawWJcdpt4e crit.1c:a1 in .valuatin) the ~ ttaeriw (dllcribed in 
tbl artic::nal• dcoll81t) that pctain to tba t.1- pericd bmMlft tha -.ta 
~...a.~• qt:atmd~ • •~9111M!H! 
1~~c.!c:ulaticm·aF4oomn ~·~~DO-~ aft« 
191*'itllff'deoi MAISMlenind' ~.:.:::n.;: a::A.';l:..;.·: :.:.t~izClt. ~le-..;_··. ~ ~-...,.,_ 

...en ._,, :ne·c. •!' - . -·-.::r.s1r..!I ~'·-"!.!.--''Ct ·ti"7.1Wl 1%'9 ::-:-:'\:~..,.-;r,ar.:: 

-~ l't'...m-be stat.S -~ ·t!f111 ~---~ 11&-"'~r .. tlf ~ 
~wlidl9/·"'lfd ~ot_!hiJlltM -.--~ tM!i.1 .. 
1~~. "dry" lciw-crganic 1ilUtes er l.9Y91 II tnated ~. 

1\.1rthc' details· Of~ !nli~ ~ Wd!o:a~"!~ 
the pi:esmrtly detinad bin ac:nl• tMt pu:91am are "d{...,.JSHd in th9 fol.la;: 
in; -=ti.en. -

n. SUPK2KlW trrA11S 

A. With the FSAR ~ intezpreted to nq.llre bin purqing at 1/2 of 
the lower limit of fiamnability ocn::::entraticns of H2 and/or ~4 • 
the present bin ard inst.rumentaticn design will probably be adequate 
for use in experiJrents at the WIPP or else..tiere, with a\l.y those 
types of wastes for \r'hich net qas-generaticn rates are m the order 
of 0.1 noles/dnmV year (0.6 DOlesjbiJVyear) or less. Basically, 
this level of qas qeneratioo esse."ltially permits a\l.y ndiolytic 93-5 
~ticn: this gas rate o::uld be ini ti.at.ad by aboJt 10 gr1lr.\S of 
'-9p.i per drum, aven99. Both microbial an:! anaerci:>ic corrosia\ 
processes (an:! p:Mntial synergistic interactiaw) have the poten
tial to prod\loe significantly greater aJtCUnts of gas, as measured in 
laboratory tests an1 predicted fran exist.in; lab data • 

With the purgin; restraint, the waste types "1Uch presently apu 
to remain awrq>riate for ecperilllents addressing lcnrtam PA are: 

1. "Dry" l~c (ID) vutes (1ncl.udJ..r9 the Jretal ccnta1rc 
materials) , i.e. abcut 15 RlAM o test bina of low-organic wutas to 
\libic:b acHiticnal brine is D:2t added. At present, th1a 8E{)Ul'W to be the 
~ wsta categozy \hi.ch can be t.tad withcut 8Cm ll'Cdificatim to 
pusant tq.rl.pnant and plamin;. . 

2. "Dry" 1eYel. II treated wast., i.e. thcee treated to reduce CJ&S 
qenaraticn rat. significantly (ho.wer, the theoretic:::al c;u~tic:n 
p,tentials are not reduced J7,,' wch treatmant) • ~ a::iuld Jnclude aJ:aJt 
6 HlUe O test bins of exist1n; ~ cede 114/214 (oemented incmJanic 
particulate) and possibly 126/226 (oementad 0l'9Mic prcoesa solid) 
wast. • 

3. "Wet• an! "dry" l~c wast., in t.t Hv1!leS 1, 2, an! :s. 
HcMwYc' I these test.a vculd need to be pxUfied tp fl im1.nota the znetal ccn-
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ta1Jwr ..-1a1a (win -- - mta1 *'-" fer ... ,. -·..:tat ..... , . 
-..t.• 'UGXlt'adl U7/21,_ ·(ldwt-~) -~ wu1d ._. to a. -=1\dld 
tcta'lJ'~"' !tl•• liaitat1clw are~--.. ~the p:itmt!a1 ~ 
rata ~ ~cqw1 ~ bf mwint>ic ccn.icn· of llild .-1 .... 
-wt• c:mUticlW. 9'.ia-~ Cl:IU1d pr4"dja1Jro-'11::1WS. • to. abmt B 
... .. _ _,- ----- .t- - J.at.' P::Y• .lti r• . .,._,,.... ·•ft. ••·• .. , ·--.\ ~ ..._ ... »I Wli9"" L • • -·· :..e • ....__..._ -.-· . . ...... -· ... 

"'~ ....-.• "!.:::::!"""~ .•• -3M ·r. , .s """ -ao ·..llllftX'9 .. 

~. -w.t• i.wi n ~ wst.-, in t.-t a... 1, 2, c.s 2 • ., 
..tilat.e:.d t:ctal tmt-:ldiwvin-tille?M n;:ay .usnte It ~J>ct·tllll'tnl 1 • 
dls*da•..!.CD iloth~ · ~wdl~O:lrlDflil'*' :J EF~Dl1k 8 'GI·* ti wr. +? tu 
1«uld Md..-... m2if1erHe elfefnetA._~~W¢•1 GCl1tdmr •tw!O 
(inclutillf-wire Wlh)~~~ ~ fer the nam dl9-
c:rlbed for 'Wt• 1D ~. Zluw.ticn of IStM1 wst:a a:inta1nlra tor 
t;.-t p;IIP Bid ~-.WQ\d f~ '.ltlll+adls '*EICt.........,. 

Wll!P·CF 1atimal-wata· ztar Mitlill -~--· It d t 
aion ... .tillVtlhDmlilt4:1e·-~~- •d"Wq'fl' ~ 1ila ••1 .• 
for tutura wut.e p.dr.agifta (cr-.rt1•bjJ:Jr;) ·at> thlt~it.-1 tn.c.\a'W 

. - ....... ' ...... 
sane "dxy" high-orqanic (H:>) wst.es aight ai.o: "-' aa:es~lt>l•,·~.ar

u 3 test bins of leaded rut:tm' ('IKXXJf c:cde 123/223) vut.1 thele 
wastes aI'9 tentatively expect.ad to have a low rat. of gas ganeraticn. In 
additia'l, 8aTe other "dry" high-OrgWC wastas yithc:yt the metal o::ntain
er JMterials might also be acceptable: however, this hep is cart:.ruy to 
previOJS laooratory experimental results cbtai.ned by tt:>lecl<e that in:li· 
cate that "as-received" water contents are llD%'e than sufficient to init
iate sic;nificant micrcbial activity. At t.his time, the uncertainty in 
the rate ard 9a5 cu.{XE>i ti ens of mic:rd:lial activity Ul'l3er "dry" ard 
"hood" cxn::litions is the greatest unoe.rta.inty in the evaluatiCl'l of the 
present bin testirg prc:qrmn for "dry" hi~-ozvanic, high~lulosic c:al
tent wastes. 

B. If the draft FSAR Mderdum continues to be interpreted as requirin; 
bin p.lI"qinq for flamMbility cxntrol, Jll.lltiple liJri.itatiCl'lS (to the 
original test objectives) will originate frcn the follo.drl; majar 
factors: 

1. Inability to claim that CJU eutp:ASitiaw ireasur..s durin; the 
e>eperirienta are representative of those ~ un:Ser realt.t.ic, lcn;
term rep::sitary cc:rditi.c:ns, .. justified in the '.t9st Plan. !ha requind 
ramtier of bin pl1'9M for wastes that generate vases at high rates "'1CUld 
catpletaly el.illlinate the pres121t cbjecti.w of bavin; gas c:a1p:siti.cn in 
the bin t.-t.a ~ch or abul.ata thcae cxpectm' under lcn;-tam rep::si• 
t.ary ccnUti.cm. J\meut:.r, the lcn;-tem gu ca1poaiticrw vil1 ~
ic:ally ~c:h the integrated CUl\XWitiC111 Of the gases genented/nl.W• 
.s by the w..st.. 'DleSe catp»iticn are actually approedm m rapid
ly u a result of bin yentirQ (refer to~ J11E1DO by NowaJc far calc
ulaticrw), bit '1CUJ.d not be ~ at all in the 9'JW'lt of tnq.wit 
bin p.zrqin;. 

'lhe gas ca10eJrtrati.c:r-. in~ bins cxW.d never~ Mlf-lim
itin; cx:noentntiaw, i.e., ccnoent:.ntiaw potentially capable of eithll" 
poi..lcn1Jl1, c::atalyzin;, ar fertilizin; other' reactiaw and/er 1rrt:.enc-
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'nlerefore, we cannot presently de!erd a "l::o.ln::lirq" a.rqur.ent. '!be 
cx:nsequenoes ar cpt.icm of clailr.iJ-9 that the experi.Jrentally ireas-.lrt!ld 
rat.es are minima have not been evaluated in detail. Dcperir.ental deter
minaticn of Jr\ini"'li!l qas~ticr> rates my be 'a!Ortl"M\ile, depen:lirq Cl\ 
the decisicn Jrakirq lo;ic involved in WIPP perfonranc::e evaluaticns. 

3. Inability to evaluate the qa.s prcdlJctiai fran AIL at 'l'H1 wastes 
in inventory ard t:o-te-generated, to evaluate their suitability far repca
itoxy isolatiai. Suspected high~ genenting wastes might tie prec:lU:S.S 
frm acceptance, due to a lack of relevant test data caused ti)' the qma
ticnal pttge cxnstrainta. M:st process sl\d;ie (PS) wutM might be jud;
ed 11»meptAAl• at WIPR because they generate fianmable gas ~ (in
cludin; CDC)"9C') , .wctur. that are not cart:rollable by pqinJ ar ldniai
zatic:m ct the initial CllCY'9C' ccnoantraticn. 1ba pr9'edest far turthC" 
t:reat:2nm1t ar rtpC19itoty excl.usiCl'l of PS and other SlSp8Cted hi~ ~ 
erat.in;i wast.- cculd tie hplied ar farca!. Such vast. incl\de m thin 
60 volume ' of all at '1KJ waste. in iJT..rwitary: • •5 w1 • JI) + •15 ' JIS 
+ ,, 1111211 (aixed corrcxUn;i JDBtal.a) + n. · 

With pqin;, data qathered wculcS not be nl.want far perfonmm 
assessmant pndic:tive plipOS&I. Gu data cbtainaS frm hi9h-9u genent
i:IJ wastes wculd, ~. be ~te relwant far wal.uat.in; (waste type 
specific) safety is-sues duri:IJ the q:ieratic:nal-iNa tiJnl paricd of tlW 
repository. Decisicn Cl'\ the repositar.f aooeptabllity er ncnacceptabll
ity of specific wastes (by 'lRJCXN cxrrt:.ent cede), or decisiaw en the r..s 
far further wasta treatlnent ar nprooesain;, calld be bued en the ctsezv
ed gas data plm ~rtini safety and PA evaluaticm. 

6 MIIK\M: FSAR J!Ur91n; Il!pacta 
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· 4~ -DUntt:y to ·cl•ba" t2Jat t2W ~(bin hattrmal) adda
tiCl'l potmt.1a1 la in q ~ iwpt 1 altative of ~ ~ in tha knJ
tam. 'It.a tJm ncp1ild. tbr ~il:ntJ.cn of the" oddaticn p:antia1 
within .pc-Jwntal binl nllll1m un1cno.1n. a. · ... ectiw of tt. b1ri 
t.U always bu ,__ - the Cld.daticl\' &. t:O.... • 
valUlis cdltroll..t' ~.· .' . ' ·.uw.·~ 

~~-- . : IWt1i 
·- ..... ~, . in th*. Q .. • . • -------·-

in;r ·~-=-- til anaercbic oonm1c:n mS a1crcb1a1 ~ mmct 
be pr9dicted1 ~ticrw. b.IMd Cl'l ~data~ - .... t.a ... ~ .. ibl~. _. . .,~ - -....~..- .. ~ ........ .-- ~ ~ .e ~ - -~'.l.:.:-a 

, •• ..,.,. ..,.,,...ili -~-. ... ·~ ~ . ... .·• ~ 

-.pi~if w.• . . ?: .·. .:_ . . .. 
~ '~-~JOt~_. .. J; n ~n,",(j'·~· ~.~a. · ~~o~a-. 
'!his is not a fin! estiniatl'f'hcw.v.r, it !nil~' the"'tixtninlly21-
utility Of the WIPP ~ as presently ~. 

'Ihe cperaticnal prd:>lems involved in freqJant p.Ji'tiin; of arrt si9nif1-
cant nmbe:' of bins also a.wear to be insuJ:Dolntabl• at present. For ex
mtl'le, t.he presently Jna.Tdated fiCN-nte lllnit of 31/!IUn Cl'l the under
qro.zrd voe manifold system dictates a p.irqe tiJna of about 3 to 5 days 
cdeperdin; cn waste type am initial qas oa1p::15ition), and dictates that 
cruy a-.e bin can be PJI"9ed at a given time. For a bin generatirg gas at 
the rat.es and ca.p::is i tions estimated in the WIPP fSEIS, pll"Qirg '"'9\J.l d be 
required awroxir.ately every 9 to 10 davs (see 51JR=10rti.ng ~ by Nowak). 
Gas prcduction data also wcold be lost durin; the 3-S day p.ll'ge tine of 
the total 12-15 day (qeneration + p..u:ve) cycle. 

To OJr >cncwled;e, the Vt'C-ccllectioo system, Vdle it vu originally 
irit.erded to be able to deal with simll taneo..is vent.in; of up to al:o..1t 125 
bins, has ~ been designed to be able to aaxamodata the volumes of 
total pll"9ed gases er the p::¢entially high CQ')Oel'Jt.nticns of voca that 
might be released as a result of frequent bin PJ%'9in1 in the WIPP urmr
qro.zn:i. 1be Sl.'IWOrtin; calculati~ by Ncwak cJive llan9 iniication of the 
vol\mleS of voas that might be involved on a per bin buia. We JIL1St ncta 
that this prcblm is a sUrect; bpact of the No-Migraticn Detendnaticn. 
An erq~ lalificaticn or redesign of the ~lltet.ion systa is 
called tcr. 

'· Inability to ~ between general ~ticn -=:h
anisnll <•·9· radiolysis and anaerc:bic corrcsiCl'l), due to elindnaticn of 
minor gases (potentially to less than detectable 19Y9ls) by frequent pzrg
inJ. '1he lcn;-t.erm interactiaw that occur at higtH;u ca1c11ntratic:n, 
•·9., poi.8cni.n; ar (micrcbial) fertilizaticn, vill be pnventad an:! not 
imestigat.s. 'DU.s interpretaticn by inedlan1.sm ia a c:rl tical. alment fer 
forrrulatin; lcn;-t.erm, gas-prcductiCl'l predictive m:Sela, u requind far 
WIPP PA p.lI'POMS• 

Far exmtple, in the case of high~llulosic vast., the int:ant. is to 
distirqlish the l1IQ.1nt of h)"drogen genented by radiolysis fran that CJllr'"' 
erata:S by anaerobic corrosiCl'l. '1h1s aeparatiCl'l ia based en the fact that 

7 MI,IK\M: 1SAR P\qinq Ilrpac:t.a 
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With the ptqlO&ed FSAR approach to flmbility by plrCJin;, 9Yalua
ticn of steady-state 9U~tiCl'l ntM would awur to nqulre steady 
-stat.a sanplinr; and analyses nt.. 'lhe UDJnt of llXt1:a effart and ex
pense for both increased bin caas sanplirq plus analyses am'~~ 
ing wc:uld be negatively balanoad with result.in; CJU data that waild be 
essentially urWrt:.erpretible due to the Nnpl~ I purqirq and potential 
ncrilarcqe.neoJS qa.s-m.ixirq carplex.i ties. 

8. ElWnatiCl'l of the ability to investiqate m.ic:rcbial de9J:adat1CI\ 
of VtXs in a realistically sim.llated repository environment. As noted in 
the P.aticnale Report, WIPP cxr.pliaroe with RCP>. (40 era 268) will l'9q\lire 
der.onstratiCI\ that: a) voes will not leave the WIPP repository at all: 
b) voe c::onoentntic:rlS, as they leave the repository, are below health
bascd st:.ardaliis; or c) VO: oonoentnticns will be dEqnded micrct>ially 
or ti)' scr.e other ~ before they reach the site bo.lrdary. '1he pro
posed FS>.R ai:proach wo..i.ld eliminate the ability to investigate microbial 
deq.radaticn of VCOs in a realistically siJTul.ated repository emi..ranent • 
Withcut such dena\stntiCl'l, a::mplim with respect to 40 a'R 268 my 
prove diff ic:ult or ilrpossible. 

ouc:ulatia'S by Nowak indicate that voe ccn:antraticn cculd be 
flushed to essentially zero ca ICIB'l1traticn aft.er INMtnl PJii9 cycl•: 
voe data wtW.d bec:x:a•e essentially uninterpretible, not waetul for WIPP 
~....aluaticn. 

H:1m: 'JM Cl'ily positive result of frequent pugin; Wt:Wd 8ffl8U' to be 
that the PJl"9inJ prooesa wculd serve to eliminate vca and define a nai
istic voe 80lrCa tam for tt. wastes, if the ccnventiaial vi.sea that t:ba 
voe llOUl"Ce tam is "mall• is rea11-tic. JbMY9r', the rem:wai of \100I ~ 
PlI9i1'9 ay be viewed u "waste treatment" by varic:m rwiewera ar rei;ula
tcn; this is an activity that presumably is not allowed at the WIPP. 

c. Before artf decisia\ is made to eliminate potentially fimmiabl• tJBS 
carpositicm in the WIPP ~ for p.uposes of bin testin;, 
the potential il!pacta of this decisia\ en Ml-scale cperaticns at 
the WIPP and at waste generators also a1S't be ccnsidend canM.ly • 

• 
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Dim• llP"Ta to ... 1119nifimnt riM ttat 8lill1mt.1c:m of fleimhl• 
CJ8i9 111.xbzrM fer pnp: Ill of bin bstl ~ ~t in an inlbilJ.ty to 
di91-=- of \llb:•ted ~ w.st..,an5,ICIC' ptCCW 91.ud;ls at ttJI 
WIPP, CJiwn the pixalt lacillty ard 8!M1 deei9'f. tb:s.inble preoe,.ltl 
al.9o ~be plaoecS·bedt c:iitro"btf..r l!E ~ ~ fae1lt--=---=--~,~~~ ~~-i~~~, Jf'~,--~ ..... 

·•lJJsl ~~~ T" ....... ,,. .... -.~-- .'#:'tt:1! 

.. are awan of ml.y WJtel, \rdoc:m8ntad ~ ~ u. 
clata that the n.>ca invol~ in bin t.-ts w. ~ inYal.YaS fer Ml
ecal• ~te 1 .,.i.c .. ac~~1c:antl:f'_4Uf«tt1t:ec.·..,.!;:"L~"U 
cm:n 11 u.i, "1!1• tbs·~ c~ ~=1ra·~ ~· · ~ , 
t.M'/· VlllY wl,1 llOt be dif....sJall. betcn ., crftJm1~ •'tik:firli&l ~Wfflt 
ax:tr·u ·u. RM, t:M 11.1~--~·.· ·w·St&d Hdn!lttifi.· 1~ ~ an· · - -- ""·· · Jfr-.a:i ~.i..:. - ,·!fl. -:-m--OTU'.t;.~ •:xal:'J4P 

:: "~ ·~ tll ~;, -~..,_ -:- • -~C""JS ';i+.:';'>.rpr-et°..;.rr..l~ ..JX c.l9'· r!'r'att f'SMt ~ 
1~· ·ti •eq:iosun-·tllr'· for tha-b!n~yiihi-9~ 

because tha roans 1n Wic:h the testa will be cx:n.b::ted will not be tec:t
filled, anS experiJTental per&en18l nJSt be pre• 11 rt 1n tha nxa •CICl'1t.im
o.isly" as a rcutine part of experimental cperaticns. 'lber.fcn, in t!w 
absenOe of absol.ut.ely reliable administrative ~or ~ cr:n
trols, potentially flamnable gas mixtures •bply D15t be eliminated. 

2. In cxrrtrast, the "~ time" during full-scale q:eraticns 
will be greatly reduced, to six Jra'1ths or less, as a result of the fact 
that in:Uvidual waste-enplaoer.ent roans will be backfilled as waste ism
plaoed, with a rauina1 peric:d of active ventilatiCl'l in a:rrt given roan of 
awroxilnately six m::nths. 'Ihere!ore (the ~ caoes> flar.rnable CJaS 
m .;;x:isi tia'\S, ...ru.l e not acoeptable for plilXllSeS of bin tests (or, by ir.p-
1 icatiCl'l, alcove tests), are ao::eptable for tull-scale operatia'lS at the 
WIPP. '1h.is arqurne.nt s~ly ignores the relative quantities (and risks) 
of wast.es between limited bin-scale test eq:ilacemerrt:.s ard tull-scale 
'to'aSt.e E'J!l'laoene.nt q:ieratia15. 

We do not believe this ~ is valic!. As nated in the ..., 17J 
Slezak anS tawin prepared in JanJart, 19~0, VUle fiUIMble gas a:atp:si• 
ticns are not e>epee:ted to be generated \lldle an individual wa.ste-enplace
irent roan is actively ventilated, such qu CCiip»itiaw my wll be gentt'
at.ed in the headspaoe abaY9 an entiq waste panel within ~tely 
three years of tha nanina1 t.iJna of panel-seal enplaommt. 'Jherefare, w 
believe, u poillted cut in the recent ~ticnll.e Rapart, • that the Cf*• 
ticm really boils dc:iwn to ...aluatiCl'l of the t.bd.ntJ relaticnship ~ 
the beqiminq of drum bread'Un; within inlividual ~. the ~ticn 
of a fiamnable/cSetalabl• gas CCll\'OlitiCl'l in the panel beadspaoe ~ 
WU hiJltorically MSU1T9d to occur) an4 the time at \thlch panel wl.I 
becarA 1tfectiyl for pnpcs• of casttullin; g:u peneabiliti•. 

Worlt is crqoirq at Sandia to reduce er elhW\ata the tm perlcd bl
t.iem'l panel-seal 91JPlaoemant anS their effectiveness for gas penneabili
ty. However, to cur Jcncwledge, no c:fw9S have yet been bplemnt..d in 
the tentatively &WIVJed cxn:ieptual design. We believe that with thl 
pre.sent design there ii an expected tt. intcval OYC" \iihlch the panel 
seals are not ~ to be effective. 

t 



·-1111- -- -

,,---- .. 
I'~ •• 

',._ 

' . 
''' 

' .. 

'' 

. ' 

l ' 

' " 

----- - ------- ---------- ·----· 

.arll'ltll"th!a ~~t.-neol.Wlf"-oe:.~~··156 
111-a-ilaricm 11.tlk of ccnCl~·a!ndi'"ftiilalble·tu ~._. 
nat ~· tor PJlllC•• of bin ~. tbll1 U9 a1eo not ~ far pnpc1ii ot tull-«:el.-WIFP"~.-·.;..._'l:i .·..wv: ·~~ • .::.a .*11:), 
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By-4fftet -~.-··· OCl~~l&-~t.:~itmii are ~··f'or'~iti.!." . . . i oiB1# 
~·en interlJI ~ of 1ndivi&al 1ilUte dr\19 at the wute 911 ....... 
tars. To cur Jcncwl~, flmbl• ard ~ d9t.awble vas 0111miticlnl 
have bem'l wsured in the head.spaoes ot unvcrt:ed dnm9. MU.law \l'ldllr
stand, ~an vert:a1 infon'lltian anly, that fimmiable/detcNbl.• gu a:n
posi ticn1 have net been 1DeASUr9d with.in vented druml, w an not aware of 
either the size or the cpality of the data supportin; this ccn:lusiCl'l. 
Doo.mented data does exist for fiarmMble ~tic:ns of gases within 
non-vented (sea.led with perneable CJaS)<et) d.n.ma at tea Alum and Savan
Mh River; the analo;y to INEL is d:wicm. 'Ibis •it:uatiCl'l, very akin 
to the p:7tential (~) sit.uaticn within tA!!St bins, has ~Y 
been safely ao;:x:a111.odated at the gene.rater sites. 

Sea:nily, &ince awrox.imstely 125,000 of the 136,000 ~va
le.nts of waste presently existirg at RFP ard ~ are unvented, such a 
decisiCI'\ to ~ at WIPP mic;ht call into direct q.JeStion the safety of 
exi.stirg interim stora9e at these sites. It nust be reo:qnized that ~ 
~ wculd be ~ly contrary to the qieratialal experience that 
flanr.able/detoral:>le qas o:i.p:sitions, Wile they are ~ to be preserit 
(especially in the case of process slOOcJe:s) have not represented IIrt sig
nificant cperaticral risk. 

D. In light of the fact that the prcposed intexpret.aticn of the JSAR-
16Sendum approadl (to PJl.'99 for caitrollin; pa tlannability) is 
inocnsi..stclt with the pusmlt bin and instzunant:aticn designs, a
capt for 1CM-9U generatirq wastes, there 8R'MZ to be MVenl altc
native &wroadles to the prd>lm of CJaS flanrnabllity ~the bin 
tMta anS durin; fUll-scale cpentiaw at the WIPP. Aftc' UH 
quent rwiw an! Nlecticn of these altematiV99, the project'• 
decl.9icn an 1-hlc:h ccurse to follaw mat be doomentad clearly and 
unmibigucusly in the FSAR ~ 

As ncrtad in the ~tialll• Rap:rrt, the prcblm of 989 flammbility 
durinq tul.1-ecal• operatiaw could be cbv1at..s l:7J charqin; ar JICdi.tyin; 
the desi9ft and,lar errplacenesit of the pan9l Mills, to m that these 
seal• became effective far pirposes of caas pen.ability betm there \U 
arrt •ignificant dwv::e of flamnabl• CJaS ca1p::witiaw devel~in; within 
the panel headspece. '1his favorable assunpticn l&I nm ~ Slezak and 
tawin. cal.culatiana ~ Slezak indicate:S that, if it wu effective for 

10 ARI.,IM.'.M: 1SAR PU:qin; I:npac:ta 
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2. Aggressively p..irsue tot:h redesign the t>in and associated inst.rl1-
mentaticrl to be certifiably "inherently safe" and eliminaticrl of the pro
pc:sed Fs.\R cx:nstraint for high-<>I9Wc and sludge wastes. Q.u: urderstan:S
in; is that this "°'1ld be equivalent to a requirement that the bin an:S 
instrurnentaticn: a) \IC:Alld Im sezw as a potential 80UrCa of igniticn: 
an:S b) ~ .urviva aey detawltian 11hich might oc:aJr within the bin. 

In order' for there not to i. a "hiatus• in ccperhantatiCl'l, this 
approach req.m. that, by the tim high-organic vast. an:t,tcr •luc:Sr;ies 
are available for test1nJ, botli the FS.\R intarprwtatiCl'l and apprqriatl 
porticrw of the bin an! related instnll'entatiCl'l can be IDlifild to allow 
e>eperilrentaticn wit.h high caarutratic:rw of potentially fimmnable pw. 
Far ex.uple, cn1 ax:proach might include nducin) the available ~vol• 
urea within thl test bins, to limits below \hi.ch deta'\ltiaw cculd not be 
~ ar prc:ptgated. Alternatively, the bin it.Mlf might be st.nn;th
C'ai to vithstard intamal detcnlticn, ~ it this did oc:aJr. 

At ant rat.a, a first step in .x:ti an approadi wcul.d be to .....iuata 
the ~ial stored wrerq'J within art/ D"priJTental bin. 'lbe nwltl 
~ irdicata that there was not •ignific:ant cc:ncam with distril:utim 
of partiQllates, ...... in the event of a fire, ar that re:Jucticn ot thl 
frM voluma within the bin 11\ight eliminate the c:Nnce of fire piopega
ticn-
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J. ~et. a l'Mli8t1c prtbbil.iatic riak -110 nt, includin; 
the riab di.ta to pX.ntJa>17. fl-'>le b!fa.,.-6 ~ acddlnta. 'Jbia. 
appicad\ tGlld tDC1>lic!tSrnifi1n tbat~ ..tsfJD't&t· aR new. Ml~ 
eprpiiw . .,...~ USU!Md~1t:.1- ....imt.s.·~.IUtt:bar-Adat..-~i
.t.xt.tive CCl'itrol.s for Af• WIPP t..t a::rdllct mhoul.d a1llo be iJWtitut.s. 
'Jhe l'U\111:s--Of ·8\JC:b, a-:-study--F].u. 4Xl'1trcla ~~ ~ 
dee:md to· be ll009ptable. - -

4. CDlSider the tX>E &)'Stam cptiais far further waste treatm:nt or 
reprooessirg far high-qas qeneratinr; wastes, as ptcposed by the Erqineer
in; Alternatives Task Fcroe (E'ATF). 

we fimly believe that the bin-sea.le test pro;ram can be cptim.ized 
turther so that the quanti 'cy a.rd qual i 'cy of resultant data are maintained 
at def ensihle levels wle the perceived levels of operaticral safety are 
still acoeptably high. We look fOI'\Jard to workin; with all site partici
pants to achleve these goals • 

san:lia will cx::intinue to provide advioe a.rd technical i.nt.erpretaticr.s 
to the WFO ard tx:>E IQ a'\ the course ard cxnsequerx::es of the bin-scale 
test program, no matter \thlcn course of actiai is selected by WFO. We 
also are offerirq cur assistanoe in helpirq to nxlity the (still draft) 
FSAR Adde.n:!Ln, to both dooJment the selected oo.ll"Se of actiai and to in
terpret its hpacts a'\ site safety. 'Jhe FSAA ~ Jlllst be clearly 
stated so that no int:.ez}>retive ubiguities remain, both within the proj
ect ard in external revifN grcq:a • 
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SUMMARY OF AFFIDAVIT OF 
SHOSEI SERATA 

Dr. Serata is the President of Serata Geomechanics, a 

research and consulting firm in the field of geomechanics and 

problems of mine stability. 

Dr. Serata testifies that the design of the WIPP storage 

area disregards principles of geomechanics and is inherently 

unstable. There is a present risk that the roof of Room 1, Panel 

1 will collapse. It is highly inadvisable to introduce 

radioactive waste into that room because of the risk that the 

waste may become non-retrievable. The risks of personal injury, 

radioactivity contamination, and other damage are grave and 

imminent. (~ 2) . 

In 1979 Dr. Serata was retained by the DOE's design 

contractor for the WIPP, and he advised the DOE that it would 

encounter serious problems if stress control methods were not 

used at the WIPP. The DOE instead adopted a traditional and 

nonscientific design, and Dr. Serata resigned. (~~ 14-17). 

Room 1, Panel 1 is already in a state of progressive 

failure, demonstrating acceleration of closure, and will collapse 

in the near future. The proposed supplemental support system can 

do little to prevent the failure of the room. Acceleration is a 

clear danger signal and portends the failure of Room 1, Panel 1 

in the near future. Activities should not take place in that 

room. (~~ 20-26). 

The supplemental support system will not significantly 

postpone the failure of the roof of Room 1, Panel 1. The 
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overlying salt formation in which the bolts are anchored is 

failing. The design assumes that the system need only bear the 

weight of the 2.12 meter roof formation, ignoring the major role 

of lateral stresses, which are the real cause of failure. 

Bolting will only accelerate the failure of deeper formations. 

The designers assume only 1/2 11 per year of lateral movement, but 

the data show more movement than that. The designers' computer 

model does not include brittle fracturing behavior, which is the 

main mechanism of the present roof failure. (~~ 27-31). 

Equipment access height required for Room 1, Panel 1 is 

almost certain to be lost in a very short time, by reason of room 

closure. (~ 34). 

Further, there is no warning system that will provide six 

months of safe access after a decision to retrieve waste. The 

DOE apparently disregards acceleration of closure. In the 

absence of another scientifically supported method of identifying 

forthcoming roof failure, to emplace radioactive waste in the 

room is irresponsible. (~~ 32-33). 

If waste is emplaced in Room 1, Panel 1, there is a high 

probability that it will become non-retrievable in a matter of 

months through lack of access, acceleration and closing of the 

room, or a major roof fall. ( ~ 3 5) • 
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AFFIDAVIT OF SHOSEI SERATA 

Shosei Serata under penalty of perjury states as follows: 

1 • I am the President of Serata Geomechanics, Inc. ( SGI ) , of Richm:::>nd, 

California, which is a research and consulting firm in the field of 

geomechanics and problems of mine stability. 

2. I make this affidavit to show the court that the design of the 

Waste Isolation Pilot Plant ("WIPP") waste storage area disregards 

principles of geomechanics and is, for that reason, inherently unstable. 

There is a present risk that the roof of Room 1, of Panel 1, where tests 

are planned with radioactive waste, will collapse. In these circumstances 

it is highly inadvisable to introduce radioactive waste into that room, 

because of the risk that the waste may become non-retrievable. The risks 

of personal injury, radioactivity contamination, and other damage are grave 

and imninent for the following reasons: 

a. Misunderstanding of basic mechanism of the roof failure 

b. Lack of awareness of large lateral stresses already destroying 

c. 

d. 

e. 

the salt formations above the proposed anchor elevation 

Inadequacy of the proposed support system 

Irrminence of roof fall in the near future in spite of the proposed 

roof support 

Cover-up of acceleration of ground deterioration by the roof 

support system, resulting in sudden massive roof collapse. 

3. First, I discuss my personal qualifications. I received a degree 

as M.S. in Civil Engineering, Structural Design, from Kyoto University in 

Japan in 1952. I came to the United States and received a degree as M.S. 

in Sanitary Engineering from the University of California at Berkeley in 
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1956. In 1959 I received my doctorate degree in Civil Engineering with a 

minor in Nuclear Physics from the University of Texas at Austin. 

4. I investigated the feasibility of nuclear waste storage in 

underground salt openings by conducting laboratory testing of salt, 

underground measurement of salt openings, and theoretical analysis of 

opening stability with funding from the Atomic Energy Comnission at the 

University of Texas, Austin, from 1956 to 1959. Based on results of this 

research, I wrote my Ph.D. dissertation on "Development of Design 

Principles for Disposal of Reactor Fuel Waste into Underground Salt 

Cavities" in 1959. I consulted for the Atomic Energy Comnission in design 

and experiments for the nuclear waste storage nock-up test in a Kansas salt 

mine from 1959 to 1962. 

5. In 1959 through 1966 I was an Assistant Professor and Associate 

Professor in the Department of Civil Engineering at Michigan State 

University. There I originated graduate programs in rock mechanics and 

nuclear engineering. I also conducted an active consulting practice in the 

field of rock mechanics, principally to the mining industry. 

6. In 1966 I founded the firm of Serata Geomechanics, Inc. to conduct 

my research and consulting practice specializing in quantification of 

underground work by field adaptation of corrputer m:xieling and in situ 

measurements. 

7. In 1968 through 1971 I taught as Lecturer in Geotechnical 

Engineering at the University of California at Berkeley. 

8. In 1969-70 I taught rock mechanics at Stanford University as 

Visiting Professor in the Department of Mineral Engineering. 

9. In the 1960s I developed, validated, and successfully irrplemented a 

2 
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scientific and quantitative solution to underground mine stability 

questions which has come to be referred to as the stress control meth<Xl. 

This meth<Xl was originally brought into use in the Saskatchewan potash 

industry and successfully saved many mines from collapse. The bases of the 

meth<Xl include (a) actual in situ measurement of stress state and material 

properties at the location of the problem, (b) time-dependent monitoring of 
,,, 

ground deformation, and (c) construction of a site-specific computer model ,, 
for design analysis by closely simulating the actual ground condition using 

'' 
,, the data from the field measurements. The corrputer program thus developed 

if'"" takes into account all of the following seven major behavioral corrponents 

of the ground: elasticity, viscoelasticity, viscoplasticity, volume 

expansion, thermal expansion, brittle-ductile failure, and time-dependent 

strength deterioration. The simulation of brittle-ductile ground failure 

is made possible by this uniquely site-specific calibrated model of the 
I' 

. . ground • 

' ' 
10. Using such analytical techniques, we developed underground mine 

designs which resolve the problems of ground failure conmonly encountered 

in underground mining. In brief, our designs typically avoid the use of 

. " massive pillars between rooms, which tend merely to concentrate underground 
l.' 

stress to the roof and floor of adjacent rooms. Instead, our designs . " 
utilize yield (slender flexible) pillars to form a protective stress 

,,,, envelope which surrounds an entire group of rooms separated by the yield 

pillars. The stress envelope protects all the rooms inside the envelope, 

making them permanently stable. Solid abutment pillars are provided on 

both sides of the envelope to support it. The dimensions of the panel of 

rooms inside the stress envelope are determined mainly by the economics of 

3 
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excavation and the scheme of utilization. All the loading is absorbed by 

the protective stress envelope, which acts like a stress arch extending 

from one abutment to the other. 

11 . The stress control method is the subject of one expired patent and 

three patent applications. 

12. I have specific experience in applying these methods in 

underground operations involving salt and evaporite deposits. Instances 

are as follows: 

a. In 1959-1964, working and consulting for the Atomic Energy 

Corrmission, I conducted field and lalJoratory tests in salt beds 

and domes, as possible locations for radioactive waste disposal in 

Texas and Kansas. 

b. In 1963 through 1972 I performed mine design, surface subsidence 

c. 

d. 

e . 

analysis, flood recovery, and earthquake response studies for the 

Saskatchewan crown corporation (Potash Corporation of 

Saskatchewan) for their operations at Cory, Allan, Lanigan, and 

Rocanville mines, all in Saskatchewan. 

From 1962 to date, I have been serving the private potash mines in 

Saskatchewan, including International Minerals and Chemical Corp., 

Central Canada Potash, and Cominco Fertilizers for irrprovement of 

their underground design and operation • 

From 1971 to date I have been conducting cavern design analysis 

and field studies of various operations of underground cavern 

storage in salt formations in Alberta, Ontario, Louisiana, Texas, 

and Brazil for Dow Chemical Co. 

In 1972-73 I designed caverns for petrochemical waste disposal in 

4 
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j . 

k. 

salt formations for Akzo Zout Chemie, N.V. in the Netherlands. 

In 1972-74 I analyzed the failing salt caverns used for natural 

gas storage and successfully redesigned them for permanently 

stable operation for Transcontinental Gas Pipeline Co. in the 

Eminence salt dome in Mississippi. 

In 1973, I analyzed the failing condition of Cayuga salt mine at 

Lansing, New York, and reconmended conversion from the 

conventional method to that of the stress control method. The 

recOl11Tlendation was later successfully carried out not only saving 

the mine from major collapse, hlt also dramatically improving 

productivity. 

In 1973 I conducted laboratory testing and corrputer rrodeling 

analysis of salt caverns which led to successful development of 

the conpressed air energy storage method for the NWK Power Co. in 

Germany. 

In 1973-82 I designed caverns in the Napoleonville salt dome in 

Louisiana for Shell Oil Development Co. 

From 1973 to date I have been conducting corrputer simulation 

analysis and field stress measurement for development of criteria 

for design of underground cavern fields for the Solution Mining 

Research Institute (international trade organization of the 

industry). 

In 1974 I designed Europe's first natural gas storage cavern in an 

underground salt dome for Ruhrgas A.G., Germany, by utilizing the 

finite element corrputer rrodeling technique . 

1. In 1976-82 I did cavern analysis and design criteria development 

5 



,, . 

f'11' 

i ',, 

j • 

··~ 

I',. 

t;;d 

,.,. 

I" 

. ,, 

a corrpressed air energy storage project for General Electric 

( U.S. ) , which was followed by corrputer software development 

for design of salt caverns used for compressed air energy storage 

for the Department of Energy (1978-82). 

m. In 1976-82 I conducted material testing and computer m::xieling 

analysis for design, construction, and operation of the nation's 

first oil storage terminal in a salt done for the Louisiana 

Offshore Oil Port (LOOP) in Clovelly, Louisiana. 

n. 

o. 

p. 

q. 

From 1977 to the present, I have continued comprehensive studies 

hlilding the computer m::xiel of the mining ground of Sif to Canada 

Inc. and converting the failing salt mine to successful operation 

of the stress control method of mining. The studies are still 

continuing for further irrprovement of the mining method. 

In 1970-88 I adapted the stress control method of mining to 

multiple levels of salt and potash mining for the Lanigan Division 

of PCS, Seleine mine (Crown Corp. of Quebec), Diamond Crystal Salt 

of Louisiana, and Cargill mine of Louisiana. 

In 1986-88 I constructed a corrputer m::xiel of the cavern field used 

for storage of LPG in the Barbers Hill salt dome for Warren 

Petroleum Co. of Texas (a subsidiary of Chevron Oil Co. ) , and 

analyzed for long-term future stability which was validated by the 

surface subsidence measurements. 

In 1986-88 I developed a method of measurement and constructed the 

required instruments and carried out in situ measurements of the 

lateral stress field in the salt b:rls and surrounding strata in 

the Michigan salt basin at the Sifto Goderich (Ontario) mine at a 
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depth of 1800 ft for the Solution Mining Research Institute, 

detecting the presence of large lateral tectonic stress much 

greater than that of the geostatic state. 

From 1986 to the present I conducted cooputer model analysis of 

long-term stability of the large cavern field and designed 

permanently stable caverns for the first U.S. coopressed air 

energy storage (CAES) project for the Electric Power Research 

Institute (EPRI) at the Mcintosh salt dome (Alabama). I further 

designed, constructed, and installed a surface subsidence 

monitoring system for validation of the design in sit~. 

From 1989 to date I have developed a stress control method of 

designing salt dome cavern fields for optimum utilization of deep 

salt domes at depths below 5000 ft for the Louisiana Land and 

Exploration Co. 

In 1990-91 I analyzed and designed the expansion of a solution 

cavern field in the Michigan salt basin at Detroit for Marathon 

Oil Co. 

13. I have written more than 50 scientific papers for professional 

journals and conferences. My resume and a list of publications are 

attached. 

14. I have specific experience concerning the WIPP. In 1979 Bechtel 

Corporation ("Bechtel") entered into a contract to design the WIPP 

repository. Bechtel in turn retained Serata Geomechanics, Inc. as a 

consultant in matters of geomechanics and underground opening design. To 

analyze the issues of room stability I constructed a computer model of the 

behavior of the Salado formation salt beds, in which the WIPP underground 
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rooms were to be mined. Using that mcxiel, I designed a four-room entry 

system which I calculated to assure its stability for an infinite period of 

tilre, much more than 100 years. Such stability was considered desirable 

because for an extended period it would permit the waste to be retrieved 

after enplacement, in the event a preferable ll'ethod of disposal were 

developed or any other unforeseen developments. 

15. The DOE initially appeared receptive to my proposed design for the 

WIPF. The DOE accepted some of my suggestions, such as mcxiifying the 

facility horizon to the present level to avoid an overlying clay seam. 

16. I cautioned the DOE in 1979 that it would encounter serious 

problems if the stress control ll'ethod were not used at the WIPF. I advised 

the DOE that it should use our corrputer mcxieling concept of the brittle

ductile duality of behavior of geological material in general and rock salt 

in particular, rut to my knowledge it has not done so. 

17. However, I failed to convince the DOE or Bechtel to adopt stress 

control ll'ethods for the design of the WIPP rooms. The DOE adopted instead 

a design enploying massive (100 foot) pillars and a low (25%) extraction 

ratio. This traditional design is based on rules of thumb and mathematical 

idealization which defy scientific observation made in salt openings. I 

disapproved of this design. I was given the choice of either agreeing to 

the use of traditional mine design, which I believed would cause recurrent 

instability, or resigning the consultancy. I chose to resign. 

18. I have now been retained as a consultant by the State of New 

Mexico to review the room instability problems which have been encountered 

at the WIPP. 

19. In this current assignll'ent I have reviewed (a) the Report of the 

8 



l • 

' . 

'"' 

Geotechnical Panel on the Effective Life of Rooms in Panel 1, OOE/WIPP 91-

023 (June 1991 ), (b) the report, Waste Isolation Pilot Plant Supplementary 

Roof Support Systems, Underground Storage Area, Room 1 , Panel 1 , OOE/WIPP 

91-9230 (August 1991), and (c) the report, Room 1, Panel 1, Supplementary 

Roof Support External Design Review ( September 1 9, 1 991 ) . 

20. From a review of these materials, it is apparent that the room 

where it is proposed to enplace the radioactive waste is already in a state 

of progressive failure, demonstrating acceleration of closure--i.e., 

accelerated convergence between the roof and the floor--and will collapse 

in the near future. It is also apparent that the proposed supplemental 

support system can do little to prevent the failure of the room. 

21 . The failure of the room takes place as follows. When an 

underground room is excavated, the opening is irrmediately subjected to 

increased tangential stresses on the boundary of the opening. The increase 

of tangential stress associated with the loss of radial stress on the 

exposed boundary produces the maximum damaging stress, that is the shear 

stress, as a result of the excavation. 

22. When the roof or floor includes weak sedimentary seams, such as 

the clay seams overlying the WIPP rooms located at the anhydrite "b" and 

anhydrite "a" layers, the concentrated tangential stresses will cause the 

strata to shear, first separately at these planes of weakness, followed by 

diagonal shearing failure. 

23. The data concerning SPDV Test Room 2 at the WIPP show that four 

years after excavation, the lateral stresses over the roof caused 

substantial shear to take place in the formation between the anhydrites "a" 

and "b", which are 2.12 and 3.91 meters above the roof, respectively 

9 
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(August 1991 report, Fig. 5.4). It is apparent that such roof failures 

have also progressed at Room 1, Panel 1, which is already in excess of five 

years old (Id. Table 5). 

24. The roof stress state and associated failure will give rise to 

buckling and fracturing of the inmediate roof formations of Room 1, Panel 

1. Similar conditions caused the massive failure of the roof of SPDV Test 

Room 1 in February 1991. That room is now totally closed to access. 

Fracturing has already been observed in the roof of Room 1, Panel 1 (August 

1 991 report at A-6, Fig. 5. 8 ) . Progressive low-angle shear fractures are 

the endproducts of the above mechanism of roof failure (Id. A-6, A-7). 

25. One indicator of forthcoming failure is a measurable acceleration 

in the rate of closure of a room. I note that SPDV Test Room 1 began to 

experience acceleration of closure in its sixth year, 1989 (August 1991 

report, Table 5). In mid-1989, all routine activities in this room were 

suspended, presumably in response to this danger sign (Id., Fig. 5. 1 ) . 

26. Room 1, Panel 1 has now shown a similar pattern of acceleration, 

with the rate of closure increasing from a rate of 3.24 inches per year to 

3 . 5 7 inches per year (measured over only nine ironths ( Id. , Fig. 5 . 1 ) . This 

is a clear danger signal and portends the failure of Room 1, Panel 1 in the 

near future. Activities should not take place in this room. 

27. I have reviewed the proposed supplemental roof support system 

described in the August 1991 report. This system will not significantly 

postpone the failure of the roof of Room 1 , Panel 1 • The support system 

relies upon rock bolts 13 feet long, which are anchored in the overlying 

salt formation between the "a" and "b" seams. In other words, the entire 

support system depends upon the stability of the overlying salt formation 

10 



'' 
• I 

'. 

' ' 

.. 
l'" 

I • 

'"' 

'"" 

of 1.79 rreter thickness. If this overlying salt fonnation is not reliable, 

the support system will not be useful. 

28. Data already show that the overlying layer is failing. There is a 

large amount of fracture defonnation being accumulated in the overlying 

forna.tion (Id., Fig. 5.4). Indeed, the figure shows that lateral noverrent 

has been detected as deep as 15 rreters above the roof of the facility (Id., 

A-6). The support system assurres that all the overlying fonnations above 

the "b" seam are corrpetent (Id. 3-2, A-10), bJ.t actually they are not 

corrpetent. 

29. The designers of the support system have also assurred that the 

principal force they must contend with is gravity, so that the system need 

only bear the weight of the 2.12 rreter roof fonnation (Id., 3-2, A-9), 

which is the stress equivalent of up to 7 psi. But this assumption ignores 

the na.jor role of lateral stresses on the order of 4000 to 6000 psi, which 

are the real cause of the failure of the roof fonnations. The effort to 

restore the integrity of the inmediate roof fonnation by bolting will only 

accelerate the failure of the deeper fonnations of the roof even beyond the 

"a" seam, as is already taking place. The result will be an acceleration 

of the roof failure extending much deeper into the roof fonnations. 

30. It is certain that the overlying salt fonnations between the "a" 

and "b" seams will be failing over all the rooms in Panel 1. The designers 

assurre that they will have to contend with only 1/2" per year of lateral 

noverrent in the roof (Id., 4-3). But the data show nore noverrent than that 

(Id., Fig. 5.4), as do observation holes (June 1991 report, Parker report). 

This lateral noverrent is caused by the large lateral stresses which are 

currently destroying the roof steadily from the inmediate to the overlying 

11 
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formations, and further above with time. The result will be additional 

downward force upon the support, resulting in the destruction of the entire 

roof support system. 

31 • The designers have predicated their support system on a corrputer 

model, which they acknowledge does not include the brittle fracturing 

behavior which is the main mechanism of the present roof failure (Id., A-4, 

A-5, A-7). A design which omits consideration of the most inportant aspect 

of rock behavior cannot succeed. 

32. The June 1991 expert panel report states that six months time is 

required to rercove waste, even in emergency conditions (June 1991 report, 

at 3-3 ) . There is no indication in the August 1991 report that warning 

systems have been developed which will provide six months of safe access 

after a decision is made to retrieve waste. The DOE apparently does not 

now choose to regard the acceleration of closure as a warning signal, 

because acceleration has been observed (August 1991 report, Table 5.1 ), rut 

the DOE nevertheless desires to introduce radioactive waste into the room. 

In these circumstances, the b..lrden is on the DOE to set forth another 

scientifically supported method of identifying forthcoming roof failure in 

Room 1 , Panel 1 , which provides six months of safe access after the danger 

signal is given. In the absence of such a method, to errplace radioactive 

waste in the room is irresponsible. 

33. The DOE's costly monitoring system is not a reliable warning 

system at all, because it consists only of a data gathering activity with 

no quantitative analysis. Consequently, no specific ideas for establishing 

an action plan or danger thresholds are indicated. Moreover, I am unaware 

of any method of predicting roof failure in Room 1, Panel 1, other than 
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time-dependent monitoring of the three basic conditions of the roof 

formations: stress state (S), material properties (p), and ground 

deformation (D), with closely following brittle-ductile corrputer model 

analysis to reliably provide six months of safe access. The current SPD 

conditions estimate-:i from the available data indicate that it is not now 

safe to introduce radioactive waste into that room. 

34. It is also clear that the equipment access height require-:i for 

Room 1, Panel 1, which is 3.45 meters (11' 4") (Id., 3-1), is almost 

certain to be lost in a very short time. The room is nominally 3.94 meters 

high (Id., Fig. 2.2), and the 18" (450 rnn) rock bolt protrusions will 

re-:iuce the available clearance to 3.49 meters. This clearance--if it truly 

exists today, given the irregularities of the WIPP rooms--will fall below 

3.45 meters rapidly by reason of room closure. 

35. If radioactive waste is introduce-:i into Room 1, Panel 1, there is 

a high probability that it will become non-retrievable in a matter of 

months because of lack of essential equipment access, or such continue-:i 

closure acceleration that the DOE itself concludes that the room is unsafe 

and must be close-:i to personnel, or a major roof fall that may cause 

personal injury or release of radioactivity and certainly will result in 

the room being close-:i to any further access. 

I declare under penalty of perjury that the foregoing is true and 

correct. Execute-:i on October 23, 1 991 . 
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EXHIBIT A 

•ERATA GEOMECHANICS, INC. 

SHOSEI SERATA, Ph.D. 

President and Principal In~estigator 

Dr. Serata, founder arrl president of Serata Geanechanics, Inc., directs the 
firm's activities in research and develcpnent of advanced techniques for 
in situ stress/property determination, solution cavern design, and under
ground mine design. He specializes in the· design of urrlerground and near
surface earth structures through the integration of three proprietary 
techniques: 1 ) instrurrent develcpnent, manufacturing, and field 
application; 2) carputer sirrulation analysis of earth structures; and 3) 
advanced lal:x:>ratory testing of carplex earth materials. 

Education 

Postdoctoral studies: 
Geophysics, california Institute of TeChnology, Pasadena, 1966 
M.vanced Nuclear Reactor Physics and Reactor Experimentation, stanf ord 

University, 1961 
Radiation Effects on Materials, University of Michigan, Ann Arbor, 1960 

Ph.D. Civil Engineering, University of Texas, Austin, 1959 
Dissertation: "Develcpnent of Design Principle for Disposal of 
Reactor Fuel Waste into Urrlerground Salt Cavities" 

M.S. Sanitary Engineering, University of California, Berkeley, 1955 

M.S. Civil Engineering, Kyoto University, Kyoto, Japan, 1952 

Professional E>Cperience 

1966- President arrl Founder, Serata Geanechanics, Inc., Richrrond, 
present California 

Directs project work on design and analysis of underground and 
near-surface earth structures; supervises lab:>ratory testing and 
finite element program developnent; directs instrument hardware/ 
software develcpnent arrl manufacturing 

1961- Principal Investigator, "stress Field in Underground Formations," 
1966 sponsored by the National Science FouOOa.tion at Michigan state 

University, Fast I.ansing 

1959- Assistant arrl Associate Professor, Dept. of Civil Engineering, 
1966 Michigan State University, Fast Lansing 

1956-
1959 

1952-
1953 

Specialized in rock mechanics, nuclear engineering, and 
instrurrentation 

Research Assistant (Acting Director ) , Reactor Fuel Waste Disposal 
project, sponsored by the Atcrnic Energy Carrnission at the 
University of Texas, Austin 

Bridge Engineer, Prefectural Government of Hiroshima, Japan . 
Designed various civil engineering structures 
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SERATA QEOMECHANICS, INC. 
Serata - 2 

Publications 

Serata, s., Sakuna, s., Kikuchi, s., an::l Mizuta, Y., 1991, '!Double Fracture 
Methcd of in situ stress measurement in brittle rock," RocJc Mechanics 
and Rock @ineering, accepted for publication. 

Serata, s., 1991, "Finite element m::rleling technique for control of surface 
subsidence over solution cavern fields," presented at spring meeting of 
Solution Mining Research Institute, .April. 

Serata, s., 1991, "Double Fracture Methcd of in situ stress measurement in 
brittle rock," prepared for Rock Mechanics-and-rock Engineering. 

Serata, s. an::l Burnap, C., 1991, "~ick measurement of roof deterioration 
and timing of roof fall," prepared for Coal magazine. 

Serata, s. an::l Hirercath, M., 1990, "Applications of rheological finite 
elerrent nethcd in cavern field analysis," paper presented at fall 
rreeting of Solution Mining Research Institute, October. 

Sakuma, s., Kikuchi, S., Mizuta, Y., an::l Serata, s., 1989, "In situ stress 
measurerrent by double fracturing," in Proceedings, Japan Society of 
Civil Engineening, 406/III-11, June. 

Serata, s., Das, B. an::l Crocker, N., 1989, "Application of the SPDR 
(Stress-Property-Defonnation-Relation) Technology to UOO.erground strata 
control," invited paper, Mining and Metallurgy Institution of 
Japan/Institution of Mining and Metallurgy Joint Synposium, Kyoto. 

Serata, s. an::l Lawshe, M., 1989, "stress Control Methcd helps to optimize 
underground mine design," Mining Engineering, vol. 41, no. 3, pp. 158-
160. 

Serata, s., Mehta, B. an::l Hiremath, M., 1989, "Geooechanical stability 
analysis for CAES cavern operation," invited paper, International 
Conference on storage of Gases in Rock Caverns, Trondheim, Norway, 25-28 
June. 

Kikuchi, S., Nakanura, T. an::l Serata, S., 1987, "A diamatral defamation 
nethcd for in situ stress measurement," in Procee.:lings, 2nd 
International Syntx>sium on Field Measurement in Gecm:!chanics, Kobe, 
Japan, 6-9 April, pp. 95-104. 

Serata, s., 1987, "Inproving conpetitiveness through carputerized SPOR 
Technology," invited paper, Am:!rican Mining Congress, Mining Convention 
'87, San Francisco, 16 September. 

Serata, s., 1987, "Integration of field instrumentation an::l conputer 
sinulation: Developnent and application of SPDR Technology," in 
Procee::iings, 2rrl International Synposium on Field Measurement in 
Geomechanics, Kobe, Japan, 6-9 April, pp. 613-624. 
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SERATA QEOMECHANICS, INC. 
Serata - 3 

Serata, s., Preston, M. arrl Galagoda, H.H., 1987, "Integration of finite 
elerrent analysis arrl field instrunentation for a_wlication of the Stress 
Control Methcd in u.rrlergrourrl coal mining," in Proceedings, 28th U.S. 
Syrrposium on Rock Mechanics, Tucson, Arizona, pp. 265-272. 

Chern, S-J., Shrinivasan, K. and Serata, S., 1987, "Corrputerized system for 
rreasuring material prcperties as a function of ground scale," in 
Proceedings, 2rrl International Syrrposium on Field Measurement in 
Geomechanics, l<obe, Japan, 6-9 April, pp. 323-334. 

Das, B.M., Nickols, o. arrl Serata, s., 1987, "Stress-property-deformation 
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