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PROGRA'1 STATUS REPORT 

Title: Solid Radioactive Waste Disposal Studies BR&C .t--;0.: AR-05-15-15 

FO/Contractor: AL/LASL h'EF :\0. : AL .3. 5.1 --~~~~---------------------------- --~=-~~=-----------
Manager: James G. Steger Annual Budget: __ ~$~.30~0~k~------

Principal Investigator :_M_._A_._R_o~g:....e_r_s _______________ Date: May 1980 

Month Covered: ___ A~p_r_i_l __ l9_8_0 ________________________ __ 

Task Description: 

The purpose of this task is to develop methods for environmental monitoring 

and surveillance of low-level waste disposal facilities. The approach tal< en w] 11 

be to assess the migration of radionuclides from wastes buried during the last 

35 years at LASL in order to determine waste/soil interactions and radionuclide 

movement in a semi-arid environment. Potentially significant pathways will be 

identified and modeled. A method of monitoring radionuclide movement alan& these 

pathways will be developed along with identifying the cor,straints that must be 

imposed upon disposal site operating practices and waste forms. 

Highlights and Significant Accomplishments: 

The trace element data was put through discriminant analysis three times and 

cluster analysis twice this month by Dick Beckman, S-1. U, Fe, Th, and Cs will 

correctly classify 82.7% of know~ units in the Tshirege. For all of the trace 

elements (Zn, U, W, Th, Cs, Rb, Co, Ta, Fe, Ba, Sb, As, and Mo) the percentage of 

correctly classified is 78.6. Using U, Fe, Th, and Cs the percentage correctly 

classified for individual units is: 

Unit A - 100% 
Unit B - 91.3% 
Unit c - 100% 
Unit D - 94.7% 
Unit E - 41.2% 
Unit F - 73.3% 



The University of Colorado graduate classes in volcanology, igneous petrology, 

and mineral deposits with professors Bill Atkinson, economic ieology; Ed L~rsen, 

volcanology; and Charles Stern, igneous petrology visited April 7th. I conducted 

a fieldtrip that covered exposures cf the entire section of the Bandelier Tuff on 

the Pajarito Plateau. 

The "glass" samples sent back to us by CMB-6 and tuff samples for the Tshirege 

were taken to Dave 1-lann, G-6 to be thin- sectioned. CHB-6 ~ _J said that the "glasses" 

co~tained crystals at a temperature of li50°C; therefore I took them to be sectioned 

in preparation for microprobe analysis. The other thin sections are to round out 

our collection for d~scriptive work which will be in the geology report in support 

of the map. 

The soil temperature probes have been calibrated and the thermograph has been 

checked to see if internal heating of the thermograph resulted in an altering of the 

readings. It did not. To further decrease that possibility and to protect the ther-

mograph from rain and dust, an aluminum cover was constructed that fit over the ther-

mograph. The aluminum has the property of practically eliminating the "greenhouse 

effect" present due to the existence of glass windm·;s. The cover should consequently 

diminish the temperature fluctuations in the thermograph which, in turn, might paten-

tially influence the soil temperature readings. 

Adapters have been made for the heat flow sensors to fit the "multimeter" which, 

after calibration, will convert the voltage measurements in heat flow expressed in 

-2 KWm . The holes for the temperature probes and the heat flow sensors have been 

drilled about 10 m from GS-150 ("the Tritium shaft"), so that the influence of tern-

perature gradient and heat flow on tritiated water emanation can be verified. 

Literature review concerning the "maximum credible case" of climate change is 

quite an awesome task. Available data on tree-ring indices in Los Alamos \<.'as com-

pared with the existing climatic data. For all trees studied, the tree-ring index 

decreases with temperature and increases with precipitation, but the multiple 



correlation coefficients were 0.50 for Douglas Fir, 0.51 for Ponderosa Pine, and 

0.57 for Pinon. Only for Pinon is the test significant at the 1% level. On the 

other hand, the interrelationship between tree-rings indices (Douglas Fir, Ponde-

rosa Pine, and Pinon) is extremely significant with R = 0.95. 

In April the volcano assessment was completed and a memo report was submitted 

for consideration. There are two distinct source areas for volcanic rocks in the 

Jemez Mountains: a mantle source for mafic rocks (basalts, andesites, etc.) and 

a crustal source for felsic rocks (rhyolites, ash flows, etc.). Stratigraphy and 

age dates indicate that there is a cause and effect relationship between the two 

types of volcanism, such that felsic events are dependent upon major mafic activ-

ity. Geophysical studies in the Valles Caldera suggest that the source area for 

the Bandelier Tuff is now a cooling granitic mass and may bE considered inactive. 

There is a thin balsaltic magma at ~15km beneath this part of the Rio Grande 

Rift, but it appears to be unable to induce significant melting of the overlying 

crustal rocks at this time. Estimates for continued activity in the Jemez area 

are: 

1 3 X 1 0- 6yr- 1 for t · f k · d . erup 1ons o any 1n . 

2 7 lo-6yr-l for 1 t" d d · t h. h b · ortant . x pyroc as 1c an om1ng even s, w 1c ecomes 1mp 

3. 

only after major mafic activity has begun, activating crustal sources. 
-11 -1 1 x 10 yr for new volcanoes, unrelated to present rift structures, 

erupting through LASL disposal sites. This is the only volcanic mechanism 

by which waste inventories can be released into the environment. 

Recent geological evidence from a portion of the Espanola Basin suggests 

that the trend of volcanic centers may move away from the immediate LASL area in 

the £uture. However, we will be unable to verify this hypothesis for several hun-

dred thousand years. 

After meeting with Vern Rogers, Vern Rogers and Associates, it was decided 

to attempt to develop s. land-use evaluation scheme for the LASL area. Initially 



we will be looking at Area C, Area F, and White Rock. A generalized soil evalua

tion was reported in Jack Nyhan's soil survey, LA-6779-ME>. Some of the results 

are rather interesting. About half of White Rock is totally unsuited for housing, 

and Area C (a former bean field) appears to be only marginally capable to support 

farming. We will shortly be getting in touch with the Soil Conservation Service 

to get a site-specific detailed soil analysis in the study areas. Vern Rogers is 

currently developing a set of general criteria for land-use evaluation. We will 

need to correlate the theoretically determined suitibility of these sites with 

past and current land use. 

Budget Variance: 

None 

Milestone Variance: 

None 

Problems and Issues: 

None 



Tille __ Ra_d_i_o_a_c_t_i_v_e_w_as_t_e_D_i_s..:,p_o_s_a_l_S_t_u_d_i_e_s __ _ B&FIC No. AR 05-15-15 

Fo AL/LASL /Contrac:to~ FY 80 VVE? No. AL 3.5.1 
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Title: ShalloK Land Burial Technology BRS.: \0.: AR-05-15-15 
FO/Contractor: AL/LASL w:::;- \0. : AL 3.5.4 ------------------------------------ ----------------------1-fanager: James G. Steger Ann~&] Budget: $40J~ ----------------Prindpcd Investigator: John l'i. Nyhan Date: May 1980 

Month Co\·ered: Apri 1 1980 
--~----------------------------------

Task Description: 

To improve the technology related to the shallo~ land burial of ra2ioartive 
v;aste by examining radionuclide mobilization and migration mechanisms, by den:lop
ing monitoring techniques around burial sites, by develo;ing engineering methods 
to im:proYe \\·aste containment, anc by the construction of an experimental engineered 
waste burial facility. 

Highlights/Significant Acco~plis~~ents: 

1\'e have continued to process a group of 800 tuff sa.r:-.ples collected under an 
old liquid waste disposal pit at LASL in an effort to examine radionuclide mo~ili
zation/migration mechanisms. About 260 of these samples are currently ready to be: 
assayed using ATASS for transuranics and fission products pre\·iously added to 
these pits. 

A major effort \o.'as expended in characterizing the ATASS S)'Sterr.'s sensitidty to 
plutonium using the plutonium in tuff standards. ln order to determine the ATASS 
sensitivity to plutonium very precisely, we examined the influence of tuff s:-_rr:J'le 
homogenization on plutonium sensitivity. Five of the high concentration p1utor·,iur.
tuff standards were opened and thoroughly homogenized. Before the tuff sample: v;ere 
homi:>geni:z.ed, approximately 1 to 2 grams of cold tuff v;as added to ea_ch of the sar.-?les 
to fill any void space \odthin the sar1ple \\'hich occurred from predous sample handling. 
All work was done under a hood, inside a paper lined 20" x 24" plastic phcto tray. 



After adding the cold tuff, the sample was placed on a 12" x 12'' clean sheet of 

paper. Homogeni:ation begar, by taking one corner of the paper, folding it over 

in the direction of the opposite corner, thus, mixing the sample in a rolling 

motion. This was done several times allowing a thorough blending of each sample. 

The samples were placed back in the containers, rev.·eighed, resealed and v.·iped clean 

before recounting. An attempt to place all samples back into their original con
tainers v.·as made, however, in some cases, not possible. Samples one and two were 

placed in their original containers, samples three and four required new lids, and 

sample fhe v.·as put in an entirely nev.· container. The sensitivity data of the 

sa;:;:?les after homogeni :.at ion is presented in Table I. Sensitivities ranged from 

0.000?20 to 0.001183. Table II shov:s the sensitivity from the same five samples 

before homoge~i:ation, which ranged from 0.001398 to 0.001845. A comparison of the 
data presented in these tables showed that the homogenization of the samples ap

parently resulted in a lower sensitivity with a lower variation. However, a sta

tistical analysis of the sensitivity data was performed (Table III), which showed 
no significant statistical differences in sensitivities at the three sigma confi
dence level. 

These preliminary results were so interesting, we decided to homogenize the 

rest of the plutonium tuff standards. The lov.· and medium concentration plutoniurr; 

tuff standards were opened, homogenized, resealed, and recounted. Tables I\', and\' 

present sensitivity data of the standards before and after homogenization, 'ld th a 

statistical analysis of the sensitivity data in Table VI. In Experiment I the 

lov.- concentration standards ranged from 0. 0009233 to 0. 001279, cor siderably lov.·er 

than that of the same standards before homogenization, in which thE sensitivities 

ran~ed from 0.002337 to 0.003140. After homogenization, not only were the sensi

tivities lower, but also the coefficient of variation was lower: 12.76\ before 

homogenization and 11.3696 after homogenization. In Experiment II the sensitivities 

were also quite a bit lower, ranging from 0.001126 to 0.001189, after homogeni:ation 



and 0.001794 to 0.002790 before ~omogenization. However, the coefficient of 

variation in this experiment was considerably lower than that of Experiment I be-

fore homogenization, 14.2% and 2.1% after homogenization. This clearly indicates 

that we must throughly homogenize the plutonium standards before establishing a 

count rate in order to determine concentrations of plutonium in soils. 

In order to quantitatively assess the contribution of americium to the counts 

in the plutonium L x-ray region of the spectrum, we determined the ratios of the 

59.537 ke\' 241Am gamma ray to the americium L x-rays in the americium tuff standards 

(Tables VII, and VIII, and IX). This was determined by using least squares regres-

.sion analysis of the L x-ray and americium gamma-ray counting data. Since the three 

L x-rays are in the same energy range as those emitted from plutonium, this calibra-

tion was necessary in order for us to assay for both americium and plutonium simul-

taneously. A regression analysis of the data is presented in Table IX, which shows 

that the y intercept values c241Am L x-ray count rate) ranged from -.04707 to .07767 

in experiment II, and -.02866 to .04106 in experiment III and also include a total 

of the three L x-ray count rates. In experiment II when the individual L x-ray count 
241 rates were used, slope values (L x-ray count rate/ Am gamma ray count rate) ranged 

from .06113 to .05075, but when the total of the L x-rays was used as the y variable 

in the analysis, the slope had a value of .28005. In experiment III the values of 

the slope ranged from .06113 to .04954 for individual L x-rays and had a slope value 

of .2926. The standard error estimate of they intercept ranged from .0511 to .1525 

in experiment II and .04168 to .1688 in experiment III. The standard error of the 

regression coefficient estimate of the slope ranged from .00231 to .00702 in experi-

ment II and .00172 to .00678 in experiment III, resulting in a variation cf slope 

esti~ates of only 2.12% to 3.62% in experiment II and 2.21% to 2.28% in experiment 

III. The latter observation shows that the americium L x-ray count rates can bees-

timated very accurately from the americium gamma-ray count rates. 



Several other project-related accomplishments were made. John Umbarger of 

LASL Group H-1, who is responsible for developing the ATASS system in our project, 

gave a seminar on April 17, 1980 entitled "Instrumentation for low-level transuranic 

and radionuclide measurements applied to waste management and environmental monitor

ing programs." A final draft of the manuscript describing the ATASS system was 

completed and is currently undergoing typesetting. 

A major effort was expended in planning for the design of our Experimental En

gineered Waste Burial Facility (EEWBF). Gerald DePoorter (Engineer in Charge) and 

John Nyhan (Project Principal Investigator) visited several field burial operation 

sites throughout South Carolina and Tennessee (4/28 - 5/l) collecting information on 

how wastes were buried jn the field and who was doing field research in this area. 

Scientists involved in this type of research were informed that we plan to hold a 

workshop to evaluate experiments to be performed at the LASL EEWBF in September and 

then wrote a short document about the EEWBF, which is also included in this month's 

report ("Design considerations and preliminary design for experimental waste burial 

facility" by G. L. DePoorter). 

Budget Variance Analysis 

None 

Milestone Variance Analysis 

None 

Problems and Issues 

- The method cf using vanadium as a radionuclide mimic was suggested by John 

Umbarger, H-1, as probably the best means of studying accelerating weathering. 

We would like to investigate this, and an additional $90k for FY80 would be of 

considerable help. 



Table I. Sensitivity Data of Plutonium Standards 
After Homogenization 

Total Actual Count Counts Calculated Added Sample Time (Area) Counts Concentration Concentration Sensitivity # (Sec) c per sec pCi/g pCi/g Cps/pCi/g 
PuHlH 9000 11257 1.25 .382.290:::3% 1057 .001183 
PuH3H 9000 10325 1.15 .346.208::.3% 1071 .001074 
PuH4H 9000 9909 1.10 331. 890±3go 1060 .001038 
PuH5H 10000 10806 1. 08 .323. 060±3% 1071 .001008 
PuH6H 10000 9675 .968 292. 756:t39i> 1052 .000920 



Table II. Sensitivity Data of Plutonium Standards Before Homgenization 

Total 
Actual Count Counts Calculated Added Sample Time (Area) Counts Concentration Concentration Sensitivity # (Sec) c per sec pCi/g pCi/g Cps/pCi/g 

PuHl 6000 12583 2.097 700.528±3% 1057 0.001984 
PuH3 6000 11755 1.959 649.628:::3% 1071 0.001829 
PuJ-l4 7000 12607 1. 801 605.583::3% 1060 0.001699 
PuH5 8000 11981 1.497 484.839±3% 1071 0.001398 
PuE6 7000 13584 1.941 363.691±3% 1052 0.001845 



Table III. Statistical Analysis of Plutonium Data Given in 
Table I and II Before and After Sample Homogenization 

After Homo~enization 

X sa cvb 

.001044 .0000960 9.19 

Before Homogenization 

X s cv 

.001751 .000221 12.66 

a Standard deviation 

b Coefficient of variation (s x 100/i) 



Table I\'. Plutonium Lo~ Standards Before and After Homogenization 

Total Actual Count Counts Calculated Added Sample Time (Area) Counts Concentration Concentration SensitiYity /1 (Sec) c per sec pCi/g pCi/g Cps/pCi/g 
PuL-l 15,000 2408 0.1605 55.47 ±4 ~0 53.02 0.003027 PuL-2 16,000 2019 0.1261 43. 667±5go 53.74 0.002346 PL:L-3 15,000 2224 0.1482 50.989::5>, 53.15 0.002'788 PuL-4 16,000 1997 0 .124 8 43.672±5So 53.41 0.002337 PuL-5 15,000 2538 0.1692 62, 012::5~o 53.88 0.0031-lO 

PuL-6 16,000 3195 0.13'7"1 46.155±-H 53.78 0.0025..l9 

Pu:~-1H 16,000 1044 .06525 22.022±7% 53.02 0.001230 PuL-2H 16,000 931 .05819 19.616±8~. 53.74 0.001082 PuL-3H 16,000 906 .05819 15.6 70±9'o 53.15 0.001094 PuL-4H 16,000 789 . 04931 15. 412:::9 ~0 53.41 0.00099233 PuL-5H 16,000 926 .05788 19.233::!:8°< 53.88 0.001074 PuL-6H 16,000 1102 .0688 21.348::79o 53.78 0.0012'7"9 



Ta:,le r. Pl utoni urr. ~ledium Standards Before and After Homogeni:ation 

Total Actual 
Co:..:nt Cour:ts Calculated Added Sarr.; 1 e Tir;o (Area) Counts Concentration Concentration Sensi ti Yi ty F. (Sec) c per sec pCi/g pCi/g Crs/pCi/g 

Pu\1-1 13,000 9654 0.7426 194.912±3% 266.2 0.002790 
Pu!-1-2 1.2,000 7600 0.6333 224.809.::396 269.0 0.002354 
Pu.:~l-3 12,000 7858 0.6548 236, 039::3~o 266.2 0.002460 
Pu-"1-4 14,000 6634 0.47.38 162. 322±3~, 264.1 0.001794 
Pu!·1-5 12,000 7987 0.6658 236. 282±3~,; 265 . .3 0.002509 
Pu.\~--6 11,000 76-:"0 0.6972 244 .141::.3'. 262.0 0.002661 

Pu'·~-1H 14,000 4433 .31664 99. 363±3~c 266.2 0.001189 
Pu-"1-2H 14,00(1 4240 .3028 94. 999::4 s, 269.0 0.001126 
Pu.,l-3H l4,00CI 4364 .3117 99.875.::5", 266.2 0.0011'71 
Pu.,1-4H 14,000 4220 .3014 96.479±3~o 264.1 0. 001141 
Pu.'l-5H 14,000 4350 .3128 9.3.239 265.3 0. 001179 
Put.l-6H 14,000 4309 .3077 101 .496 262.0 0.001175 



Table VI. Statistical Analysis of Plutonium Tuff Standards Before and After Homogenization 

.X 

0.002697 

X 

0.001113 

X 

0.002428 

.X 

0.001164 

a Standard Deviation 

b Coefficient of Variation 

EXPERIME~T I 

Before Homogenization 

sa 

0.00034::9 

After Homogenization 

s 
0.0001265 

EArERIMEXT II 

Before HOl"lC-'8e7'li:ation 

s 
0.0003465 

After Hor:-.o~eni :a tion 

s 
0.00002446 

c.r~ 
12. 7H 

c., .. 
11. 36', 

c.r. 
14. 2/So 

c.\". 
2 .l 0°c 



Table VII. Count Rates of 2 ~1Am Gamma-ray anJ L x-rays from Experiment II 
2

' 1Am y-ray J.n x-ray L11 x-ray 1.11 x-ray Lll x-ray l:y x- r.1y Ly x-ray Sample • Couut rate Count rate rut io • Count rate rat io• • Count rate ratio••• Totlll Ratio <'!'2) lcr~~, - __________ j_tj~S) 
(<]_':~J- lrt>'il 

A~tL-1 2.1711 .1231 . 05(~M~} . ~ J«,() .14Sh .Wl71lll ,04470 . ~. )(,) . 2471 
1\loiL-2 I. !lhS .llhtl .W.1107 .31-10 .I ~,•111 .ti<J3h7 . 04 71•!1 .~n<o .2hh4 
1\loiL-3 1..2711 . 1411 .llrdll .. \7.!!.1 .1M2 .1140 .050211 .1.103 .2776 
1\loiL-4 2. Ill . 131 () .llh.'03 .3442 .11.:\ll .IIH~ .li4Wl5 .!;7R5 • 27:\!l 
AMJ.-5 Z.ltd .1515 .07013 •. )!171 • J 11.17 • lll'lS . 115071 .6~·111 •. lll4 5 
AML-6 1. !157 .1170 .OS!llll . :1.!09 . I b3!l .lUIS .051119 .5394 .2756 At-IM-1 IO.h5 .hHHO . Oh·lh4 I . HOb .IW5 .5472 .05139 3.041 .21155 
1\lott-1- 2 IO.M .M'l7 .Ohlll!l 1.6!12 . I ~.!I I . S3·15 .w.o!s 2.1176 .2703 
AMI-I- 3 IJ.22 .52110 .llo17Ub I. SH2 .1410 .504b . ~~~ 11111 2 .1>14 .2.H9 
1\lol~l-4 IO.Ilh • 5!1.11) .11!>41>1 I .t.'l.) • J ~)~)~) • 53<10 . 114!11 !l 2.1120 .25% 
1\Mtol- 5 10.!.10 .hOI >I) • () ~- ~-.( J 2 I .hSl • 151 (, .SUHZ .1141>h4 2. 7t.h .2537 
,\MM-6 12.52 .SIHO • 0·11 :l!l I. 532 .1:>2.) .4!194 .03!1!19 2.549 .2035 A/oil I- I 
Mill-.' 311.011 2.2711 .05'1114 6.11112 . lhUO 1.1137 .041126 10.20 .26711 
1\lotll- 3 37.17 2.1>32 .11711112 h .4 7•1 .17•13 I . !174 .u~ 11.1 I I .Oil .29110 
N-111-4 37. !4 2. 242 .111.0.'0 !'..!1·12 . I !>'IS 1. HI I .0-1111>4 '1.9!15 • 2£>113 
Mill-S 37.711 2.5h!l .III,II!H h. Sll•l • 114~> 2.!14.1 . 05-1!l5 II . .'U , 2!Ho4 
AMI I-C. 40.07 2 . .1117 • U~, 7UH IJ. 2C.ll .1Sh2 1.944 .0411!;2 10.'19 .2617 

Ln x-ray cps/ 2 ~ 1 Am y-ray cps .. 
LB x-ray cps/" 1AJn y-ray cps 

••• 
Ly x-ray o:ps/ 2

' 
1Am y-ray cps 



Table VIII. Count Rates of 2 '11 run Gamma-ray and L X-rays from l::xperirnent Ill 

H 1Arn y-ray IH x-r·ay Lu x-ray l.fl x-ray 1.11 x- r·ay Ly x-ray l.y x-ray S;amplc • Count rate Count rate ratio* Count. r·ate ratio•• Count rate ratio••• Total Ratio \ ''1'.~) (.:ps) (.: l':;) -----~.£.:~) (q•s) N-IL-I 2 .11<\:1 .II UK .{)~d 2(1 .3134 . I 534 .OK/II .il:t!ti9 • <,f .'(I .2:.06 
A~IL-.> I. !HIS .111.1 .0!.!1111 .2!172 . 1 ~-.,.u .01174 .4~.~,. .'1!1·1 11 • Lhll.) Af.IL-3 2.22-1 .ISO!! .Oh7!14 .3h72 . llt!d . IU7h .ll•l!IH .L2~)h .21112 
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WASTE BURIAL FACILITY 

by 

Gerald L. DePoorter 

The purpose of this report is to present design considerations for the experi

mental waste burial facility and to suggest a possible working design. A working 

design is needed so we can start negotiations to obtain the site to build the facil

ity, start detailed engineering, do preliminary environmental monitoring of the 

chosen site, and plan and hold the design review with the contractors and other 

interested people in the low-level waste management community. Having a working 

design will enable us to be more specific on the experiments we war.t to do, which 

will also help in the planning. In other words, we have to start someplace, soon, 

or the facility will never meet the strict time schedule we now find ourselves under. 

This working design will be just that - something we can discuss and hopefully im

prove while some of the other things that must be done to build the facility can 

get started. 

The basic approach I am taking is that the purposE. of the experimental waste 

burial facility is to prove, on an appropriate scale, the effectiveness of scme of 

the suggested solutions to problems that have been associated with shallow land burial, 

and to evaluate other improvements to shallow land rurial. The results of experiments 

in the field will be used to support any suggested improvements. 

POTENTIAL PROBLEMS WITH f.HALLO\\" LA~D BURIAL OF LOW-LEVEL RADIOACTIVE WASTE 

There are several general problem areas associated with shallow land burial of 

low-level radioactive wastes. In general terms, besides improper operation, poor 

pack~ging, and intrusion there are problems associated with: 

waste settlement, 

the interaction of water with the wastes, 

the generation of gases in the waste, 

uptake of radioactive contamination by plants and animals. 



The problem areas that are probably the most serious and are closely related to 

each other are waste settlement and interaction of water with the wastes. Water, 

either from surface infiltration or groundwater encroachment, can do two things. It 

can leach the waste, mobilizing the radioactive materials, and can lead to settle

ment of the fill and the waste. Settlement leads to cracking and deterioration in 

the cap material, which subsequently allows more water from the surface to infiltrate 

into the buried wastes. In the absence of water, the settlement problem could pro

bably be overcome by careful packing of the fill material, by the use of containers 

when appropriate, and compaction of the waste forms prior to burial. 

GENERAL WASTE MANAGBlENT PHILOSOPHIES 

Since the primary mode of radioactive contamination from a properly operated 

low-level waste burial facilities has been through leaching and transport of radio

nuclides by water, waste management philosophies can be conveniently discussed in 

terms of the effects of water on the system. There are two ways to look at this: 

in terms of possible effluent from the burial facility and in terms of the possible 

modes by which water can get into the burial pit. TI1e general waste management 

philosophies expressed in both terms are outlined in Table I. 

Expressing the waste management philosophies in these two ways clarifies both 

the problems and the possible solutions. One expression is negative, i.e., solve 

the problem once it happens, and the other expression is positive, i.e., do what you 

can to prevent the problem in the first place. Since we are concerned with an ex

perimental burial facility whose purpose is to demonstrate and substantiate new 

techniques, preventing problems is probably better than solving a problem once you 

have it. Hc:wever, it is important that we keep both aspects in mind. We must think 

in terms of both preventing the problem and in terms of knowing what to do if the 

problem occurs. 

The guaranteed 100% safe philosophy is unrealistic from a technical and cost 

viewpoint, but may have somE: political advantages. Planned dispersion, from a 



general political point of vie\\·, is probably not acceptable. However, if recovery 

of transuranics from the burial pit by intruders is a concern, then this may not be 

a bad idea. State of the art containment is probably the best approach from all vie\\·

points. It is the most honest approach because it is probably impossible to guarantee 

100% containment or absolute isolation from water under all conditions. By understand

ing migration properties, based on quantitative experimental results, this approach 

can also be made politically acceptable. This is consistent with the draft of 10 CRF 

part 61. State of the art containment combined with engineered channeling of thE ef

fluent is the waste management philosophy we shall use in the design of the e)~peri

mental waste burial facility. However, provision will be made to work on eithEr of 

the other two philosophies. 

In looking at the problems described above and in trying to solve them, it is 

instructive to consider worst case conditions, guaranteed 100% secure conditions, and 

what I will call optimum conditions. Worst case conditions would be when the leach

ing is the fastest and contaminated leachate solution gets out of the pit into the 

surroundings. Whether this occurs with saturated or unsaturated conditions will be 

determined in our experiments. The worst case conditions are intolerable and will 

not be considered further. Guaranteed 100% safe conditions are when the burial pit 

is completely tight and no water gets into the pit and there is no pit effluent. As 

was the cr.se with the guaranteed l009o safe waste rr.anagement phi losopry, the guaranteed 

100% secure conditions are very difficult to achieve. The optimum corditions are when 

we recognize that water is going to get into the burial pit and engineer the pit so 

that the water getting into the pit goes where we determine it \\"i 11, and if that is 

not completely successful, any effluent leaves through an engineered failure point. 

In designing the burial pit, we minimize the conditions under which surface infiltra

tion or groundwater encroachment can occur. 



SOLUTIONS TO FOTENTIAL PROBLEMS WITH SHALLOW LA.~D BURIAL OF LOW-LEVEL RADIOACTIVE 

WASTE 

Based on the literature, on the summaries of the literature by the subcontractors, 

and on discussions here at LASL and elsewhere, solutions to the above problems that are 

practical and cost effective can be proposed. Given the fact that we can not guarantee 

under all conceivable conditions that no water will get into the burial pit due to 

either surface infiltration or groundwater encroachment during the expected lifetime 

of the pit, we will design the experimental burial pit based on the following hypotheses 

1. We can control the movement of any water that gets into the burial pit by an 

appropriate combination of liners and drain systems in the cap, walls, and 

bottom of the burial pit. 

2. We know how the water will interact with the waste forms and how any leachate 

formed will interact with the fill material or the liner or cap. 

3. We can cc.llect and passively treat any leachate that forms. 

4. We can channel, collect, and passively treat any gases that come from the 

burial pit. 

5. The effects of waste settlement on cap integrity can be controlled by the 

design of the cap and waste placement. 

6. The trench cap can be designed to prevent intrusion by burrowing animals and 

pick up of contamination by plants. 

7. We can control the settlement of the waste and fill in the burial pit. 

The purpose of the experimental waste burial facility will be to substantiate the 

above hypotheses and to prove under field conditions that some of the newer concepts 

for low-level shallow land burial are effective, practical, and reliable. 

THE EXPERIMENTAL WASTE BURIAL FACILITY 

The purposes of the experimental waste burial facility are listed in Table II. 

The items listed in the table are quite general, because the experinental facility 



is intended to provide information useful for the disposal of both low-level radio

active wastes and hazardous chemical waste, which may be mixed with the radioactive 

waste in any environment. 

Because of the complexity of the combination of hydrological, chemical, and 

mechanical aspects of waste burial, experiments should be carried out on at least three 

scales. These three scales and illustrative experiments for each scale are sho~~ in 

Table III. The isolated variable experiments are designed to provide good experimental 

data on important phenomena on a field scale that can be directly applied to a full 

scale facility. Although the isolated variable experiments are quite chemical in 

nature, the intermediate scale experiments are designed to provide information on 

mechanical effects and on a combination of mechanical and chemical effects. The 

leachate-liner-fill interactions have both a mechanical and chemical nature while the 

gas channeling and collection and the burial pit drainage systems are more mechanical 

in nature. The integrated experiments will address such large scale mechanical pro

blems as pit settlement, cap cracking, and the effects of the pit filling operation 

and backfilling and capping en the liner and drain systems. The isolated variable ex

periments can best be done in a specialized pit design while the intermediate and in

tegrated experiments should be done in burial pits that closely resemble actual burial 

facilities. Having near-full-scale burial pits that are capped will also be useful 

for experiments on the effects of burrowing animals and plant uptake of material from 

the pit. 

The key to any of these experiments is the monitoring of what goes on in the buria 

pit in the field. To discuss this, we must consider what we will actually be putting 

into these experimental facilities, regardless of the scale. Some possiilities are 

listed in Table IV. To get the most information without problems related to putting 

radionuclides into the environment, the use of nonradioactive wast~ forms combined 

with mimics for some of the radioactive elements such as plutonium is probably the 

best way to go. By not using radioactive materials, more options are available rela

tive to waste forms, placement methods, and possible leach solutions. 



EXPERIME~TAL BURIAL PITS FOR ISOLATED VARIABLE STUDIES 

A possible experimental burial pit is shown conceptually in Figure 1. Plan 

a.nd side views are shown in the top of the figure, and a detail drawing of the ex

periment cluster is shown in the bottom of the figure. The heart of the experimental 

pit is the experiment cluster, which consists of six experimental caissons clustered 

around a central access and instrument caisson. The insturment and access caisson 

should be about 9 to 10 ft (about 3 m) in diameter. The experimental caissons can be 

any size up to the same size as the central caisson or can be larger if used in place 

of two smaller caissons, depending on what experiments are done in each one. The access 

caisson will allow samples to be taken in a horizontal direction in any of the experi

mental caissons at any elevation and without disturbing the surface of the caisson or 

allowing access by water to the packing material in the vertical direction. Each 

caisson will be instrumented to provide the information indicated in Table I. 

This design philosophy for the experimental burial pit was taken for the following 

reasons. The use of multiple experimental caissons arourd a central instrument and 

access caisson will allow a large number of separate experiments per pit. The caissons 

provide isolation of the experimental areas and also prevent the horizontal influx of 

water, allowing more precise control of the environment in each of the experimental 

areas. 

The individual caissons give a large degree of flexibility in the experiments that 

can be performed. Any type of fill material can be used in these caissons. The ar

rangement of the experiment clusters in the experimental pit is only a suggestion. 

The relatively large distance is left between them so that not all of the clusters 

have to be installed at once. The experiment clusters could be arranged in a hexagonal 

array similar to the arrangement of the experimental clusters themselves. Further in

put and discussion is probably necessary before the final arrangement can be decided. 

This arrangement will also be a good way to evaluate design, emplacement pro

cedures, and operation of the instruments that will be required to monitor the burial 



pits. This information will be used for the instrumentation of the intermediate and 

full scale burial pits. 

Burial Pits for Intermediate Scale and Integrated Experiments 

Scaling factors that can te used to extrapolate and compare for the design of 

full scale burial pits must be obtained from these experiments. Therefore, interme

diate scale burial pits and full scale burial pits must also be included in the fa

cility. Although the chemical effects on the liners can be determined in the experi

mental pits, the mechanical effects on the liners such as the effects of filling the 

pits and settling of the material in the pits must be determined in the intermediate 

or full scale burial pit. 

The term full scale is probably a bit misleading. To me, full scale means about 

the same depth and width as an actual pit, but probably no longer than about 50 ft. 

It is probably good enough just to have the length equal to or greater than the width 

of the burial pit. 

The intermediate scale burial pits will have instrument and access caissons by 

them, as will the pits for the isolated variable studies. For this scale experiment, 

it will be useful to be able to sample on a horizontal plane without providing verti

cal access from the surface of the pit. 

To summarize, the experimental waste burial facility should consist of eYperi

mental burial pits, intermediate size burial pits, and full scale burial pjts. The 

basic information will be obtained from the experimental pits on leachate chemistry, 

leachate-liner interactions, effect of biological activity on leachate mobility, and 

the effects of waste form on the leachate. Some of the mechanical variables related 

to gas collection and channeling and burial pit drainage systems will be evaluated 

in the intermediate scale burial pits. The more mechanical parameters scch as cap 

performance and liner performance will be determined in the full scale pits. 



PRELIMINARY DESIGN FOR THE EXPERIMENTAL WASTE BURIAL FACILITY 

A possible physical layout for the experimental waste burial facility is show~ 

in Figure 2. This consists of experiment clusters, intermediate scale burial pits, 

and full scale burial pits. The general experiments that would be done in this 

facility are listed in Table V. These experiments would test the hypotheses described 

earlier. In addition to testing these hypotheses, this facility would allow for many 

other types of experiments that wil lead to a better understanding of the phenomena 

that occur in burial pits, either for low-level radioactive waste or hazardous waste. 

Explicit details of these experiments have been left out here. These details 

can be added after more discussion here in the group and in discussions with others 

and after the design conference to be held with the contractors and others. The 

purpose now is to decide on a particular general plan for the facility so that the 

planning and detailed engineering can begin. Also, cost estimates must be made in 

order to see how much we can do with the money we have available. We also need to 

find a site for the facility here at LASL, start the preliminary tests, and determine 

the environmental impact of the facility. 



TABLE I. GENERAL WASTE MANAGE~fENT PHILOSOPHIES 

GRARANTEED 100% SAFE 

Engineer waste disposal facility so that all hazardous materials are kept 
in the burial pit. 

or 

Engineer waste disposal facility so that water cannot reach the emplaced 
waste thereby eliminating the possibility of contaminants being mobilized. 
Water from waste degradation will be channeled, collected, and passively 
treated. 

STATE OF THE ART CONTAINMENT COMBINED WITH ENGINEERED CHANNELING OF THE EFFLUEKT 

Use disposal practices based on sound experimental evidence combiner with 
suitable engineering so that the effluent can be collected and properly 
passively treated. 

or 

Recognize that some water is going to get into the burial pit. Design the 
pit so that this water is diverted and collected before it can reach the 
emplaced wastes. As a backup, engineer the system so that if effluent is 
formed, it can be collected and properly treated with a passive ~ystem. 

PLANNED DISPERSION TO PREVENT FUTURE ACCESS BY INTRUDERS 

Allows for leaching of hazardous materials and disperses these materials in 
a controlled manner to the immediate environment of the burial pit. 

or 

Provides specific access channels for the water so that the leaching can 
be controlled to disperse the hazardous materials as desired. 



. . 
TABLE II. GE!\ERAL PURPOSES OF EXPERH1E~TAL \'tASTE BURIAL FACILITY 

TEST METiiODS FOR CO!\STRUCTI!\G A.t\D OPERATI!\G '1\'ASTE DISPOSAL FACILITIES 

Evaluate Burial Pit Design 
Determine need for liners. 
Evaluate burial pit liner systems, if needed. Evaluate burial pit cap systems. 
Evaluate backfill materials. 
Evaluate burial pit drain systems. 

Evaluate Burial Pit Operations 
Test burial procedures. 
Test different ~aste forms. 
Test placement methods. 

DEHLOP A\'D TEST MO!\ITORING SYSTH1S TO r.lEASURE BURIAL PIT PERFOR".H\CE 

Measure infiltration rate of ~ater into the burial pit. Measure leach rate and leachate composition in burial pit. Measure ~ater and leachate movement out of the burial pit. Measure gas generation, movement, and composition in the burial pit. Measure movement of solids in the burial pit. Monitor heat flo~ into and out of the burial pit. Measure evaporation and transpiration of ll.'ater from the pit. 
CO!\TROL CLI~~TIC CO!\DITIO!\S AT THE BURIAL PIT 

Simulate rainfall. 
Simulate freeze-tha~ cycles in the caps. 
Control evaporation and transportation. 

DETERMH\E EFFECT OF BIOLOGICAL ACTI\'ITY 0~ 1-l-\TERIAL CO!\TAI~ED I~ THE BURIAL PIT 
DETER'·lll\E SCALI1'-iG FACTORS TO BE USED I!\ BURIAL PIT DESIG\ 



TABLE II l. n·PES OF EXPERIMEl\TS TO DETER\11?\E BURIAL PIT PERFOR\1.~\CE 

ISOLA.TED VARIABLE EXPERIME\TS 

l. Interaction of infiltrating solutions ~ith the waste forms and the transport of these solutions through the compacted fill. 2. Chemical and hydrological effects of leachate solutions on liner materials. 

INTER'-lEDIATE SCALE EXPERIME!\TS 

3. Gas channeling and collection. 
4. Burial pit drainage systems. 
5. Leachate-liner-fill interactions. 

II\TEGRHED EXPERIME~TS 

6. Total effects of liner systems. 7. Total effects of cap syste~s. 



TABLE IV. WHAT \OLL BE PLACED IN TilE EXPERIMEl\'TAL BURIAL PITS? 

SIMULATED WASTE 

Non-radioactive. 
Non-radioactive plus tracers. 
Non-radioactive plus mimics. 

ACTIJAL WASTES 

NOTE: 

Lo~-level radioactive ~aste. 
Hazardous chemical waste. 

To get the most and best information from the experimental burial pit, simulated waste is probably the best to use. For analytical purposes, tracers would be useful, but probably not necessary. If the burial pits are to be stressed, that is, made to leak, it probably ~ould be best not to leak too much radioactive material into the environment. 



TABLE V. Sill-1'-t-\RY OF I!\ITIAL EXPERIME!\TS A.'\D 'THEIR SCALE 

EXPERIME!\T 

Leachate interaction with waste 
forms and liners 

Leachate collection and treatment 

Water movement in and surrounding pit 

Effect of waste settlement on cap integrity 

Burrowing animal intrusion and plant 
uptake of contaminants 

Total effects of drain system and liners 

Gas channeling and collection 

Effects of microbiological activity 
on mobility of waste forms 

EXPERIMENT SCALE 

EXPERIME!\TAL INTERMEDIATE 

X X 

X X 

X X 

X 

X X 

FULL SCALE 

X 

X 

X 



FIGL"RE l. EXPERTMI:!\TAL BL"RIAL PIT 
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FIGL~E 2. PRELIMI~ARY DESIG~ FOR EX~ERIMEKTAL WASTE BlKlAL FACILITY 
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PROGRA~l ST.-\TUS REPORT 

Title: Alternative Systems Study BR&C NO.: AR-05-15-15 

FO/Contractor: AL/LASL KEP :\0.: AL 3.10.1 --------------------------------------
Manager: James G. Steger Annual Budget: $300k --------
Principal Investigator: Merlin Wheeler Date: May 1980 

1-lonth Covered: April 1980 
--~--------------------------------------

Task Description: 

The overall goals of the proposed work are to gather information pertinent to 
2nalyzing Alternative Disposal Methods and to generate a management plan for a pro
gram to evaluate selected alternatives to shallow land burial for the disposal of 
low level radioactive waste. The work will be structured so as to take maximum 
advantage of all applicable ongoing and proposed work within DOE and other organi
zations. In particular, close cooperation will be sought between this work and the 
High Level Waste disposal work coordinated by ONWI. 

Highlights/Significant Accomplishments: 

Data on characteristics of both commercial and DOE LLW have been compiled, des
cribing major waste types, radionuclide types and concentrations, and relative 
volumes. The dominant mechanisms leading to the environmental release of radio
nuclides from the various disposal alternatives have been described. In concert, 
this information is being used to analyze the specific reasons why alternative 
disposal concepts may be required. 

Discussions with ONWI have identified several areas of mutual advantage. In 
addition to the direct benefits to LLW of the geologic disposal investigations, 



common interest exists regarding sea bed disposal, modeling, licensing require
ments, and state interactions. Possible areas of common interest may also exist 
between the LLW and the TRU program. 

Budget Variance: 

None 

Milestone Variance: 

None 

Problems and Issues: 

None 
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