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EXECUTIVE SUMMARY I ; : 
This Resource Conservation and Recovery Act (RCRA) Facility Investigation Report describes 

the Phase I, voluntary corrective a ion (VCA), and Phase II investigations performed Ofl the 
. . I 

west side of building TA·3·30 wit n technical area (TA)·3, the main technical area at Los 

Alamos National L~bOratory (LlAN • 

. I 
T A·~ ~nta.lns .. the . co~e of op~rati1nal. facilities at LANL. Included in TA·3 are t~e pr~n~ipal 

admm•stratJonb~icJings,library, cafetena, shops, warehouses, several large laboratory budd1ngs 

housing diverse gro~P. and progrlms, and numerous smaller buildings serving :specialized 

functions. TA~:i ls.al~st completely developed. Roads and large paved parking l&ts surround 

the buildings.~ Unpaved areas are landscaped. Approximately on•third of the ar~. including 

the Administration ~ ~utlding and the Chemistry and Metallurgy Research (CMR) Building, is 

enclosed within a s.ecurity fence for controlled access. T A·3 is bounded on the north by 

300-ft-deep Los Alamos Canyon and on the south by 80-ft-deep Twomile Canyo~. 

The investigations targeted activities associated with SWMU 3·01 O{a), deposltL n of waste 

vacuum pump oil, originating from a vacuum pump repair shop located in the sout~west corner 

of building TA•3-30, the Laboratory's general warehouse. J 

The purpose .of the AFI Phase I Investigation was to define the nature and extent of 

contamination suspected to be present at the site based on historical site knowledge. The 

purpose of the· VCA was to remediate soil contamination known to be present at· the site as a 

result of l he Phase I Investigation. Finally, the purpose of the Phase II Investigation was to 

characterize· the nature and extent of VOC contamination identified during the .VCA, and to 

determin~ if :further remediation was necessary to protect human health and the ~nvironment. 
. . . j 

The result$ of the human health. risk assessment indicate that potential noncarcinogenic health 

risks arebelow levels· of concern for occupatitnal and recreational (trail user) ~cenarios. In 

summary, the VCA was successful in removin~ the source term for the volatilefconstituents, 

and reducing co~centratlons of lead and mercury in the soil to concentrations brlow levels of 

concern, therefore SWMU 3·010(a) is recommended for no further action (NFA). 
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1.0 tNmooucnoN 

This report presents the ra,ults of the Resource Conservation and Recovery ~ct (RCRA) 
' .. ' j ' 

Facility Investigation (RFI) for potential release sile (PRS) 3·010(a), a former vacuum pump 

repair shop \at technical area (TA) ·3, the main technical area at Los Alamos National 

Laborato,.Y (LANL). Included Jn ttlis report are summaries of Pha~e I, voluntary corrective 

action (VCA}., and Phase II aCitvltl"' at building TA·3·30; ana,ysis approach: data a8seument; 

risk assessment: and alte;.p.;:~1fic results. conclusions, and recommendations for 

PRS 3·010(a~. M~re _precisely; .PRS 3·010(a) is solid waste management unit (SWMU) 

3-010(a). \ 

i 

1.1 Background 

SWMU 3·010(a) was used from 1950 to 1957 to dispose of used vacuum pump oil from the 

pump repair area in building TA•~30 (Fig. 1· 1 ). Coot a minants in,the oil included radionucfides 
. . . J· 

and metals, .particularly mercury. Tbe disposal site is approximate'y 40ft 'long·by 15 ft wide and 
. ' :· • . . f. ~ . 

is loci:tted on a mod~rately ste'ep·hillslde on the western margin 9.f TA·3. As shown in Fig. 1.2. 

· the site is boun~,ed .on 'ihe eastby.bullding TA·3·30, on the west:by a primitive road (currently 

'used as a recreation.al1oo~paih)~ . and on the north and south by ,small thickets of ponderosa 

pine, pinon pine, junipe~, and scrub brush. A surface water drainage transects the lower quarter 

of the site and flows down to ·the eastern edge of Twomiie Canyon, which drains west

southwest to the Rio Grande. 

1.2 RFI·Phase I Activities 

Five preliminary Soil and sediment :samples were collected in 1992 to identify the potential 

. :c~niaminant~ of conc~rn (P¢'oc~) ':lor · SWMU 3~010(a). Laborat~ry ~nalysis revealed total 

mer~~-ry leve1s from 0.002 ~~~;J~ ·1ess ·than 2: mglt<g in all ~~~; samples; however, all five 

. : ~~pies were,'te'ss the~ . 0."025 irigtL f~tmercury TCLP~analysis. One sample also revealed total 

.. -petroleum hydrooarb()ns: ~P.tfl ~t-'~i) .oo mg/kg. Theanalyte list t~rthe 1993 Phase I sampling 

campaign was bas~~ - , -~~r _ttles~ ires9tis· .. which !ndlcated that iin~rcury was the principal 

... ~. con~aininant of co~4~r~:_a~~ ::th~~~~/:J:eft· :~a.s :a . RCOC. Detecte~~b'ncentrations of organic 

· · c:Onstituents,' incl~di~g'P6'1yctl~rlnat''d'.biphenyi$:(P9B~) ,were bet~W1:~vlronmenta1 Restoration 

.. <~ll) .: Project ·scr~enin~~~ctl~n~;!_~~~~~/(sALs), 'arid .. \,'/ere ther~t~r~ -omitted from the 1993 

. > sim~ling cam~~lg!l·: ~~~~yt~{ti~t:.f~M~~i~'~:.the;-1~92' ·s~mpling.~,t~NL and th~ New Mexico 
· .::..:·· -;.: ; .. ~ "; "'- :-~";.- . ~·· ~ -: . _. .. c':'· '. ~ ,•. ~~--- .' ; ··· · .•";: :., • · ~ 1 -- - ~ .. ~· ;; "~ir'~·.: .. /•- ':. · . . · ' , · :• · 

··:· ,£(\vironment Depai1f!t,e.9t' (NMt;or~~~@c~ Wa•er Quality Bt.ire~u·of the Water Quality Control 

· ., :?~m~is~i~n ent~r~~:;-j'f~~ - .~n: :-~~f'~,~nt .. to r~mb~~ all mercu~-c~~taminated soils to a 

co.nc.entratton of 20 PP.'!' ~~nd TPJ;f-contl)lmsnated sorts to a concen_trahon of 100 ppm. 
. • .- ~~ . -:· ~ • • • . . ; . • - :·1 ' ' 

·.< 
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The Phase I sampling plan conducted In 1993 was designed to determine the horizontal and 

vertical extent of mercury contamination in the soil, to define TPH conc~ntratlons around the 

site, and to determine tf water quality standards were being exceeded from runoff at the site. 

A sampling grid· was establish~d over and around the visible erosion chanrtel, Including the 

area of greatest contamination (determined by 1992 sampling results). Composite samples 

were collected from each of the ten rows and columns of the grid and analyzed for total· metals, 

TPH, and radiological constituents (plutonium-238, plutonium-239, tritium, and ceslum-137). 

Discrete samples were collected from 42 grid points and analyzed for total mercury. Six more 

samples were collected from the downgradient elevated metals area [determined by x-ray 

fluorescenc:;e (XRF)l and submitted for toxicity characteristic teaching procedure (TCLP) 

metals analysis. Surface water samples were collected from the stream channel below the site 

during three separate storm events and analyzed for; total and dissolved metals, TPH, tritium, 

isotopic plutonium, cesium·1·3l •. 7, and gross alpha, beta and gamma radioactivity. 

1.3 VCA Ac:tivlties 

The VCA at the SWMU 3·010(a) site consisted of removing the soils (engineered fill placed 

during the construction of building TA-3-30) within the grid area described in the Phase I 

sampling campaign. Removal of the soils occurred in three separate lifts and was intended to 

segregate specific ·contaminants (mercury; low-level radiological constituents cesium, 

plutonium~238 and .,239; higher levels of tritium; and TPH), thereby minimizing the quantities 

of waste soils having special disposal needs. Following removal of the third lift, confirmatory 
. . I 

samples for mercury and benzene, toluene. ethylbenzene, and xylene (BTEX) were collected 

from the SQil and/or tuff remaining at thJ bottom of the excavation. Mercury concentrations in 
I . 

the soils .after lift two were below SALs. However, the volatile organic compound (VOC) 

analysis that was done in lieu of BTEX analysis revealed the unexpected presence of VOCs 

other than BTEX-h3ecause the extent of VOC contamination was not known and the presence 

of VO'Cs created mixed waste problems, the VCA could not be completed as a final remedy for 

the site. A Phase II site investigation work plan was written and executed in 1994. 

1.4 RFI Phase ll Activities 

i 
j 

The Phas~ l~ site investigation was conducted during September and October 1994 in the area 

surrounding:the open excavation created by VCA activities. The primary objective of the field 

investigatirih ~a~ to det.ermine the subsurface concentrations of VOCs, TPH, and tritium and 

the area ~lgnificanUy affected by these constituents. Field activities consisted of preparing the 

site for ~ea.yr .eq~ipment use, which included backfilling the excavation with clean fill. A 
. ' ~- ~<:(.~ ·~:{~~~~: ~· . . . 
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bentonite layer was applied to the excavation before the excavation was backfilled to Inhibit 

water from percolating through the site. A soil vapor probe survey was Implemented, followed 

by a drilling and sampling program that was based, in part, on the soil vapor data. Seven 

boreholes were drilled, one used as a monitoring well and one used to ob~tn · geological 

characterization data. 

2.0 ENVIRONMENTAL SEnlNG 

2.1 Climate 

The Pajarito Plateau climate Is characterized by a semiarid, temperate mountain climate with 

summer temperatuJa·s typically ranging from a low of 50 degrees to a high of 80 degrees . . 
Fahrenheit during a 24-hour period (Bowen 1990. 0033} . Winter temperatures generally range 

from the teens to about 50 degrees during a 24-hour period. The annual precipitation on the 

higher-elevation, western partion of the Laboratory in the vicinity of TA--a-30 is about 18 in., 

with much of -he precipitation occ_urring during summer rain shower-Sin July and August. ~unoff 

events occur duri.ig.these brief, intense summer th1,.1ndershowers and also during the spring 
·. ,. 

snowmelt, causing. intermittent streamflow in the nearby canyons. 

·2.2 Geology 

The bedrock at the· site is Bandelier Tuff, a 1.2 million-year-old ash-flow tuff formed by gas-

. charged ash eruption• in the Jemez Mountains. Although the Uftf was formed by eruption of 

numerous indfvidualfiow units, groups of·flow units that eruptect~ea{· the same time tended to 

ci>ol as· sing I~ cooli,Qg-:4inits. Hence, the tuff consists of a smaUe( nu'-'ber of cooling units than 

eruptive units;''The te{TlPerature of the cooling units and the :hate 9f eooilng controlled the 

· ~egree •of welding .~(fusi.ng the-.ind.ividuar hot, glassy ash parti~'ie$- :o~~·r the weight of the 

depOsit), porosity; permeability, and- mineralogy of the cooling ·unlts. Thus, the cooling units 

rather than primary flow units dominate the physical and hydrologic properties of Bandelier 

Tuff. 

· SWMU 3·010(a)-- is probably located on cooling unit four, a d~~~ly welded unit of the upper 

. Bandelier Tuff; altholigti detailed m'pping of flow units within Bandeifer Tuff has not lxaended 

to· this site> Sorl:ie<iai~~~ and :v.ertl eal variability in ·grain size a'rii:S -~lher mineratodicat and 

phy~l~l properties ~~- .~~esent withlh unit four due to inhomog~ri~itie• in flow andlol cooling 

.. pr~perti~s a~d secon-~~:& alteratlon:Unit four is an estimated 25t'~~o ~'thick at TA-3- 0 based 
.... -· . . ' ... .' .·' ·::··; .. ::· · __ "::" ... :~;_:: ~: · ~ 

.on · extr~polationcof-"6xistihg mappin'g· and on a cote hole located about .320m east of SWMU 

3-o1 ~o(a) -(~ard~~r '' ·. · 993; '084:~~: 
. ~--~-_ . !'. :·.: • .. :. • • • ·• • ' '- .. -:-,_ -~·-: . --·:' ;~·.:'" .. 
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2.3 Hydrology 

' 2.3.1 Setting 

The main groundwater aquifer beneath the Pajarito Plateau Is located about 300 m below the 

mesa top at TA-3 and Is not relevant to SWMU 3-010(a). The local hydrology Is controlled by 

the geomo,.Phology and local cOnstruction history affecting buildings adjacent to SWMU 

3~01 O{a). The site is located oJ the east side of a small drainage, a tributary of Twomlle 
. c. . • 

Canyon, which cuts across 1he mesa. Prior to the construction of TA·3·30, part of the mesa 

surface wa~ ~x~vat~ andregrJded to provide a level building site. The site was enlarged by 
. . J 

filling part of an arroyo~ presumably with rubble (mainly crushed Bandelier Tuff) derived from 

the excavation and reg1~ding. Th~s. a portion of TA-3·30 Is located on fill in the former drainage 

(Fig. 2·1). 1 l ' 
2.3.2 Surfaco -~· , 

SWMU 3·01 O(a) is located in the upper part of a smallttibutary drainage to Twomile Canyon. 

The drainag~ d!vide;batween Twomile Canyon and Los Alamos Canyon to the east is located 
. " . J 

on the top of thermesa approximately 70 m east of SWMU 3·010(a). The natural drainage 

(i.e. : prior i~~ const~u!tion of TA-3·30 and other buildings on this site) is shown in Fig. 2-1. 

Because the: source t!rm for SWMU 3·01 O(a} was removed during the VCA, surface drainage 
. . . . ' at the site is not exprted to carry PCOCs to areas downgradient of the SWMU. 

Leveling and regrading the site and construction of the T A-3-30 and other buildings, have had 

three major effects on drainage at SWMU 3·01 O(a). First, much of the drainage from the paved 

parking areas and all drainage from the roof of TA-3·30, now drains into the small tributary 

canyon, and,muc'h 9f it directly onto the area of SWMU 3·01 O{a). Thus, the drainage divide has 

been moved ·east of its natural (pre-construction) location (Fig. 2·2). The maJor effect on 
. . . t 

drainage isJrom the roof ofT A-S-30, which has an area of approximately 9 900 square meters. 

Approximatefy thr~e-quarters o~ the building lie east of the natural divide, but all roof drainage 

flows to the :·w~st. Thus, TA·3-~0 increased drainage into the SWMU by about 7 425 square 

meters,. In -addition, all the parking area north of the building and some parking area south of 

T A-3·30 ~uch of ~hich previously lay east of the drainage divide, now drains to the west and 

into the tributary cahyon. 

~ 
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2.3.5 Hydrologic Model for SWMU 3-010{a) 

Although a perched aquifer within the tuff is possible, the presence of a major perched zone 

Is unlikely. Some evldeke supporting this conclusion Is provided by borehole ~HB·2, located 

about 320 m east of SWMU 3·01 O(a). The borehole's wellhead elevation is a~ 7 436 ft and the 

hole was drilled to a depth of 61 m but no water was encountered. If a perc::hed zone of 

significant lateral extent 6 to 8 m below the mesa top was present, the borehole should have 

encountered water (Gardner et al. in press 1993, 0848). 

Alternatively. it Ia more likely that water observed In the boreholes and at the seep results from 

surface runoff that infiltrated the alluvium of the filled channel and the shallow bedrock. As 

described above, large quantities of water run off rapidly from TA·3·30 and the surrounding 

area during precipitation events ~ The water is directed into fill material of the paleochannel, 

where it probably percolates downward until it encounters the upper surface of the bedrock. 

Precipitation that infiltrates directly into the bank and through the paved areas above SWMU 

3·01 O(a) is stored in, and eventually drains through, the fill material of the paleochannel, 

coming to the surface as ; a seep. Also, the water infiltrates fractures in the surface of the 

bedrock. Water in boreholes 84 and 86 was encountered in the fill at or above the bedrock 

interface. Borehole 81 is located very near a low point in the pavement that Is above fill and 

adjacent to TA-3·30 (Fig. -2·2). Water in borehole 81 is most likely from surface runoff that 

percolates into the tuff through fractures that were observed during excavation and coring. 

Water observed in the boreholes is significantly above (approximately 5 m) the elevation of the 
I I . 

seep. · 

Site development has dramatically increased surface drainage into the small tributary (and into 

the paleocanyon) where SWMU 3-010(a) is situated. Thus, water observed in the boreholes 

and in the alluvium of the drainage most likely derives from this increased surface runoff and 

from bank storage, and has no hydrologic connection to any perched aquifer (if present) . 

Moreover, the water is ephemeral and depends on local precipitation. The drainage is not of . 
sufficient volume to constitute a usable resource, and is therefore judged not to be a significant 

exposure pathway. i I 
2.4 Plant and Animal Communities 

Southwest of TA·3·30 t~ree ~ajor plant communities are evident and each has a number of 
t 

habitats supporting characteristic fauna. 
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Mesa tops at this elevation support a ponderosa pine forest typHied by ponderosa pine, 

Gambel's oak and Rocky Mountain juniper overstory. Bearberry, barberry and wild rose typify 

the shrubs, along with the mountain muhly and pine dropseed grasses. This community 

supports characteristic fauna such as mule deer, Abert's squirrei;Steller's jay, montane vole, 

deer mouse, and plpistrelle bat. Threatened and endangered animals that regionally nest or 

forage In the ponderosa pine forest habitats include the meadow Jumping mouse, peregrine 

falcon, northern goshawk, and spotted bat. 

The north facing slopes at this elevation support a mixed conifer forest community. Douglas fir, 

ponderosa pine, white fir, and limber pine are the predominant trees. Bearberry and Gambel's 

oak are the major shrubs, with junegrass and pine dropseed the major grasses. Characteristic 

fauna Include the elk, mule deer, red squirrel, and mountain cottontail. Threatened and 

endangered species that regionally inhabit, nest, or forage In the mixed conifer forest include 

meadow jumping mouse, Jemez Mountains salamander. northern goshawk, and Mexican 

spotted owl. 

The canyon bottom in Twomil~ Canyon south of TA·3·30 has a narrow, dense, shrubby riparian 

plant community. Since theiavailability of water is a limiting factor for plant and animal 

distribution in the southwest, 
1
the presence of an intermittent stream creates a complex and 
~ . 

diverse habitat which combiries plant and animal species from the ponderosa and mixed 
I 

conifer communities along with the distinct deciduous plants and water-loving animals found 

along streams. Riparian ~reaJ in the higher-elevation, western portion of the Laboratory are 

characterized by dense siand~ of Gambel's oak. dogwood, currant, barberry, cliffbush, and 
I I . . ' raspberry shrubs along narrow corradors at the bottom of steep, narrow canyons. The Jemez 

Mountain salamander (an +ndJngered species) is attracted to deep, cool canyon area\ at this 

elevation. The black bear ~n f~lequently be found foraging in the riparian areas because of the 
! I 

excellent cover and food availability. A mountain lion den has been observed in mid Pajarito 

Canyon to the east of Tworrlile danyon. Because human access to these deep and undisturbed 

canyons Is restricted , sensiUve\habltats remain capable of supporting these larg; predat~rs. 
l ; 

3.0 DATA ASSESSMENT AND ANALYSIS APPROACH l 
i I 

3.1 Summary of Quality Ass~rance/Quality Control Activities 

1 I .1 

All samples collected during Phase I, II and VCA activities were submitted with chain-of-

custody documentation \o th~ sa~ple coordination facility (SCF) or to the mobile chemistry van 

\ 
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TABLE 3·1 

SUMMARY OF QAJOC ACTIVITIES 

locAnOICiQT SAIIPL£ 10 SAMPLE T'rPE 

03·1 761 1 .v.B20u Sof~S..~ICI (ttan..O) 

OJ.t251 I .V.B201S Soi~Su~ICO (ttan..O) 

.V.B2018 r ~S..ntct (ttan..O) 03-1762 

~ .V.I!2018 -Surtoco (ttatt..O) 

03·1763 

~ 
AAB201 7 I 8oi~Su<lt.,. (ttatt..Oj 
.V.B2017 Soi>Su<IICI (ltlr1..0) 

j£ Ill Wol. SM-30 

fill Wol SM-30 

fiiiWtl 5,.3.:1 
EIIIWil 5,..30 

EtiiWII, IM-30 
jEaiiWti.SI,I-.30 

LOCATIO'! 

---
03-2660 .v.C03Srr __ Soli Jw ... "' TA·:J-30 ~ arroy 1"""'0" '"'"' .. ao ....... 1 

I,Bo,.hOIO 1 03-1ti6t 

~ ::-r- : 
0)~1664 .v.cmse I Soli jWHt o1 TA·wcl ~ anty !"""'Vh '"'"'"· 8-hOio 
~ 
~ 
~ 

~- Sool 

MC0059 Soli 

MCOtiiO SOli 

• .U.~St Soli 

03 ·~• MC0t57 Soli 

01·2~4 SO:: 
C 3 · 2~6• Wit;, 

o3-1se• ---~ MC108t I w~:•! \.JQu-4 ft~~•r. ot '!"A·l· .)C. It\ • •• , t"!~ .. ;'"· •~"''' e~.,"'r.e , 

j!l~-. .oo.o .. z 

\I,J';L";J"'I;' ~ .......... <NO 

~J - 2"1e' MCC>4&J Sc11 ·eor."'<> .. 
Ol·2~~ Sr.•l oo ... r-.o• 2 
oJ-1ti6> So" . eo .. ,., .. 2 

CJ-1ti6~ I AACOOM I sou j e ... ,.,,,., 2 
0).256> MCOC&7 SoU 90tOr.olt 2 
03 · 266~ Scu OOil,ho'l-2 

Ol·26ES Solt Wttt Of SM·30. Soreno• 2 

03· 1ti6~ 

~ 
~ 

03-;>ti6~ 

~ 
~ 
"03-'iiU 

C:l-2666 
~ 

03-256'1 
;::.).(!-60:. 

~ 
~ 
~ 

C3·26h 
I C3·~~~ 

~ 
~ 

MCOtQO 

""'Mc.iiCii 
'"'McOm 

MCOte:l 

~ 
""'Mciim' ""McOO .. 
~ 
'"Mcii4l 
MC0500 
--..c.o50i 
~o0502 
~ 
~ 
~ 
~ 
~ 

MCOSOS 

~ 
MCOS10 

Sore w ... of SM-30. ecw.hOIO 2 

Soli Wol1af SM-30. ecw.""" 2 

Soli Wootaf SM-30. ecw.hOit 2 

Soli Woot of TA-30. BonhOit l 

Sot! WtllafTA-30, Bon-3 

Sol Will 01 TA-30. BonhOiol 
Soli WHI of TA-30. 8otoh010 3 

- WtllafTA-30.Bo-ltl 
9o1 Wtll of TA-30. Bonlroll'3' 

Sol1 Wtt! of TA-30. 8otth01t l 

Soli WHIGITA-30.-Io3 

Sou JWHtOITA~. Boterw: .. l 
S.,tl I Well (It tA..,'O. 8ort~le 3 

So•t Wnf ot TA..JO. 8orehollel 

So< ww. or TA-30. Boro"';o 3 

SoH Wn1 of 1 A~O. SorthOie 3 

~~tl Wttt ofT A..JJ. 8C"t~tt J 

51!•1 IW..Jt Of iA..).O, S.:re'"O• 3 

Se;: w., or TA..30. e=~·~~ _• 
Soil lwttl of TA.JJ acrt"''ti4 

ANALYSIS 

Hg' 

VOA1 

22.. 
~~ 

....!1. 
~VOA 

VOAITPH' 

T-
T,ii;j;' 
~~PH 

T'!kl~ 

~ 
~ 
~ 

........._ vOAiti'li 
~ 
---vcr-

'! ~!'~!n :a~'"'IOr .. Q"; 

V=A,i'PH 

VO"''iP" 
VOAITP~ 

~ 
~ 

VOAITPH 

~ 
VO.vTPH 

~ 

';'tlt:um {a;=non;qf 

Trftlum(a~ 

Trtltum(O"'"""'q) 
vcwn>H 

""VoAiTPH 
""VoAiTPH 
"'Yoi:i'iPH 
~ 

:::voNTPi1 
vo;m;;
vo;m;;-

VOAITPH 

~ 
'"ToN'i'PH 
VoNi'PH 

Tt!! ium(~J 

Tr,tllm(IOJ'I"Qneo) 

~f~I .J!I'\ (lq/I"'IC)n,Q) 

~Q~'!~H 
~~1-PM 

-

R£Outsti-TOuAUlY COKTAOL C:OWIIEIITS 

173;7 jocRnullllftl*ta-~ol-nld 

1 73;e S.mplt diUioft (lor Ngll TCA') - ·.r flt!lt'lor 4 ontft'IO 

7307 OCR--1--d-YIIIrl 
7301 SlmpltciMioiiiiOflllaiiTCAJ-'Jtegolaf4 .. 1yM 

7307 ,oc.._....,_lrnll:al-nllrl 
73111 Slmplt- 'orlrfaiiTCAI-\I'tegolaf4 .,.l!'ltt 

201u joe~""*' ......,..lmfll; .. _ n11r1 

20250 ,OC_IIftl*t_lmll:tl-rlllrl 
202SOOC"-"''IIII*t-lmfll;al-rlllrl -- -·- ---1om loc ___ .,ll:tl-.. 1111 
202SO OCR--t-lmll:tl-nllll 
20143 TCA-obor-n afNIMNrj 

201a] OCRatuiO_o_l'nlll;tl-nllll 

109~5 1 ........ ··-I'd ............. Gila ..... led w 
201•3 TCAot>ovoborcaltlmblt 

2001 3 IOnoblnrlOCtomplt 12%.,., 11q1100411 .. 11ttfiiiiiiO'I'J 

: -;~w '"''rnaltCencsatd ,,.., tow. •• ct.ta queffJed 'J « 'UI. 
TCA obo¥ehorca-loftro of-... 

~ to so Tc.\ .t~oot• hat cae.anon ranoe- Cll( ...,~,., n.oo.ct 'J 

10060 1C4 ai>Owe ..... aroe ... tlonrtl 
20068 
2006t 

200e8 IOCR--•-Imll:ol-•11111 

~g oc -""*'·-... 11:··--
200&2 IC)CRftiilo __ lmll: ··- .tllrl 

200a2-=-~------- 11111-.rrtoggtG 'J 

-mfe 
20011 

080 
200ii -'mei' 
200ei 
200ii 
100ii' 
no;& 
2'-015 

rna; 
20081 

-- 5 .. __ -------· .......... 
iiMiiiiiWiii 

rlilrnlil: 
:iiiiiiiii' ----taotllllmll: 
i'iiiiiK 

oc-~~-
ocR--•-
0C RHVIII--Imll:d-.. 1111 
0C R-IO llftl*t 1- lmlll: ol- nllll 

I'J 

G'J 

0... Dllnll 0C 10mpll12% ""'· ""'"""'•olltl ft190tG 'J 
O...btlnd0Coott101t12%.,_ --I ()no • • ,.., oc .. ,.. 12% -.·equOooil 
Ht;"' tuiTOOit• rwccwns. no ~etectt. ro Que~'«)rs 

IOCIIOJur:o""""' UOW!Iblt lml!l: olelata '"!lei 

--

::>:: ..,.. 
~ 

?= ..;: 
c 
4 

t.-) 

-~ 

~ 
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TABLE 3-1 (CONTINUED) 

SUMMARY OF QAJQC ACTIVITIES 

LOCA>lOH 10 SAMPLE 10 SAMPL£ TYPE lOCATION ANALYStS 
032667 MOOS II So·l Wtttof TA ·30. Boftho&e C YOAITPH 

03-1667 M00$12 So·• w .. t of 1 A.JO. BotehO:. • YOAITPH 

03-7667 MOOI<V So•l Wttt of TA.JO. Sort~'- c YOA 

03-2667 MOOI$0 Soot Wffi of TA-30. Botoholo 4 YOAITPH 

03-2667 MOOI$2 So~ Wffi ol TA .JO. llo<oholo ' Tra.vm(I~Nq) 

0)-M67 MOOIS& Wattr . Lq.:td WHI ol TA-30, Bottholo • Trthvm(a~ 

Ol· Z6t7 MOOI$1 Watel wm of fA.)(), Bor•hO"' .. VOAITPH 

Cl· JI67 So·l W"1 of TA.JO. BorthO'e 4 
C)-~667 So.t Wt_, of TA-30. 8ofth0'- c 
03·:'661 So•! . W tt of TA-30. 8orth0te S .;~. V0AJTPH 
.Cl: l6U - · So•t -..-, Wttt of TA-30, 8ot•M• S VOAITPH 

OJ.:ota I M0015$ I So•l IWnt ol TA-30. 8o••P>olo S I YOAITPH 

0)-C666 I MCOIS• I So•f IW••tofTA.)O. 8oreho .. 5 I \'OAITPtt 
Ol ·2t61 1 MC0860 I Soli IWe•t of TA..30 So,•"<~'- S I VOA.ITPH 

01-au 1 .v.coes1 I So•• lw•ttof TA. lO. Bo·•l\n• s 1 voAr.PH 

0)·;661 I M00162 I So·• IWnt .. TA->0. 8o••.., .. s I VOA/TP'1 

0.).1668 I MC08U I So·• rw .. , ot TA ·lO. Bo••ho• s I YOAITP,.. 
Cl ·141;6f I MCCIU I So.t IWe11tot TA.JO. Bore~l.e 5 I VOAt TP,.. 

QJ. ;-661 So•• Wltlot TA, .JQ 8ot•"'e• S vOAJTP1>4 

Cl-2561 Sc•l W•tt ol TA.lQ. 8C'Itt"'<.tle S VOA/TPM 

01·~15611 I MC0861 I So•l IWt•t of TA .Y.J . Ao· t~'- S I 'ti"Af!Pw 

REQUESt I IOUAUTl COilfl!OlCOIIII£HTI 
~81 IOCRoeub-•--.ol-velod 
20011 IOCRooub-olo--.al- .. lod 
20081 IOCR .. ub-•--.al-voicl 
~~~ IOCR .. u .. _a_...._al-veicl 
~11 IOno bind OC_umpll t:!% ..... .qu...,-...... "-<!'J 
20018 IOnoblnciOC_ ........ I:!ll.low~•~""~'J 
20071 I Hlgllllltnl~· ............ .. dol-llagoo4 'J. 

1'CA lfd Tel' A-.............. __11r90._ 
zoo,• le>nt b6ncl ocNtrplt 1ft.bw • .,..,......,_..,..,,~_ .. . .... 

__ 200tl .~· Oni-OC~I:!ll.low,-voi.M~'J 

20011 loc AMub......, ·~ lmlll': •• dN "*5d 
20071 ~ IUft>VOII -l'f· ""d ..... fW ~-
2007' IOC .u .... wtNo1 aaow.bll ~lr. al MIA 'l'lld 
2007$ IOCRHultll.....,eaoWabaftmilir.ail~· ... w 
2007S IOC R••vlta wi\Nn elowtbl.limM; II data ••lid 
2'007$ IOC Rea"lte wtthin eloWabt. ~: 11 data wtlcl 

2007S IOCRHula-•--·•-••lld 
2007S IOCRII•Ia-elowobll""ltr.•l-vaid 
~75 IOC A .. ~,~ .. ..,_, •~'- lfnl".r. 11 ct.ta v•hd 
200 n I OC R••w• ,...,_, • .,..... .. lm .. ; a1 _.. w•t.d 

2'0076 ltf'IIIII'NI-'enclard .,... ~~ .. -~~no-~tll. qvaM'toa!lelrt 
2'.:07S 

Cl ·;'&U MC01!16D So•• Wttt ot U. -30. 91'"flhote ~ T•••Uf"\ t•Q#t"'"'8QI XIOll 0..... blw'ldOC ••"'P•12""'o low; ~YtiY .. fl 'J 

Ol·~~U .V.COUO ~·' -~ · -- '!"'•••ootfA . )~ (\., .• -..,,., T,ot,.,..,(•'l'"t'"'"'lt ?QOtt One~"CfOC••"'C)Ie'~lbw . ..,._.wttweett~ ·./ 

!~f; f, t Mton11 So•• ~••• or TA lO fJ""••"'ol• ~ ,,,.,.,..,. t •Q""'(""IIiloQ) lCOtt ~blond 0Caalhp .. ,t'Wt low. aquao.ew•luMfttOOaoCJ ./ 
~&,6; A..ACO·t10 »• S~•c. ump•• ••tt tdfl ot t flt"~~U HQ 1'0Ut a; R•tv,_ wtthrt 11bW'IbS. ltf\lr.; AI de'A walliS 
· :1;!".:": MCI:J.471 1 ~~~ Wttlttdeoflti"'CI •eco"'diiiQfrOI'fltO >J!t\ HQ 20$lt QC:Aetu ....... e~Jrftii: .... Veld 

Ol·7<7t 1 M00472 I So•t ISv~eceu.,.pl••••tsdoott•""• I "''I I 20$3t locR ..... -.-~~~- .. icl 
Ol·1<72 1 M00473 I So• ISu~ooooomol•-stodoollonco I I"; I 20531 IOCRMula_o_ll~ll-vold 
OJ-7671 I MC0474 I Soot _ISurf'ac._e~...-.t1t6tofle"'C• I t-4; I 2'0Slt IOCAHv•~•lo....,_~ .. dttliYeld 
Cl ·C'-14 1 MC047$ I Soli ___ fS~otlfaot .. nyt••••ttdeotl•ne• I ~ I 20$31 IOCReewle~al::.twMJIIIrftall:al_..nld 
Ol·7'l7$ Sa•l Slotrlace ••""P'• welt t.:JI; ol f1nc1 OC R"" .. ~ .......,._lmlll; el .... -.ld 

l-- .... 03.2~7t So.J SutfaOtta"''"Nwelttideolf•nc-• OCAtwta_.....,_..,_..._ddlllwald 
03-;?;77 1 M00471 I So.t IS..•eoeumplewest_l;csa_olloN:o I Hi_ _____ L_205l_t_jOCR __ ~....,__.tt~al-nld 

Ol-1&71 1 M00478 I Sod ISv•~umplowootedoollorct I Hp I 205lt IOC---~11-nicl 
03·2<78 I Moot72 I So;t IWootoiTAo30, 9of...,tel I YOAITPH I 20011 IOCR--•-~11-ntd 
C3·1!70 I MOOI73 I 9ool IW•st 01 fA-30, 8ortll01o t I Yo.vTPI< 1 ~11 IOC 1\eeu ... wllllo tiioWoliillittllo; lttliilovllld 
Cl-2<70 I MOOIU I S..t IWootoiTA-30, 8or...,lot I VOAITPH I 20011 IQc:Reeu ........................... ...., 
cHt~o 1 Maot7s 1 Soo~ lw .. toiTA-30. eo .. ~~o~oe I vo.vTPt< I 20011 _ IocReet..,......,.......,.._~OI-voicl 
03-2670 I Moot71 I 9ool IWootoiTA-30.1!oio ....... 8 .---· ___ 1 VOAITPH I 20071 IOCRHulll_o......,..llftto;ltdltll•alcl 
Cl-2610 I Moot77 I Soot IWostoiTA-30, 8ort,...l I YOAITPH I 200H IA-tllllo'*(I~NII-tl ........ 
03·2'!70 I MOOI71 I S..t IWootoiTA-30. Boto-l _j _______ .Y_~_!_H ____ _j_2Q074 __ lA-Nin-.{I_IO•~-,..,.,..In~~fQlro'-<l 
03·26'0 1 M00.7o I So• IW••t o1 TA.JO. eo.oP>olot 1 YOA/TPH I 20074 1-'--'"•'*ttiOugllogt,NII_.,.....,.. 
CH<IO I MOOIIO I w.... IWtttoiTA-30. 8•••"""·--- I YONTPH I 1'0074. , ... ._ .. bta'*l'~--~ 
03-2610 I MOOUt I So~ IW11tolTA..30, 8o•oholoS I YOA!TPfot_ f 20o7• j.\._. ... biailit(t~).Mi.t""""ii'u~-
03·26 ' 0 1 MOOI12- I So• IWHtoiTA-30. 8o•eP>oloS ____ l VOWTPH _j __ 200"-_IAce_,.,.~~---(I_IOu911tvLNII.Jound.lftu ...... 
Cl 11; ' 0 1 A..AC08U I Sool iW•ttofTA.J0. 8otti'IO•t I VOAITPH I ..-oo11 IOCRM\I .. WI1tw'\llo...,._""'-: tldlltl~lid 

a7<'9 I MOOI14 I !\o.l lw .. toiTA-30 llo•oO.OieO I VOAITPH I 20071 IOCRMulla...-.- ...... - ..... 
L !D·n ·• r .u.coau I Sool lw .. t.,.T.t...:)0,80it"-o... I VOo\.'TPl-4 I 10011 fOCR..ub~·~~ow.o~~t~ ... ...... .., 

:J.26't 1 MCOIII I So•• IW .. totfA.J0. 8o••PM)•6 ____ L T'"'"""'(tq""'n~'-- I ~,.,_-_l~_bllnd __ OC_...,.;pa.1~~.-~w..-~_:J 
j " ' ' <'9 I AACGII7 I ~· · IWutoiTAJO!Y>••""Ia' I T·~•"' (oq"'<•••• [ ~l___jO...I>OndOCII'"OIII~Iow . .......... ~.t 
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for analysis. This section addresses data from the Phase II and VCA activities only, since the 

Phase I data relates to soils that have been excavated from the site and have been removed 

as waste. Selected samples were analyzed for target analyte list (TAL) metals by flame atomic 

absorption (EPA SW-846 Method 7420), electrothermal vaporization atomic absorption (EPA . , 
SW-846 Method 7060 or 7760), cold vaporization atomic absorption (EPA SW-846 Method 

7471), inductively coupled plasma emission spectroscopy (EPA SW-846 Method 6010) and 

inductively coupled plasma/mass spectrometry (EPA SW-846 Method 6020). The TAL metals 

include aluminum, antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, 

copper, iron, lead, magnesium, m~nganese, mercury, nickel, potassiu,\,, sele~:ium, silver, 

sodium, thallium, vanadium, and zinc. Volatile analyses were coAducted ~ using gas 

chromatography/mass spectrometry (GC/MS), EPA SW-846 Method 82\o (purge and trap 

method) or Method 8260 (capillary column method) . For the radiological !onstitu~nts, tritium 

analyses were done using liquid scintillation counting, plutonium isotopes Jere ana~zed using 

alpha spectroscopy, and cesium·137 was analyzed using gamma spectro~copy. \· 

A summary of all the quality assurance/quality control (OA/OC) results for Jach sam~le can be 

found in Table 3·1. \ 
1 

Eighteen samples were submitted for metals anai )· ~IS . Two of the 18 samples were analyzed 

for TAL metals, 13 for mercury only, and three for lead only . The mercury and lead only 

analyses were performed under request numbers 17397, 20531. <~nd 20019. Request number 

20020 was submitted for TAL metals . All quality control parameters for these requests were 

within allowable limits and all of the data are usat.:e without qualification . ' 

\Thirty-five samples were submitted for radiological ;;:1alyscs. Nineteen of the 35 sam les were 

:analyzed for tritium only and 16 samples WE'E: analyzed lor tritium. pluton um-238 , 

.plutonium-239, and cesium-137 . The tritium was analyzed under requests 19655 20013, 

!20016. 20017,20018 and 20250. (In requests 20013, 20016,20017, 20018, and 20 50 both 

\aqueous and nonaqueous tritium analyses were pe: •formed). Requests 17221 and 20 22 were 
{t . . . I · l \ or tritium, plutonJum-238, p utonlum-239, and ces,um · 137 . For request 20021 . samples were 

analyzed for tritium and cesium-137 as well gross alpha and beta activity . The only )equests 

wilh OC dil!icullies were 1722.1.20013.20016.20017 ond 20018. \ 

in request 17221, the cesium·137 value lor the blind QC sample was 30% high and therefore 

outside allowable limits . Because of this, the cesium-1 37 values are qualified as •J,· estimated 

values . The data may be biased high. as indicated by the value for the QC sample . Because 

cesium·1 37 values are quite low, the qualification should not affect usability of the data . 

RR Report for SWMU 3·010(a) 17 April 28, 1995 

\ 

I 
· .; ;.' 



RF/Report SWMU 3-0JO(a) 

Requests 20013, 20016, 20017, and 20018 were batched together at the laboratory and the 

same two blind QC samples for tritium were used for all four requests. The problem was that 

tritium was detected l;)elow allowable limits In one of the blind QC &amples. The lower of the 

two OC value$ was detected correctly (550 ± 80 pCIII found, 560 ± 15 pCI/I, QC value). The 

higher ac sample (7 400 ± 135 pCIIL found, 8 420 ± 220 pCill, QC value) was approximately 

12% low. The'iow value found for the QC sample was possibly caused by Improper preservation 

of the OC sample (lack of refrigeration/freezing). Because of the QC values, the data are 

qualified as • J: estimated values. The sample data are all lower than the smaller of the two QC 

values and, therefore, the usability of the data should not be affected by the data qualification. 

Seventy-four samples were submitted for volatile analyses under 16 separate requests. Five 

requests, 19968,20059, 20075, 20089, and 21193, had no OC problems and the data are 

usable without qualification. 

For request 17398, the first time sample AAB2015 was analyzed, 1,1.1 trichloroethane was 

outside tne linear range of the instrument. The sample was diluted to get the 

1,1,1-trichloroethane within linear range. In doing so, several target compounds found in the 
. I 

original anal}tsis were diluted out. For this reason, acetone, benzene, 1,2-dichloroethane, 

1,1-dichl()roethene. are qualified ,.. J• for this sample. Ethyl .benzene was detected below the 
: : •' ~ 

estimated quantitation limit (EOL) and therefore is also qualified • J. • 

For request 19925, the internal standard areas for sample AAC0468 were all low (causing a 

high bias). Because· of this, all of the non-detected analytes are qualified •uJ," estimated 

non-detected quantities. Only 1,1, 1-trichloroethane was detected in the sample and is qualified 

J 
For reques~ ,9959; the Internal standard areas for sample AAC0481were all low (causing a 

high bias) . Because of this high bias, all of the non-detected analytes are qualified "UJ,• and 

all detected analytes are qualified" J ."Also for samples AAC0481 and 0482, 1,1,1-trichloroethane 

was deteete~ ·abo_~e the linear range of the instrument. This may cause a low bias for the value. 

The samples .were not diluted and reanalyzed. 

For reque~t. ~ 9965; sample AAC0461. the internal standard areas were Ju1ow (causing a high 
' . ' 

bias). Bec~u.se of this problem, all detected anatytes are qualified •J" and all undetected 

analytes are·. qualified •uJ." 

. I 
In request 20062, sample AAC4089 had several OC problems. The first was that one of the 

surrogates was detected above the upper confidence limit (UCL). Because high recoveries 

~· ' 

'' r:· 
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only affect detected vatu all of the detected values are quaiHied •J.• The problem was 

that the value for 1,1,1-rr•~~~~~~~·un'"'' was above the linear range of the tn.s:tnllmEmr. This may 

The sample was not diluted 8nd reanalyzed. cause a low bias for the 

For request 20064, sampleaAAC1072 and AAC1075 had low Internal standard areas (causing 

a high bias) and low surrogate recoveries (for toluene-dB). Because of these problems, all data 

for these samples are qualified • J• for detected analytes and •u.r for non-detected analytes. 

Also, for sample AAC1 072±. the value for 1,1,1-trichloroethane was above the linear range of 

the instrument. This may Tuse a low bias for the value. The sample was not diluted and 

reanalyzed. ; 
i 
l 

For request 20069, samples AAC0483 and AAC0485, the values for 1,1,1-trlchloroethane were 

above the linear range of the instrument. The samples were not diluted and reanalyzed; 

therefore, the 1, 1,1-trichlor thane values are qualified • J.• The values may have a low bias 

as a result of being above t e linear range of the instrument. 

For request 20071, acetone was found in the method blank at a concentration of 350 ~glkg . 

Because of this contaminati?n, the EOL was raised for the samples in which acetone was 

detected (all were less than ten times the blank amount). Also, for sample MC0899, the 

internal standard areas were low (causing a high bias) which results in the undetected analytes 

being qualified •uJ: Only 1,1 ;1-trichtoroethane was detected in the sample and Is qualified • J: 

For request 2007 4, acetone wls found in the method blank at a concentrati!n of 180 ~g/kg. Due 

to this contamination, the EOLtas raised for sample AAC0878 in which acetone was detected 

at a concentration of 120 J.lg/kg. 

In request 20076, the internal' standard area was high for sample AAC0866. Because high 

standard areas only affect detected compounds and no compounds were detected in the 

sample, no data qualifications \re necessary. , 
For request 20078, samples MC0853 and AACOB56 had surrogate recoveries above the upper 

\ 

control limits. Only detected compounds are affected by the high surrogate recove. ries. 

Because only AAC0856 had detected compounds (1,1,1-trlchloroethane .and 

1,1,2-trichloro-1,2,2-fluoreth~ne), thes~ analytes are qualified •J.• The values for 

1,1, 1·trichloroethane and 1,1,2·trichloro·1,2,2·fluorethane were also above the linear range of 

! the instrument. This may causei a low bias for the values. The sample~ were not diluted and 

reanalyzed. ~ 

I 
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reqiUti'lSt ·:~~~008:1, :,aa.mple A;At~;..Ofi09 :~.~d :two ,surrogat_e rQCOyeries above the UCLs. Hl_gh 

an4act-ae:tec·rea -an~i.vtes and b~~$e.:rio analytes were ~etected in 
, •. ,,,, •. c.,;:··_,•,; ... :· 

rnptea~!{J"t~I~::J,Y.i.!t.Qa ""'·""'u•..v,, 1,Ji;~i.trichloroethane was detected 
': '•"ikt-i-."'·'";;,._F:, .caus.,_•:IO~b,~is for the.valuea. The samples 

· ;1,1·trichi()~~iijin~:~~1ue~ are qualified • J• for 
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Table 3-2 

Summary of Characterization Activities 

CHARACTERIZATION DATA MATRIX RAD RAD TPH voc IN ORGANICS 
ACTJVnY USE SCREENING 

Phase I 
ESHsamples None' Soil )( X X X 
ESHsamoles Nona Sediment X X X X 
Surface soils None Soli x2 X xa.4 
Surface soils SAt> Son xa 
Surface soils SA SoU x' 
Surface water SA Water X X )( 

VCA i 
Implementation: • Biased locations None Soil x2 to ' Excavation soil None Soli x2 I ' Otlsamoles None Sillsoil xB ' I 
Verification: ' Backfill SA Soil X X ! )( 

Surface soils SA son X xa 
Biased samples SA Soil ' X xa 
Biased samples SA son xlO X x4 
Phase II 
Boreholes RA11 Soli £If X , X 
Boreholes RA Sater # X 
Monitor well RA Sater x9 X 

Seep samples RA Sater xll X # X 

1 None = These data are not used in this report. They were used to guide voluntary corrective action 
~CA) implementation 

Cesium, plutonium, and tritium only 
3 Mercury only 
4 Lead only 
5 SA = Screening assessment 
6 Excluded plutonium, cesium, and tritium . 
7 Excluded mercury and lead 
e I =Analysis was done by field test kits or by Infra-red (lA) instrument 
9 Tritium only 
to Plutonium and cesium only 
" RA = Risk assessment 

3.2.1.1 Blanks Comparison 

The first decision point in the data analysis flow chart (Fig . 3·1) is to determine whether the 

constituent is detected at a greater concentration in the analytical sample data than in the 

laboratory blanks. This comparison helps distinguish between site-related contamination and 

laboratory- or field-induced contamination. As noted in Subsection 3.1, acetone was detected 

in laboratory method blanks for requests 20071 and 20074. The EOLs for these samples were 

adjusted, and no other adjustments for laboratory contaminants were needed for any data 

analyzed for SWMU 3·010(a) . 
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3.2.1.2 Statistical Comparison to Background 

The second data analysis point (Fig. 3·1), and the start of the acreenlng assessment, Ia a 

background comparison. Anatytes that occur naturally in soils, Including most metals and SO"le 

radionuclldes, are compared statistically to concentrations In comparable uncontaminated 

soils. 

An appropriate set of background data must be chosen for the statistical comparisons. For this 

analysis, the LANL·wide surface soU samples were used because most results presented in 

this report are for surface soil or sediment samples. The LANL-wide background data Include 

son samples from the A, 8, and 0 soli horizons from a variety of locations across Los Alamos 

County (Longmire etal. In preparation, 1142). The LANL·wide.background soli database also 

includes measurements of total ~ncentrations·(in mglkg) of-uranium. thorium, and potassium. 

These data were converted to activity units (pCilg) by assuming natural abundance of the 

radioisotopes for these· metals. Background concentrations of tadionuclides associated with 

global fallout from aimospheric.nuclear testing (for example, plptonium and tritium) should be 

compared to regional soil concentrations. The LANL Environmental Surveillance reports 

(Purtymun et al. 198'7, 0211; ESG 1988, 0408; ESG 1989~ 0308; Environmental Protection 

Group 1990, 0497; Environmental Protection Group 1992, 0740}t:eport regional concentrations 

of five fallout-related ra'dionucUdes (cesium-137, plutonium-238, plutonium-239/240, 

.strontium-90, and tritium). There·are no background data currently available for surface water, 

so background comparisons will be made for soil and sediment data only. 

The statistical comparisons to background follow the general guidance provided in the LANL 

ER Project policy paper on background comparisons (LANL 199~; 11·1231 ). This policy paper 

uses methods that are described<1n the Envlro~mental Protee~lon Agency (EPA) guidance 

document, •statistical Analysis of Gtound-Water Monitoring Data•.( EPA 1989, 1141). For this 

analysis; the hot measu~ementt~s~~-described in the EPA guida~~-document was used as the 

statistically based screening tool for- background comparisons. The hot measurement test is 

based on the upper. toierance limit (UTL), and the UTL has been calculated for naturally 

occurring metal and radionuclide e»nstituents (Table 3·3). The hot measurement test is used 

to identify which PRS data exceedlhe largest b8~kground values~ The UTL Is defined as the . . . . 

95%upper confidence level oftheG9th percentii~. 'The 99th perc.enUie is a value, estimated 

from the data dlstriblition •. such tha\'1% (tOO to"9S) of the data wl!l 'exceed this va1ue. Where 

the existing background does not permit calculation of the UTL, the maximum reported va1ue 

for that constituent is Used. UTLs were not calculated for analytes that were rarely detected. 

UTLs~ were not cafcu~ted for the environmental sur'Veillance diUa, because the statistical 

S&mple size for these ctata was sma)l (six regionallocatlons). 

I 
I 
I 
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Table3-3 

Upper Tolerance Limits (UTls) for LANL Soil Background Data 

STANDARD un.2 
i SAL UEAN1 DEVIAnON IK,O.IS N' AHAl.m ' N>DI. 4 I (aglkg) (IIOika) (llg/kg) (lltlkg) I 

AUnkun l NA" 19000 13800 123000 47 47 

Antimony ; 32 2.45 0.36 2.56 46 2 

Ataenle I NA I 4 .4 2.5 11.6 48 46 

Barium j 6600 ' 161 129 , 140 47 47 

Betytlium ' NA 1.15 0.75 3.31 47 47 

Cednlum 80 0.39 0.54 2.?41 47 6 

CeleUn NA 5790 12500 54400 47 47 

CeiUn-1377 .. 0.42 0.31 , ..... 79 78 

Owmium {lot.al)8 NA 11.7 7.8 34.2 47 47 

Cobalt NA 15.2 7.6 51 .1 47 47 

Copper 3000 • 5.3 3.6 15.7 47 45 

Iron NA 14500 7320 35600 47 47 

Lead 400 15.0 ; 8.3 39.0 47 44 

Magnesium NA 2920 ! 2150 16100 47 47 

Manganese 11000 343 238 1030 47 47 

Mercury 24 0 .05 0.01 0.16 48 4 

Nickel 1600 I 9.7 5.9 26.7 47 45 

Plutonium-2387 20 0 .0013 0.0024 0.0146 76 62 

Plulonium ·239fl407 18 0.0083 0.0079 0.05~ 88 85 

Potassium NA 2420 1304 6180 47 47 

Potassium-409 NA 21 .6 5.07 36.1 50 50 

Selenium 400 0.43 0.41 1.76 46 23 

Silver 400 NA NA 1.6110 NA NA 

So<ium : NA 5n 453 1880 47 47 

Stronfium-907 5.9 10 .34 0.27 16 29 29 

Thalium j 6.4 f0.27 0.24 0.96 45 21 

Thorium~ 5 , 1.71 0.34 2.68 50 50 

Tritium11 • 810pCllg 0.88pCi/g 0.82pCilg 4.086pCllg 50pCilg SOpCilg 

Uranium12 j 160 ; 3 .41 0.80 5.71 50 50 

Ul'llllium-2349 86 1.21 0.29 2.03 50 50 
Ulllnlum-23511 18 0.052 0.«?12 0.088 50 50 

UIWiium-2389 59 1.14 0.27 ! 1.90 50 50 

Vanadium J 560 25 14 66 47 47 

Zinc t 24000 ' 41 21 101 47 47 

t eoocaf..tration valuos <DL (detection limit were replaced by 112 of the DL 
2 un.. VPPer 1*'anc:e lmlt. 
3 N • ~at Ul\1lleS. 
4 Cl· o.tec:tlon lmlt. 
5 NA • Not avaiable. • 
6 Maxinun value is reported, rather Chan the UTL 
7 Data.,. from the Environmental Survei~ Reports (1974-1990), units are pCi/g. 
8 SAL fcir c:hromiumiU Is 80,000 •g and lor Chromium.YI is 400 mW!cg. 
9 Data we converted from elemental eonoe'ntrations reportad in the LANL background report units are 

i ~ I 
~ . 
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3.2.1.3 Comparison to Screening Action Levels 

The third data analysis point (Rg. 3-1) In the screening assessment is the comparison to SALs. 

SALs are conservative, risk-based concentrAtion levels based on RCAA Subpart S that arQ ' . . used as a preliminary screening tool. Appen~ix J of the Installation Work plan (LANL 1993, 

1 017) provides •n In-depth explanation of how 'sALs are derived. All PCOCs that were detected 

at concentrations greater than background are compared to their respective SAla. If the 
I 

maximum concentration of a PCOC .xceeds its SAL, it is included in the rJak assessment. 

' 3.2.1 A Multiple Constituent Evaluatli : / 

LANL also considers whether PCOC~ should ~e included in the risk asse,.ment because of 

multiple constituent effects. A combination of constituents found in concentrations that are 

near, but do not exceed SAls may warrant further analysis. The multiple constituent evaluation 

assumes additive effects of PCOCs.fand uses SALs to normalize the contribution of 81!Ch 

PCOC that was detected above backgrouna and less than the SAL, to the multiple constituent 

total. If the multiple constituent totalhs less than one, the PCOCs included in the multiple 
I 

constituent analysis will not be considered in the risk assessment. If the multiple constituent 

total is greater than one, then all PCOCs in the multiple constituent analysis that contribute 

more than 1 0% to the total will be i1cluded in the risk assessment. The formula used to 

calculate the multiple constituent total is provided in Appendix J of the lnstallktion Work Plan 

(LANL 1993, 1017).. . . . I t ' 
3.2.2 Ecotoxlcologlcal Screening Assessment Approach t 
A discussion of the requirements and

1 

generic approach for ecological risk assessment is 

presented In Appendix L of the LANl IWP (LANL 1993, 1 017). A detailed method for 

determining ecotoxicologic,al screening action levels (ESALs) was developed ~o determine if 

further action at hazardou~ waste si~eiis warra~ted based on toxicological Jffects\to birds, 

mammars. and reptiles inhabiting the site (Ebinger et al.1994, 17-1219; Ferl nbaugh 1995, 

17-1220). I 
For radionuclides the ecotoxlcological pathways are screened against the human health SAL 

values because ESALs were not derived for radionuclides. Radiatl~n-induced carciAogenity 

has no1 been measured for 1hese organisms (Ebi~ger elal. 1994, 17·1219). \ 

If the screening assessment finds potential ecotoxicological impacts, then a number of 

decisions are possible depending on the size of the contaminated area (as compareb to the 

ranges of the animals inhabiting the area), whether threatened or endangere<t 

I 
I 
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animals inhabit or use the site, and whether the site is a sensitive habitat (C~ss 1994, 

17·1221 ). Further Investigation would then be necessary beyond initial biological surveys and 

screening to determine the current impact of the contaminant and also the Impacts from 

possible remediation alternatives. 

3.3 Risk Assessment Approach 

3.3.1 Human Health Risk Assessment 

The human health portion of the risk assessment follows the procedures outlined in 

Chapter 4 and Appendix K of the LANLI nstLuation Work Plan (LANL 1993, 1 017). fhe human 

health risk assessment process consists~~~ the following four steps: 1) identify tJe potential 

contaminants of concern; 2) perform an ex ·sure assessment; 3) perform a toxicity a sessment; 
I 

and, 4) develop risk characterization. Eac step is described briefly below. 

3.3.1.1 Identification of Potential Contamllnts of Concern 

As stated in Subsection 3.2, the primary ~urpose of the screening assessment i to identify 

PCOCs for the risk assessment. If data c~lected for the screening assessment a}e sufficient 

for completing the human health risk asse~sment, no further PCOCs identification~ is required. 

However, SWMU 3·010{a) required a second phase of investigation to collect additional data 

to support the risk assessment. As a result, data from all phases of investigation need to be 

evaluated and an appropriate data set developed for inclusion in the risk assessment. This data 
.. ! 

assessment will include, but not be limited to, an evaluation of data qualifiers~ nondetect 

results, and frequency of detection. The data assessment results will include J final list of 

PCOCs and corresponding representative chemical concentrations for inclusion n the human 

health risk assessment. 
I 

3.3.1.2 Exposure Assessment I 
l 

' Exposure assessment is the process of quantifying exposure to a chemical by measuring or 

estimating the intensity, frequency, and duration of exposure. The exposure al sessment is 

performed within the framework of a conceptual model that identifies potentiallcont~min'ant 
sources and transport routes, potential current and future receptors, and exposJre scenarios 

d I. k" \ I an routes an mg sources and receptors. A conceptual model for SWMU a·010(a) was 

developed based on results of the Phase I investigation and was presented in 
1
the Phas.e II 

sampling plan (LANL 1994, 17·1222). As new information becomes available, /& conceptual 

model is reevaluated to verify that potential complete human exposure pathways have been 

identified . A complete exposure pathway must include the source of a contaminant that could 

8 
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cause an adverse effect, a poteritial for hjman contact with the exposure medium, and a route 
\ t-

of human exposure to that medium. Using representative concentrations developed during the 

data assessment described atJ,ve, estimates of potenllal chemical uptake (or dose) are 

calculated· for the exposure sce~arios and' routes identified In the conceptual model. 
I 

a:U.3 Toxicity Assessment 

Toxicity assessment is a two-step! process. First, it evaluates available Information regarding 

. the potential for a contaminant to causr a;erse health effects to exposed lndivlduala (h~rd 

i Identification). Second, it estimates the relationship between the extent of exposure an~ the 

increased likelihood (probability or chance) and/or severity of adverse effects (dose-response 

assessment). 
. 

Hazard identification entails determining if a contaminant can cause an increase In a particular 

adverse effect (e.g., can~er) and the likelihood that the adverse effect will occu~ in humans. 
i 

The result of the hazard identification is a toxicity profile that summarizes available toxicological 

information and its relevance to human exposure under current site conditions. Dose-response 

assessment entails quantifying the relation~hip between the dose of a contaminant and the 

incidence of adverse effects in the expos~ population. The dose-response assessment 

results in a toxicity criterion used in the riJk characterization to estimate the likelihood of 

adverse effects occurring in humans at different exposure levels. The toxicity criteria used to 

evaluate noncarcinogenic and carcinogenic health risks are commonly referred to as reference 

doses (RIDs) and slopelaclors (SFs), resptively. · 

Toxicity assessments have been completed by federal and/or state regulatory agencies for 

most chemicals commonly found at hazardous waste sites. If a toxicity assessment has already 

been con4>1eted for a PCOC, then the toxicity criteria included in that assessment are used in 

the human health risk assessment. Otherwise, a toxicity profile is written based on Information 

in the scientific literature, and if possible. toxicity criteria are developed according to guidance 

provided by EPA (EPA 1989, 0305). 

3.3.1A Risk Characterization 

Risk characterization, the final step in the risk assessment process, integrates results of the 

exposure and toxicity assessments into quantitative or qualitative estimates of potential 

carcinogenic or noncarcinogenic health risks. In addition, risk characterization interprets and 

qualifies the results with respect to the considerable uncertainty inherent In the risk assessment 

process and various regulatory guidelines for acceptable levels of risk. 

L . 
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4.0 SITEooSPECIAC RESULTS 

4.1 Phase I RA Field Investigation and Sampling Activities 

Initial characterization of PCOCs at SWMU 3·01 O(a) included collecting five soil samples from 

the erosion channel that marked the center of the SWMU. The sample analysis Information was 

also used to set protective levels for worker health and safety. The five soil samples collected 

in 1992 were analyzed for total mercury; total beryllium; TCLP metals; total alpha, beta, and 

gamma radioactivity; total uranium: isotopic plutonium: and tritium. One soU sample was 

collected where mercury was visible at the soil surface_ and was analyzed for VOCs, TPH, and 

PCBs in addition to the analytes listed above. The 1992 samples revealed one detection of 

1,1,1-trichloroethane (160 ppb concentration) from the 63 constituents In the volatile organic 

analyses (VOA) suite. The 1992 samples also indicated the presence in surface and subsurface 

soil of metals, including elemental mercury and lead; radionuclides including plutonium, 

cesium, and tritium; and, TPH. 

In 1993 Phase I sampling activities, a 50-point grid (5 columns, 10 rows) was established over 

and around the highly contaminated soil determined by an XRF survey and the visible erosion 

channel. Composite soil samples were taken from each row and column of the grid. Composite 

samples from rows one through five were analyzed for TAL metals, radionuclides, and TPH; 

composite samples from rows six through ten were analyzed for TAL metals and radionuclides. 

Because the resulting analysis showed 1high levels of mercury, discrete soi~ samples were 

collected from each of 42 grid points for 'mercury analysis. TCLP analysis was performed on 

a subset of discrete samples collected trbm row 6, columns 2 to 4 and row 8, columns 2 to 4. 

Because radioactive constituents were betected above background, all the materials to be 

excavated and removed from the site in a VCA were handled as low-level radioactive waste. 

However, because metals were below TCLP limits at the site, waste generated was not 

considered mixed waste. All radioactive constituents were at concentrations tess than ER 

Project SALs. Water samples taken during three separate storm events on May 24, July 20, and 

August 1, 1993, revealed no measurable mercury migrating into the waste stream. 

4.2 Voluntary Corrective Action 

The VCA at SWMI.I 3-010(a) consisted of removing three lifts of contami~ated soil and/or 

construction fill . Excavation of the three lifts created a trench approximately 40 ft long by 15 

ft wide in the hillside west of building TA-3-30. The total amount of material removed from all 

three lifts during the VCA was approximately 130 t~ 140 cubic yards. The first 19 drums of soil 
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were taken to the mixed waste dome at TA-54, AreaL for treatment to extract the mercury. All 

other soils were tak~n to the TA·54, Area G 'tow-level radioactive landfill in b~lk. 

Soil samples were collected from the trench after the removal of the second 1J to confirm that 
. I 

all soils containing radloact~lty above background had been removed. Of t e ten samples 

collected, two had levels slightly over background. Removal of the third lift , llmlnated any 
I 

residual elevated plutonium levels in the soils. Additional samples were col cted for TPH 

on-site infrared analysis durtnb the removal of Lift 3. Because TPH concentrat ns varied with 

depth, distribution of TPH In t~e subsurface was thought to be associated witH 

as fractures in the tuff. Field \analysis of samples taken In the sidewalls oft e excavation 

indicated that lateral migration was limited. I 

After the third lift was excavat8d, several soil[tuff] samples were collected fro the bottom of 

the excavation to confirm that htercury was below 20 ppm and that the remain 

did not contain BTEX constituents. Resulls of the confirmatory sampling show 

concentration at the bottom of the excavation was below the mercury SAL (20 

VOC analyses was performed instead of the BTEX analysis. The volatile sample revealed no 

BTEX; however, the full analytical suite showed the unexpected presence of 1,1·di hloroethene, 

1,2-dichloroethane, and trichloroethane. Twelve other VOCs were also detecte in the upper 
... 

biased sample and three VOCs were detected in the east vertical wall s .mple, all at 

concentrations below their resp~ctive SAls. The introduction of VOCs indicated hat the VCA 

could not be completed as a final remedy for the site and further investigations · re initiated. 

4.3 Screening Assessment 

The purpose of the screening assessment is to identify the constituents remaini~g at the site 

after implementation of the VCA and to determine what constituents will be considered in the 

risk assessment. The VCA was implemented to remove a volume of soil that was lnown to be 

contaminated with mercury, leak and TPH. The soil removed during the vet also had 

concentrations of radionuc;ides above background (tritium, plutJnium-238, 

plutonium-239/240). 

The screening assessment for SWMU 3·01 O(a) will consider surface soil and su ace water 

data collected during the RFI Phase !Investigation (by either LANL Environment, afety, and 

Health personnel or ER personnel) and the verification data collected at the cone! sion of the 

VCA. These data provide information on all potential contaminants for this site. 

Table 4·1 summarizes the analyses requested for screening assessment samplin locations, 
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and the analyses requested for locations within the excavation and upgradient (offsite) of 

SWMU 3·01 O(a). Data used In the screening assessment were from samples collected at the 

bottom, a~jacent to, and downgradient of the excavation. The backfill soli data document that 

the excavation was filled with clean soil. Th~ sample locations within the exc&vatlon are 

presented for information purposes only and are not used In the screening assessment. 

Data for two sa~ple locations (AAA2375, AAA2376) represent composite sediment samples 

collected In . the stream channel downgradient of SWMU 3·010(a). Figure 4•1 shows the 

locations of sediment samples downgradient from the excavation, an upgradlent sediment 

sample location, and surface water samples from the draln~ge channel. The analytical data 

from composite sam.pling locations should be interpreted carefully., because there could be one 

elevated reading ·that is averaged out by ·tow values in the other aliquots of the composite 

sample. Because. these composite loc~tionsoverlap with other grab sample locations, they are 

presented for comparison. No adjustments, based on the number of aliquots In the composite 

sample, will be. made for either background or SAL comparisons. 

The following subsections describe the results of the screening assessment process for the 
' . 

sampie locations summarized in Table 4·1 . The data analysis steps needed to support the 

screening assessment include comparisons to natural background and comparisons to SALs. 
,'. 

Table A-1 in 'Appendix A summarizes the range of concentrations measured for soil analytes 

at the.locatioris considered in the screening assessment and the locations within the excavation. 

Table A.;2 in-Appendix A lists all detected soil analytes by sample identification number. 

Table A·3.:;SUrrtmarizes the range of concentrations measured for analytes in the storm water 

runoff samples. Table A-4 in Apper1dix A lists all analytes detected in storm water runoff 
.~ ' . 

samples.1 

4.3.1 Ecot~xlcologieal Screening Assessment 

The initial ~preening of the Phase l and. P,hase II data against the limits of detection (LOO), 

blanks, a!ld background data to determine analytes for further ecotoxlcological screening Is the 

same procedure · as for the human health screening :assessment. Once the analytes are 

conslder~d .hits.: or PCOCs, then they· are;lereened .against a different set of action levels, 
. ' . . 

called ESA(s •. Thir analytes are then·cons!d:ered contaminants of potential ecological concern 

(COPEq~)- and a:~e·carried througMhe re~~~~ing scree.ning assessment shown in Figure 4·2. 

Sinc·e the SWMU area was excavated VCA and is considered an industrial site. an 

. no.hJrtt:'ler assessm~nt is proposed for 
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watershed, which could impact sensit. . e habitats in the lower canyon ecosystems •. Therefore, 

possible transport of contaminants fr · m th~ sit~ downgradient was screened to d~termined if 
an ecological risk assessment Is need at this time. The ecotoxlcological screening lssessment 

Is P<fented In SuboeCtion 4.4. . J · _, 

4.3.2 Background Comparison · · 

The background comparison Is pe rmed on metal and radlonucllde analytes that occur 

naturally and have a background con entdttion range. As discussed In Subsection 3.2, the UTL 

(95% upper confidence value of the 99th p.rcentile) Is being used as the background screening 
' 

value. Analytes present at concentrations less than the UTL are considered to fall within the 

ordinary bacl(ground range and will not be considered In subsequent screening assessment 

data analysis steps. 

Metal concentration data from SWMU 3·01 O(a) sampling locations were compared to 

LANL·wide background concentration data. Seventeen metals (aluminum, antimony, barium, 

beryllium, calcium, cobalt, iron, magnesium, manganese, nickel, potassium, selenium, silver, 

sodium, thallium, uranium, and vanadium) were measured at concentrations within the LANL· 

wide background concentration rangL add were then eliminated from consideration (Appendix .. 
A-1 presents a data summary for these and all other measured analytes). Seven metals 

(arsenic, cadmium, chromium, copper, lead, mercury and zinc) were measured at concentrations 

exceeding the UTL value in either the excavated soil or the screening assessment data. The 

concentration values for these metals are presented by location in Tables 4·2 and 4·3, and the 

sampling locations are on Fig. 4·1! and Fig. 4·3. Only lead and mercury were detected at 
i 

concentrations exceeding the UTLs in the screening assessment data. Mercury concentrations 

were greater than background at 12 of 20 locations, which included the majority of the sample 

locations at the bottom of the excavation and adjacent to the excavation (Fig. 4·3). As shown 

in Fig. 4·3, mercury was not measured above background at a sampling location (PF-3·3) 

downgradient of the excavation.lt is significant to note the dramatic decrease in concentrations 

of lead and mercury from the excavation locations to either the bottom of the excavation or 
. . 

adjacent to the excavation. These data indicate that the VCA was effective in removing most 
~ 

elevated metal concentrations from the site. Downgradient sample locations of cadmium, -:< 

copper, and zinc clearly indicate that the greater-than-background concentrations of these 

constituents were limited to the excavation. Arsenic was the only additional metal analyte 

detected at above-background concentrations. and it was detected In an upgradient sample 

location (AAA2374). 
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TABLE4-2 

ANAL mCAL RESULTS FOR SAMPUNG LOCAnONS OFFSITE (AND UPGRADIENT) AND 
\ WITHIN THE EXCAVATION 

j.wLm -'""·-Ol'fVI( · 1M WUIIIICIWaDIIIIIIHICIJ -IMII1 - -- -~ -
~-I \ - IU ... .. .. ~ 

e... • I • • IIA 

tc-- ' - u f1 &I_ • m 
\ 
: c-1 I • • • IIA 

~ - f1 .. • • IIA 

eo. I • • • _IIA 

~ ~ .. • • .. -!Cod I :•:· • • 4 -""-~ ~ .. ... ·- -F- I ::: ' 4 • :;::: IIA 

l~o~ooc~oJ l \ ~ 
u .. rr- jill 

"" ~ ~ 
It- • ' • v ~ 

_, ~ 
I2W \=- a. f;::;: :;:;:;: - uo ~ -~ ~ 

I f::::: ::: • • • IIA IIA 

I ~ uc t=:::: ~== , t.a Ull 1177 f;:;:;:;:;:;:;:;: • 
!0- I f:::::: :::: t • • • t·:·:·:·:·:·:·:·: IIA 

IN- 11011 - IIIIU -· - - ID 

~C-o'« I I I • • I IIA 

~ - ~ ... t•• I•• ~ i•• • 
~Coon I ' I • • ' IIA ,,_. 
~ Z.l ICI.M ~ i••• ~ ~.11 -IC-C I I I 4 __._ --'- IIA 

~ 0. .. :::: ::::::: :::: :;;;;;; ~;;·:•:•:• Ulll 

!Cod ' :::: :::: ::;:;:;:;:; IIA 

~ :•::::;:; - :::: :;;; ::;::;:;:;: ::~=~=~·=· _410 

IC- :::: :::: , ::;: :•:: :;:;;:;;;; ::::: IIA 

~ :;::::::: - :::: :;:;::;:;: :•:•:•: -~ 
I ' IC-C ::;::;:;: ' :;:: . HA 

~ ;;;;; :;;;;;;- ::;: ;:;:;: cw 
I ~Coon ::::: ::::::: ' :::: ~=: :::: ·:•:•: ·:•::::;:; HA 

l-It ~ :;:;: :;:;: - :;:: ~=: :::::::::: :;;:; ~-
~C-o'« ::::: ::;:: ' ;:;:;:;:::;: f;;;;;: .;;;: IIA , ...... ,._ - :;:: .;;;:;:;:; .•;•; ;;;;; ~ 
IC- 1::::::: :::::; ' :::: ::::::: ::::: IIA 

I~ ,._ 1:;:::•: :;;;;; - :::: ::::::::::: ::::::::;:;: Cl2l 

to- :;:;:;: :::::: -' ;:~ ·:·:·: ~ 
~ :::•:·:· :•:::: - :~:::::: &4 

I ~ ' :::: NA 

~ •::::::; :;:::: - :::: :•:::: tll7_ 

~ -:•:•:•:· :•:•:: ' :;:: ::•:•: IIA 

wa.... :•:•: •:•:•: - ;.;. ;:;:;;;;;:;:; :::: :::: :::: :::::: Sl(ll_ 
c-. ::::: ::::: ' :::: ::::::::::::: NA 

r-. 
! ~ :;:;: ;:;:; _..aJIQI •:•; ·:·: 110 

c-1 ;:;:: :;:;: ' •:•:: ;:;: :;:;:; :;:: NA 

~ 1110 II' lCD I «<I _a~_ ~ lCD 

c..... I '- I • • :::::;:;:;:;: ~ - :;:;:;:;:;:;:;::- l!·!·!·!·!·!·!·!·t!;:;:;:;:;:;:;::·:·:·:·:·:·:·:·: ::::::::::::: liD till 

c... :;:;:;:;:;:;:;: ' 1::::::::::::::::[::;:;:;:;:;::::::;:;:;:;:;:;:; ::;:::;:;:;:: NA 

1 NA • Not avaiable. 
I 

2 Results are in pevg. All other resutla are in mg.4cg. 

;:;:;:;:;:;:;:;:;:;:;:;:;:;:;; 1lis lhacfng indicates no analySs _,requested lor lhe aneiyta . . •.•.••·.·.·.•.·.•.· .. ·.·.·.··· 
Bold, left-justified numbers indicate 111sults abovelhe badtgnxnd range . 

.__ __ __,ltndicates the result is above SAL. 
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Three radionuclides were measured above regional background concentrations. Tritium• was 

detected above regional background soil concentrations at two sampling , locations: one 

adjacent to the excavation (PF-3-6), and the other at the bottom of the excav~tlon (03-2805) 
I 

(Fig. -4-3). Plutonium·238 and plutonium-23~ and ·240 were above regional background 

concentrations at one location adjacent to the excavation (PF-3-5). Ceslum-137 was detected 

above regional background concentrations at the upgradlent location (AAA2374). Concentrations 

of radlonuclldea are significantly lower in samples collected below or downgradlent of the 

excavation. This indicates that the VCA effectively removed the majority of these elevated 

concentrations. 

In summary, of the metals and radlonuclides measured at the screening assessment sample 

locations, only mercury ,lead, tritium, plutonium-238, and plutonium-239 a~ ·240 are observed 

at concentrations above background. Mercury, lead, tritium, plutonium·23 and plutonium-239 

and ·240 will be carried to the next data analysis step (SAL comparison). Arsenic, cadmium. 

copper, lead, zinc and ceslum-137 will not be considered in subsequent screening assessment 

steps. The upgradient location Is outside the SWMU boundary as determined by the extent of 

the most ubiquitous contaminant (1,1,1· TCA). The sample was initially collect~ to compare 

down gradient sediment samples from the SWMU site to a local backg,f,undJ therefore an 

upgradient sample location was selected. The data point gives us lnformatlon about what can 

be expected In sediments in storm drainages around this area of TA-3, but does not relate 

specifically to .what is contributed by the SWMU site and consequently will not be included in 

the risk assessment. A summary of all soil analytes for the screening assessment sample 

locations is given In Table A·1 of Appendix A and Table A-2 presents all data for the detected 

analytes. 
I 

4.3.3 SAL Comparison 
i 

~ For the ~soil sampling locations, all detected organic chemicals, mercury, lead, tritium, 

plutoniu~-238 and plutonlum-239 and ·240 were compared to the appropriate SALs. l>nly 

three an~lytes were detected at concentrations above the SAL. ~t location 03·1261, 

1,2-dichloroethane (1,2·DCA) and 1,1-dichloroethene {1,1-DCE), and TPH exceeded the SALs 

(Table 4-S)~PH also exceeded the SAL at four other sampling locations (03·1262, AAA2375, 

AAA2376l 03-1054), which were either at the bottom of, or downgradlent of the excavation 

(Fig. 4·3)rHowever, the SAL for TPH is based on the migration potential of BTEX and assumes 

thatthe site is within 50ft of useable groundwate~TPH must be evaluated based on the toxicity 

of Its co~ponents~Any VOCs associated with the mineral oil TPH at this site have been . ----1 
'To convelt tritium in soil moisture to a son concenctation requires a measurameot ol soi mols1ure. Sol moisture data -• not 
measured Jouitwlrthe ~ badcgroundconcenlnltionsorthfM sample locations (03·1051A. 03·1052A. and03·1053A). 
The lalwest 80il moistur• value musured at lle remllining loca~s (26.3% -kif content) -• used tinea lhls repr•sents '* moat COM4NVative convenlon factor. 
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£; 
evaluated on a compound·by·compound balia in the screening assessment. In addition, It is 

unRicery that any hazardous SVOCa will be preeent because there is strong evidence that the 

aource of the TPH at SWMU 3-01 O(a) Is mineral oil. Therefore, TPH will not be Included as a 

PCOC In the risk .-saeasmenl. 

· Thefe were nQanalytes measur~ above the SAL In tbe surface water runoff samples collected 

.· f~the-Slt~. ''table 4-4& lists the maximum vafue for the analytes detected In the three storm 

· w~~er eampling events. Tabl.e A-3 In AppendiX A summarizes the complete list of analytes 

~~ad ln thea~ aurface water;aamples, imd Table A-4& prea_ents aU data for the detected 

_analytes. 

TA~4-4 

IIAXIMUUVAWEFOR ANALy;TES DETE~tN STORM WATER SAMPUNG EVENTS 
- . · :-~;~- ... 
'.• ~ 
,') -_:.. ·· 

._ ~m: ,~t~_111 ·· es.tos2 · .- 'ta~10ss 
.·-.-:~.h.:' " • . ... :._ :~~~ -.. 03·1054 ~ - : :::.:.:c 

-··· . • , . ARenic 6.71 . ; - ' 6.71 

:' [count ". ,. ' ' y~ ' :~'1 ' : b> ,1 1 ':. :_ 3 
··_:: ... ·: .. .-: ':,_.~- -- f~>/ -_ 20 ·:_:,:. ·::. ;. 25. 21 ·_ 25 

Nidcel ;'" ~-- ·- ;.c~~:o- ' · : ·· -~o : . ·~;,c'io · <10: '-T 20 

. :. ;' ~·--~' : : ': ;t~t:::~· : '.-: ' 1 . : .- ~~t~~{~.:· ' - 1_ ': 6 '' 3 

-:;;:~:~5 =) ::~:-:~~~~~~;a~_::~~~~- :~ :- 2 ~--- )T __ 
27 

· ZJnc _ - ··· ~~ -~ s\',,o·x . a2 . - -~:x,t;;_, .-. s" ., ': :: u 
. ' t: . . ,. , . , .. • • \ . ~ . , , . t-"JT• • ,,_ , · ."':- , 

.::- , ~~,~:k '_'.,< \1.)';·- · 1: ·Jd( :-._ ·; · 1_ . .. _,; J/ --_ a . 
c4l$ium-1:ne<" : ·_ ',. . - ~ ' -~:M;J+~::. _:41;4' ' :t~-so.~. ~c: -~:' eg ::_. _;,_; 8:9 ' -· 

Plutonlum-23~ ':~ ~; :· o:o~(.:.' ·. O.H!e:· •·., Q.~!J3: .. 0.068 ;-;' .::~. •,: OA28 · 

. . : : :~:_ [Qdurit: : '<" t-<_ ,:. ;;:tt; '' '" 2· :·_.- : ~2:'f} .: ; --2 . . : \( 8' 

Tritium' · '~-~ { ~:;: .. \ ·2oo : ·. , .\3.~:: 3oo • sap 
}~ ~f · · · :':': t'~:\~ . 2 \2 2 6 

SAL 
I 
&0 

2000 

so 

180 

100 

. 10000 

110 

15 

15 

20000 

. . .. ·.-. ..,_ . 
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4.3.4 Multiple Constituent Analysis 

The multiple constituent analysis determines if analytes present at concentrations less than the 

SAL warrant further consideration in the risk ass;essment because of poteotlaladdilive health 

effects. Mercury,lead, tritium, plutonlum·238 and plutonlum-239 and ·240 are the only metals 

and radlonuclldes considered in the multiple constituent analysis for SWMU 3·01 O(a). All 

detected organic analytes that did not exceed the SAL are also considered in this multiple 

constituent analysis. 
! 

Appendix J of the IWP (LANL 1993, 1 017) suggests that the multiple constituent analysis 

should be applied to the maximum concentration measured at each location. This location-by

location application of the multiple constituent analysis will yield meaningful results only if the 

same analytes are measured at each location. Given that the enalyte suite at each location or 

group of locations (e.g., the bottom of the excavation) was not identical, the multiple constituent 
' l analysis was not performed on a location-by-location basis. The multiple constituent analysis 

was calculated using the maximum value for each analyte across all screening assessmeht soil 

sampling locations. Thus, the multiple constituent analysis for SWMU 3·010(a) is more 

conservative than the approach outlined in Appendix J of the IWP (LANL 1993, 1 017). The 

maximum value for each analyte in the chemical carcinogen, chemical noncarcinogef, and 

radionuclide groups was used to calculate the multiple constituent total for each group. The 

multiple constituent totals of the cherJical noncarcinogen and radionuclide analyte g
1
roups 
I 

were less than one {Table 4-5), which means that no addilionalanalytes from these groups 
j 

need be considered in the risk assessment. The multiple constituent total for the chemical 

carcinogens exceeded one, and benzef e. chloroform, cis-1,3-dichloropropen"iall contributed 

more than 10% to the total (Table 4-5)~ ' 

I 
The multiple constituent analysis was also conducted on the storm water runoff samples. None 

of the multiple constituent analyses e~ceeded one (Table 4-6). The upgradiJnt storm water 

sample does not differ significantly from the downgradient storm water samtles. To better 
I 

address potential impacts of SWMU 3·010(a) on surface water quality, the Phase II data 

include surface water samples from the seep downgradient of the site. Any additional PCOCs 

identified by these Phase II water data will be considered In the risk assessment. 

.. ; 
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TABLE4-5 

; MULTIPLE CONSTITUENT ANALYSIS FOR SCREENING ASSESSMENT SOIL ;AMPLE.q 

ANALYTE MAXIMUM SAL 
! 

MULTIPLE \NAOIII ~ENT 
· ANALYSIS _ .. 

-•· .o A. -. mglkg mglkg . _,,,. .. ._ -· ..... 0.38 0.67 0.667 
1- . 

I • 0.069 0.21 0.329 

lcis-1 ,3-0ict..., .... ,... "t"" '" 0.054 0.17 0.318 

Chemical "' ·•· Total 

1.213 

·-lu. "'· -• mglkg mgfk_1_ mglkg 
lA 14 3000 0~005 

!Lead 51 400 Ol128 

..... ..... 7 10 24 

IZibc 79 24 0.003 

11.1~1-Trichloroethane 100 1000 0.100 

0.2 410 0.000 

0.25 8000 0.000 

0.13 6.4 0.020 

.. 0~023 3100 . .., ...... 
1'-" '7·,."'"11Latta O.C!(>O 

0.28 910 o.ctoo 
0.029 160 000 O.CiOo 

Non~arclnogens Tol ~I 

0.673 
ID. ..... • .... pCilg pCilg pCilg 

1.04 4 0.260 

0~().36 20 0.002 

0~24 18 0.013 

[Triiumb 16~45 810 0~020 

8.82 810 0.011 

Radlonuclldesd Total 

0.295 
i 

• If the.trM.IItiple eonstituent analyllislotal waa grea .. r than one. lhe Indicated analyte 
contributed at ... It 10% of lie total. 

• ReiUits ana k'l pCilg. ~ QCher nasults are k'l mglkg. 
• Tritium data Is ~enk'l; data tTom the tad van. 
• Total includes only the ~r of the two tritium values. 
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TABLE4-6 
I 

MULTIPLE CONSTITUENT ANALYSIS FOR SCREENING ASSESSMENT SURFACE WATER 
SAMPLES 

ANALYTE MAXIMUM SAL MULnPLE CONSTITUENT 
ANALYSIS 

Chemical Carcinogens Jlg/L J.lg/L I· J.lg/l 

Arsenic 7.18 50 '0.144 

Chernlal C.rclnogena Total 

0.144 

Non-carcinogens Jlg/L Jlg/L J.lg/L 

Barium 25 2000 0.013 

Lead 13 50 0.260 

Manganese 30 180 0.167 

Nickel 20 100 0.200 

Zinc 82 10 000 0.008 

Non-carcinogens Total 

0.648 

Radionuclides pCVL pCiiL pCIIL , 

Cesium-137 89 110 0.809 1 

Plutonium-238 0.005 15 o.ooo ! 
Plutonium-239 0.128 15 0.009 j 

Tritium 300 20000 0.015 ! 

RadlonuclicleS Total 

0.833 ( 

4.3.5 Screening Assessment Conclusions 

The screening assessment provides a rationale for selecting PCOCs to consider in the risk 

assessment. The storm water runoff data does not seem to indicate that SWMU 3·01 O{a) Is 

impacting surface water quality. However, the Phase II downgradient water conbentration data 

will confirm whether SWMU 3·010{a) is impacting surface water quality. ln~ summary, the 

screening assessment of the soil sample locations identified the following PCOCs: benzene, 

chloroform, 1,2-DCA, 1, 1-DCE, and cis·1,3·dichloropropene . 

l 

'· ··: 

. j,. 

~ · 



· .. .. 
-~:: 

::--- :~ --
·'•'" 1 ' .. . ,_--. 

·~-\ .. .... . 
;(...,,.; 
:J·~ ·.· -. 
•;:-· .. · 
''(:· ,:·:, 
~-. ··:;. · · 

'.;.,! ' 

::·~":_: .. 

] .:: .. 

----· ··~ ,._ .,, ~~'r:•·•~:::t'"":?-:·r•.! . .,-.-:;-·_-·-- - ·~~-~,..---,.-, - ----.,-"""---""-.-"'"· ._t.....,~ ..... ··..,:~ ..... ,_.~~-~'!'IIi:.{ 
.... ' - · ---~-: :=~.;,· ., ,.,;-_. ;: .. \ .. ··- :~ -:i·~~-~~"'1' ·.,:~.::~~~"'~}~ ".:- ...... -~ .r 

SWMU 3-0JO(a) RF/Report 

4.4. Ecotoxlcological Screening Assessment for Phase land Phase II 

4.4.1 Ecotoxlcological Screening Assessment for Phase I 

f 
The .soil sampling data was screened In two separate exercises, Ph .. se I and Phase II as 

presented previously. The Phase I data described In Subsection 4·3·2 and prAsented In 

Tables 4·2 and 4·3 are compared to ESALs by location in Table 4·7. 

TABLE4-7 
t 

MAXIMUM PHASE I SOIL SAMPLE VALUES COMPARED TO THE SOIL ESA 
(VALUES IN mglkg OR pCI/g) 

ANALYTE UPORAOIENT AES&OUAL 
(NO. ABOV£ 

LOOAJ 
(NO. AIIOYE LOO) 

l.ud 150(2) 

Mercuty 1.~ 

·~ I 
l,t~ 

1;1,1~ 

To&ll 1*1*"" 1 220(2) 
~ 

T*-

Pll.lonlum-238 

~23D 

• LOD • Umits of detection. 
-ESAL • EcotoxilogQiacr..ning action levels. 
• COPEC • Contamiri!lnt of potential concem. 
•NA• -ESAI..not~e. - 1 

·~ o.81(3} 

21(3) 

100(3) 

150)0(3) 

U(3) 

ADJAcan-
(NO. AaOVE LOO) 

10(11) 

11.5(1) 

0.036(1) 

0.24(1) 

' 
OOWNQRAOIENT PAL., 

(NO. ABOVE LOO) 

51(4) 0.004 

0.7(11) 0.003 

0.15 

CI.OCI2 

HAd 

42S(S) NA• 

8tO(SAI.~ 

20CSALl 
ti(SAL) 

COPECC 

v .. ,.. ,... ,.. ,.. 
, .. 
No 

no 

110 

• NA • TPH toxqy-needs to be ba$ed on constituents. No ESAL '' .11vailable. 
'SAL • Sc:fe«ting 8clion le* ~ i 

The ESALs represent the,low~st soil exposure pathway value for the mammals. birds, and 

reptiles addressed during the ESALdevelopment (Ebinger 1994, 17·1219}. The most sensitive 

organism in all cases was a small omnivorous or granivorous bird which occupied the site 

continuously and ingested the contaminant with food or Incidental soil. The radlonuclides were 

compared to SAL values instead of ESAL values. because radiation induced carcinogenicity is 

not available for this range of organisms and no ESALs tor radlonuclides are available 

(Ebinger 1994, 17 ·1219). The radionuclldes dropped out as COPECs in this table. The 

remaining six COPECs were carried forward during the screening of the Phase II data. 

4.4.2 Ecotoxlcologlcal Sc~nlng Assessment for Phase II 

Initial Phase II data screening against LODs and background are presented in Subsection 4.5. 

The analytes which were above LODs and background for the borehole soil vapor, borehole 
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soli, borehole water, and seep water (downgradlent) after the VCA are compared to the 

corresponding ESAL in Table 4·8. Benzene, chloroform, 4·1sopropyltoluene, and 

tetrachlorylethylene were detected very Infrequently and are eliminated from further 

consideration. 

TABLE4-8 

MAXIMUM PHASE II SAMPLE RESULTS 

ANALYTE BOREHOLE BOREHOLE BOREHOLE SEEP 
VAPOR SOIL WATER WATER 
(tlgiL) (mg/kg) (Jtg/L) (JtglL) 

1,1-dichloro- 6-660{38164)1 .012- 18{1fJ)1 

ethane .029(5/62)1 

1,2-dichloro- 5.8-200(16164) .012- 12(1fJ) 0.7(11) 
ethane2 0.15(11/62) 

1,1 -<lichloro- 1, -1800(52/64) 
ethene2 

.013-.049(3162) 34{113) 

1, t .2-tricholoro- 6-450(48/64) .013-.049(2/62) 26-230(313) 
1,2,2-fluoro-
ethane 

1,1 ,1-trichloro- 11-3600( 62/64) .011-1 .8(37/62) 130.180(313) 7.9-
ethane2 13(313) 

trichloroethene 7-280(30164) .019-
.052)(2/62) 

TPH2 I 2200{1/56) 5000{112) 

tritium(pCilmL) 0.39· 0.05·2.71 (4/4) .413· 
162(20120) 458(212) 

• Number above LOD or background over 1he total number of samples in parentheses 
• Analyte was also found Ia be a COPEC in Phase I 
s ESALa • lo-st ESAL for air exposura pathway 
• ESALw • lo-st ESAL for water Ingestion pathway 
' ESALs • lo-st ESAL for toil ingestion pathway 
• (s) • systemic loxicity 
7 (c) • carcinogenic 

ESAL COPEC 

na yes 

0.015a(ct' 7 yea 
1.3w(c) •7 

0.016a(c)3• 7 

0.0228(~5• 7 yes 
0.2w(c •7 

0.022a(c)3, 7 

119s6 no 

na yes 

0.30Ba{ct" 7 yes 
0.31s(c) • 7 
18.2w{c)4• 7 

na yes 

20(SAL) yes 

When more than Jne ESAL was available for air. soil, or water pathways for the same organism, 

the lowest ESAL matching the sample type, is presented in the table. In the ESAL column, 

1,1 ·DCA, 1,1,1-TCA, and TPH do not have ESALs available to compare to the analyte values; 

but they are still considered COPECs. For 1,1 ·DCA, the ESAL values for 1,2-DCA were used 

to conservatively screen the potential impact because the toxicity for 1,2-DCA Is much greater 

than the toxicity for 1,1-DCA. As discussed previously the toxicity of the TPH mixture present 

at the site is probably low because of the lack of volatile constituents (the low BTEX values 

described earlier). 
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Of particular Interest is the noticeable decrease in water concentrations between t 

and the seep, Indicating some dilution. Another observation is the reasonabl 

between the borehole vapor and soil analyte data indicating that the major conta 

also detected In the soU samples. Even minor detections _of TPH at the seep (5 p 

that TPH may be moving down the channel. Evaluation of the tritium distribution i 

complex due to the large, nearby source terms at TA-3·16 which influence the 

region. TA-3·16 stacks (off gasses from accelerator operations) emit tritium in 

range which condenses to give above-background levels of tritium In the soil 

canyons (Environmental Protection Group 1993, 0829). 

The six COPECs In Table 4-7 plus the three COPECs in Table 4-8 make a total of nin 

which have been taken forward In the ecotoxicological screening assessment. Th 

in this analysis Is to take these COPECs through the decision tree shown in Fi 

SWMU is not within sensitive habitat of a threatened or endangered species, fl 

wetland and the site has already been remediated (ie: any prior habitat on the sit 

RF/Report 

removed). The site is also adjacent to a building and so was not a natural habitat a way; but 

a highly disturbed industrial area receiving unnatur~lly high amounts of runoff from the 

T A-3-30 roof drain and parking lots. 

The last screening decision is a determination of whether the site has present o potential 

contaminant transport across SWMU boundaries needs to be addressed based on the sample 

locations given in Tables 4·7 and 4-8 above. It is clear that the VCA removed most o1the TPH, 

tritium, mercury and other contaminants found in the excavated wastes discusseCf earlier. 

Some contaminants were also found offsite (upgradient) which indicates there may be other 

source terms or SWMUs upgradient of SWMU 3-010(a). The data from the seeps indicate that 

some contaminants such as TPH, 1,1,1· TCA, and tritium have migrated down the stream 

channel a few hundred feet below the site. All data from this PAS will be made available for use 

in the investigation of possible contamination down the stream channel and in the Canyons. 

This Investigation will be conducted by the canyons field unit . 

4.4.3 Ecotoxlcologlcal Screening Assessment Conclusions 

No further actions (such as an ecological risk assessment) are recommended at 

SWMU 3·01 O{a) based on impact to nonhuman receptors. Current transport of the COPECs 

down the channel appears to be minimal and probably will not impact the biota further down in 

Twomile and Pajarito Canyons, because the source term was remediated during the VCA. 

However, there may be another source term upgradient to this SWMU and the impact to the 

canyons below this site will be addressed during characterization of other SWMUs in the area 

and when the canyons field unit investigates these canyons. 
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4.5 Phase II RFI Aeld Investigation and Sampling Activities 

Mobilization fort he Phase II Investigation involved completing a number of necessary activities 

before the primary investigation could begin. When the VCA was completed the site had been 

maintained with an open trench covered by a wooden frame lined with polyethylene sheeting. 

On September 12, 1994, the fr~me was disassembled. The bottom of the boards and plastic 

were screened for radioactivity ~nd swiped for tritium before disposal. Two tuff samples were 

then collected from the base of tre excavation (upper and lower biased samples) and analyzed 

for radionuclides and lead. These samples were collected at locations roughly correlating with 
I 

the upper and lower biased locations that were sampled following removal of the third lift during 

the VCA. An 18 to 24 ln.-thick engineered hydraulic barrier of bentonite powder and crushed 

tuff was then placed in the bott~m of the trench to reduce the potential for infiltration of surface 

w1ter into the area of suspected subsurface contamination. The bentonite layer was compacted 

to within 92 to 93 'Yo of maximum density before the trench was backfilled with clean, crushed 

tuff then compacted with a backhoe and remote tamper. A composite sample was collected 

from the backfill material to confirm that it contained no Appendix VIII metals or radionuclides 

above levels of concern. Following completion of the soil vapor probe survey (used as a tool 

to direct borehole locations), a road was constructed across the upper third of the backfilled 

e~cavation to provide access for the drill rig and a platform for the drilling operations. The road 

' extended approximately 45 ft to the north of the excavation. 
; 

The LANL mobile chemical analytical laboratory provided soil and soil-vapor data on a real

time basis. This information was used to evaluate the need to continue drilling in each borehole 

and whether to drill additional boreholes. The mobile chemical analytical laboratory was 

configured with a gas chromatograph/mass spectroscopy instrument for VOC analysis and with 

an infrared spectroscopy instrument for TPH analysis. An off-site mobile radiological analytical 

laboratory provided field analytical services for gross radiological analyses. 

i 
4.5.1 Soil-Vapor Probe Survey ; 

The initial Phase II characterization activity conducted at the site was a soil-vapor probe 

survey, conducted to obtain data that would guide the selection of borehole locations. A 10-ft 

grid was first established over the 5 000 ft 2 area surrounding the excavation to provide 
; 

guidance in locating sampling points. At each sampling location, the probe was driven to the 

fill/tuff interface or to a depth where refusal occurred. A photoionization detector (PIO) was 

then attached to TeflonTM tubing and used to draw soil-pore vapor to the surface and analyze 

the air stream for VOCs. The internal pump of the PIO was designed to draw approximately one 

liter of air per minute. Calculations showed that it took the pump approximately 30 to 

., 
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x Sol vapor sample location 

03.z639 L.ocallon 10 

(39.'112.4) PID reading at 30 seconds 
(ppm)/depth to refusal (tuff) 

E22 Building/structure 

~m!! Unimproved road 

------· Roof drain culvert 

----Fence 

- ·· - ··- Oraln.1ge channel 

-------- /vea olexcavallon 

·-········ ···· ··· ···· Conlout inlerval2 ft 
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.:. 

s..- FI4AD 3171114. GIOI8~ lASl 11152. 91~ 11107 
Uodl ... llr. cAAT.....,.,IIJA.-41171115 

0 
I 

I 

10 ! 20ft 
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Ag. 4-4. Soli vapor survey locations with 30-second photolonlzation detector (PID) results. 
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i 
35 seconds' to purge five volumes of eir from the teflon tubing. Therefore, the first PID reading 

I 
was record8d after purging for 30 seconds, with subsequent readings being recorded after 1 

minute andj1.5 minutes of purg.lng. Figure 4·4 shows the soli-vapor probe sampling locations 

with the 3o'-second PID ·results and depth to refusal (tuff). AH PID data are summarized in 
I . . 

Table 4·9. I 

I 
TABLE4-9 

SOIL VAPOR SURVEY DATA FOR PHASE IIINVESnGATION 
I 

PROBE RERJSAL PIO VALUE la1 m\ AF1'ERSPECIFIEO PURGE nME 1 

LOCATIONID OEP1lt fftl ' O.S Min. 
03-2608 I >12.5 1.7 
03-2609 ! 7.6 .33.9 
03-2610 . 1 7.2 NA 1 

03-261-1 • "·2 61 .4 
03-261.3 •. 1 106 
03-2615' . 3.5 1.4 
03-261& 6

' 4.6 1.3 
03-2617' . 3.6 79 
03:-261-8:4 4.8 95.3 
03-26:l9 6.5 880 
03-2&24 . 6.5 145 
03-2625 3.5 39.7 
03·2626~··. ... 6 17 
03·2628 0 -
03-'2632 .. 7.8 238 
03-2836 ' 8.1 111 
03-2638 3 62.1 
03-2639-'• . 2.4 39.7 
03·2640 0 -
03-2641 :-.: . ' . 1.5 976 
' 03·2&42'' 0 -
03·2644:6 1.6 107 
03·2646"· 0.8 121 
03-2649 .•. 7.3 20.2 
03;2650' 4.5 31.2 
()3..;2661~ . 1.4 23 
03:-26$2! 1.5 14.1 
03•2653 8.3 107 
03-2655}' 11 405 
03~2658: ' 6.3 56 
03·2662' . 15 106 
03.,2683 11.5 303 

' Depth to probe reluaai considered to equal depth to soill'luff interface. 
a riVe tublni» V0tumea purged every 30·35 seconds. 
' NA .. Data not evaBable 

1Min. 
.1.8 . 
82.6 
NA 
49.6 
86.5 
0.5 
1.1 

30.8 
114 
477 
78.9 
39.4 
11.2 

-
219 
56.2 
43.1 
40 

-
737 

-
36.7 
108 
21.9 
28.4 
21.7 
14.1 
107 
488 
41.6 
48.3 
250 

• Saturated Conditions .existed at depth 1rom which soil vapor sample collected. 
J Soil vapor sample collected for NMED. 
• Background 

l 

7 TedlarlM bag sa"l>le collected for analysis by lhe on·site mobile chemistry laboratory. 

1.6 Min. 
1.5 

39.6 
45.6 
NA 

82.4 
0 

1.4 
15.5 
113 
294 
66.3 
36.8 
9.4 
-

210 
63.4 
35.6 
37.4 

-
578 

-
17.2 
102 
31.6 
26.6 
19.8 
14.1 
114 
578 
32.7 
41.3 
230 

, :• 
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Following collection ofthe PIO values, a tritium monitor was auached to the Teflon"' tubing and 

the air stream was analyzed for tritium. However, the reliability and accuracy of the tritium data 

ate questionable because the VOC content of the soil vapor probably Interfered wtth the 

performance of the triti~m monitor. For this reason, the t~tlum data a~e not presented In this 

report. 

It was initially assumed that background values for PID-detectable VOCa In soli vapor were 

zero. When efforts to define the lateral extent of detectable VOCe at the fill/tuff Interface failed, 

this assumption was reevaluated. To determine If there was a naturally occurring background 

VOC concentration In the area of the investigation, soli-vapor probe readings were taken In two 

locations on a hlllslope across the drainage from SWMU ~01 O(a), whera it Ia unlikely that 

VOCs from the site would have migrated. PIO readings from these locations Indicated that the 

site has naturally occurring background VOC concentrations of 15 to 25 ppm. One possible 

source of these background concentrations could be the numerous evergreen trees in the area, 

as demonstrated by the positive PIO reading detected on freshly scratched ponderosa pine 

bark. 

4.5.2 Drilling and Subsurface Sampling 

Seven boreholes were drilled during the field investigation. Six boreholes were drilled for the 

purpose of characterizing subsurface chemical contamination (boreholes 81 to 86). The 

seventh borehole was drilled to obtain additional geologic information (borehole 87). Borehole 

81 and the majority of borehole 82 were drilled with a CME-45, buggy mounted, hollow-stem 

auger drilling rig using 8.25-in. outside diameter (00) and 4-in. inside diameter hollow-stem 

augers. Continuous core samples were collected using 3.125·in. OD, 2.5-ft long stainless-steel 

split-barrel samplers lined with six-inch-brass or stainless-steel sleeves. The bottom five feet 

of borehole 82 and all remaining boreholes (83 to 87) were drilled with the same configuration 

as above, but using a CME-750, buggy mounted, hollow-stem auger drilling rig. 

Plastic sheeting was placed beneath and around the drill rig prior to setting up on each borehole 

to help prevent surface-soil contamination from leaks or spills. Drill cuttings were captured on 

an additional sheet of plastic placed around the borehole. 

RR Repott for SWMU 3-0tO(a} 49 Aprl/28, 1995 
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4.5.2.1 BoNhole Locations I 
Results of the aoU-vapor p~Obe survey guided placement of the boreholes (Fig. 4·6), to 

determine lateral extent o~tbe •c:absurface area significantly affected by contaminants. If these 
•. , •. o4' " , I 

boreholeclocatloria<lld not.-ucCes&fully define the lateral extent of contaminants at depth, then 

additional bOre~~~ ;..ere ~o be drilled at locations farther away from the area thought to be the 

source of·corrtami.:.atton. 

. . . :. .- I 
While drilllnsJ'thechemical characterization boreholes, the aample barrels were lined with six-
Inch brass or~tal~te'~_:a~~l sl~~ves. aecause the soil and tuff samples were not extruded from 

many of these sle~e.', contln~~s. detailed g~loglc information wa.S not available. To obtain 

higher·reaollftfo~ ~e-bt~glc;tn.forlnatlon for the ,site; geologic ~~a~ieiizatlon borehole B-7 was 

d~·ulecs. The' ~~e .;,;;.. de~ribeJ'~ild: archived I~ the event gedl®hnical information becomes 

necessary· to eval~~~e:·rerriadi;l sit~ ~lternati~s. . 
.. -. ~.:·: : : .. - _, I 

-4.S.2.2 Monilor Wett, Construction anctSampUng ' . . ,:, 4 ·: ; ' . 
The sampling plan. ,Stated that _if water was encountered, within .10 ft below the deepest 

detectable c~tami~·tion, the bbrehole would t?e ~~mpleted -~~ ~ m~~itoring well. Borehole 81 

enoou.ntered wate(;at . appro_~i~tely 23 fl below ground ~~rfa~e. OrlUillg proceeded an 
. . : . ·. ··.. . · .. -.. ~· . ,· :-. . ';.. . . . ·. ,' 

additional six _,feet in an attemp\to define the bottom of th~.-·:satur~ted zone. Drilling was 
··',.. . 

terminated at : 29 ft a iter the bor~hole began producing :sU1tiCi'ent water to .fefill to the 

approximate dopthat-~hlch~t~rited cQnditions were first etlco~~~~fed;9orehole81 was then 

co~pleted as a i~~~lnch cilain~t1r •. stainless steel monitorih~f~ell (MW1), the construction 

details of .which are illustrated fn ;Fig. 4·6. 

' .'·i, 

. The water in borehole 81 .. w;as Sampled on three occasions;-:$~ptember 22, 1994, prior to 
. . ·. · ....... ~ ; ~:"' ·.:: . ' -: .·• ... :o:~- . . : .;:...! (~;~-~ .. :·:_'~ ! . . ~-.: . . 

installing the w~ll; 'Octobef ~7,. 1994$; and February 2; 199S,.,a .• ::P8rt\!),f .a target surface and 

groOnd wat~~ u~pting ev~nf~ft~~d8d by the ·NMED. The'4ri:;1t•I. ~;AA1e· was . analyzed for 
0 

' ,, •.' '•: • ' •• ''•,:,:. :~--~:- . • '~- -~~ ·ift-;,:~)~·~,.• ,':!•' ,•, •···, , • \ ' .. I, 

VOCs; the second sampl~was:analyz'<td for tritium and gros&.al~&jb&\8/garnma,• and ihe third 
.- . ~.. . ',, ·_:-_·: ~--·• ~~·_-'"-·' - :~· .:.:,"/· ·~· .. ···{ , I;•~J;.'~'~ ;J:"·: ~_;.. . .-: . .: ; -;;. ." ' ' • 

s.mple wa4 aoaiYt.~~ fo~ c~Hc)~a·oion .balance and gross alph~et~p~riuna. The NMEO also 

~easured pH(7;43 '$V), sp·~euib :bo~ductance (~O mmhos)~ . a~ 'te~~tu;e (11.9 -c). The 

··•.; Y(eUyvast'UtYer ~op~tfy dev~loped or purged prl~r to sampling:~:~httit . fs:~~ertalnhow this may 

·•· . ha~~ effectcknhe ~-,..l;ucal~r~s·UI~. summarized in Table 4;.1oY ·. 
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Flush joint oonstruction 

Screen section, weld wound 
rod base stainless steel well 
screen 2.;ln.I.D., S·ft long 
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Fig. 4-6. General ~en construction detaihJ for Monitor Well MW1. 
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TABLE4-10 

MONITOR WELL MW-1 ANALYTICAl. RESULTS I 
LOCAnON ID SAMPLE ID AHALYTE 

03-2664 
03-2664 

t--
03-2664 

03-2664 

03·2664 

03-2664 

AAC0489 [)ichJoroethane (1,1·) 

AAC0469 . Dichbroethane [1.2·1 
AAC0489 Dichlaroethene (1,1·) 

AAC0489 Trtc:hk:Jro-f :J.:/.-
~[1,1.2·) 

AAC0489. Tridlloroethane (1, 1,1·) 

AAC10f1 Ttikm 

RESULT 
18 

12 
34 

26 

800 

2 710 

UNCERTAINTY 
5 

4 

10 

8 

240 

95 

UNIT& SAL 
pgll 3 500 
pgll 5 
pgiL 7 

pgiL NA• 

pgiL 200 
pCUL 20 000 

• NA • Not available 1 
The water level in M ·. 1 has been measured on several occasions, as summarized in 

Table 4-11. 
j 

TABLE4·11 

1 
MONITOR WELL MW-1 WATER LEVELS 

DATE TIME DEPnf TO WATER (ft BGSI) 

t 9/22194 1700 22.10 i 

9/27/94 1315 23.13 

10/5/94 NA 22.79 

10/20/94 1145 21.25 

10/27/94 i 1340 22.50 

1/19/95 l NAb 20.90 

212195 0845 20.30 

• NA • Not available. · 
•rt BGS • FMt below 11Uffac:e. 
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4.5.2.3 Subsurface Sampling Approach 

The objective of the subsurface sampling strategy was to collect fill, tuff, and soil vapor 
I 

samples for analysis of VOCs, TPH, and tritium. The VOC and TPH analyses were conducted 
I 

on site in the mobile chemical analytical laboratory. Tritium samples were sent off site for 

analysis. 

Prhe sampling and analysis plan specified that all boreholes would be advanced a minimum of 

10ft into the tuff (LANL 1993, 1 osofft also specified that drilling would be terminated only after 

no VOCs were detected, no
1
visual stainl~ was observed, and field Jreening revealed no TPH 

within two successive five-foot intorval~owever, during the drilling o~reholes 81 and 82, 
~ I 

these criteria were modified in response to field and drilling conditions. e revised criteria to 

stop advancing a borehole were TPH concentrations in soil below the detection level in two 

consecutive intervals, and either non-detection of VOCs in soil or low and/or decreasing trends 

of VOC contamination in soil vapor. ¥obile chemical analytical laboratory results for soil and 

soil vapor samples were used to make these decisions. Of the six chemical characterization 

boreholes, three (82, 83 and 85) were terminated using the revised criteria, two (81 and 84) 

were terminated when they encounte~ed ground water, and one (86) was terminated because 

of drill rig problems, although the analytical data for 86 were such that the borehole could have 

been terminated anyway. 

I 
According to the sampling and analysis plan. two to three soil samples were to be collected for 

analysis from each borehole. depending upon field screening results and total depth. Additional 
.. 

samples were to be collected for analysis from boreholes greater than 25 ft deep. The number 

of additional samples was to be base~ on the coefficient of variation of the downhole soil vapor 
! 

measurements taken at each five foot depth interval in the borehole. However, the mobile 
I 

chemical analytical laboratory had the capability to analyze many more samples than this 
f 
I 

procedure would have generated. Therefore, following the completion of borehole 81, it was 

decided that soil or tuff would be collected and analyzed from every five-foot interval for the 

entire depth of the reniaining boreholes. As a result, in boreholes 82 through 86 samples were 

collected for VOC and,fTPH analysis from the bottom six-inch sleeve in each five-foot core run. 

Based on these results, additional samples were analyzed for tritium and gross alpha, beta, 

and gamma radiation. Table 4·12 summarizes the borehole Facility for Information Management 

and Display (FIMAO) Identification numbers. sample numbers and depths, requested analyses, 

and pertinent comments. 

] 
') 
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TABLE4·12 
I 

BOREHOLES WJTH CORRESPONDING SAMPLE NUMBERS 

' LOCAnON AND MEDIA I AACNo. • Dei)Ch(ft) I Analys .. ICOI'ilmenta 
Borehole No. 81 ~ I 

Soli Vepor Samples 0457 5 VOCs' \ -
0458 10 VOCs -
04511 15 VOCs -
04to Ul voc. -

Soli S.mpl .. 04to 18.5-19 Voc.'TPH' O...ol&lw.vll 
0487 11.5-12 VOC&ITPH Too .uMull..._ til\ 
0367 23-23.5 VOCsfTPH Al-llwf 
0351 23.5-24 Trllum'Racfl Btlaw....,IMI 
04511 14.5-15 VOCs/TPH a.. ol51l...,., 
0488 20-211.5 VOCsiTPH 8oftom ol bcnhale 
03511 27.5-28 VOCtiTPWTri.IRad -
0358 12-12.5 Trllum'Rad Boaom eoMulllnlerfacll b) , 
0481 Solrutings vocs -

Comooslle 
Water Sample 048G - vocs ~ coleclad prior to 

lnslalino Will 
Borehole No. 82, 03-2665 

Soli Vapor Sampl .. 0480 5.5 VOCs -
0481 10.5 vocs -
0482 15.5 VOCs -
0483 20.5 vocs -
0484 25.5 VOCs -
0485 30.5 VOCs -
0488 35.5 VOCs -
0487 40.5 vocs -
0488 45 VOCs -
048!1 51 not analYzed - -

Soil Samples O.C81 10.10.5 VOCsfTPH Base of 511 ~orval 
O.C82 15-15.5 VOCsiTPH . 
0483 20·20.5 VOCsiTPH . 
0484 25-25.5 VOCsiTPH . 
0485 30.30.5 VOCsfTPH . 
0488 35-35.5 VOCsiTPH . 
0487 4().40.5 VOCsiTPH . 
0488 44.5-45 VOCsiTPH . 
0490 14-14.5 Trilium'Aad A~aoont to~ TPH concencration 
0401 24·24.5 Trltium'Aad 10 I below hillhest TPH conc;oenlrallon 
04!12 5().50.5 Tritium'Rad BOIIom of borino ' 08811 5.5-15.5 Sol VOCsiTPH - I 

Culllnos Composite 
Borahola No. 83 03-2666 I 

Soli Vapor S.mplas 04!13 5 VOCs ' - ! 

0494 10 VOCs - I 
04!15 15 VOCs - I 

04116 20 VOCs - I 
04117 25 vocs - 1 
04!18 Blank VOCs - I 
04110 30 VOCs - ~ 

0500 35 VOCs -
0501 40 VOCs -
0502 45 VOCs -
0503 so VOCs -
0504 55 VOCs -
0505 60 VOCs -

\ 
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l I TABLE 4-12 (CONllNUED) 

BOREHOLES WITH CORRESPONDING SAMPLE NUMBERS 

' Soli Sampl .. 04831 4.5-5 v 'AI 
04841 8.5-10 v )II 

0485' 14.5-15 v 
04N 19.5-20 v )II 

; 0497 24.5-25 Voc.nl'H 
10488 29.5-30 VOOifTPH 

(1500 ~.c.s-as Y:JCafll'H 
01501 39.5-40 VOOifTPH • 
'0502 44.5-45 VOOifTPH 
0503 49.5-50 
.0504 54.5-55 Voc.nl'H 
0505 59.5-eO Voc.nl'H 

·0504l 28-28.5 Trtllum'Red to fllllheSI TPH concentration 
05071 38-39.5 Tr111ur'WR11d · 110 I below fllllheSI TPH concentration 
_05081 69-59.5 Tr111ur'WR11d 1-ofborlna 

Borehole No. 84 OS.2GC7 I 
Soli Vapor S.mptee oso• 5 vocs 

0510 10 voes 
05111 15 voca 
0512 20 voca 
0850 25 voc. 

Soli Sample• OSOlf 4.5-5 VOCsfTPH 
0510 9.5-10 VOCsfTPH 
0511' 14.5-15 VOCsfTPH 
0512 19.5-20 VOCsfTPH 
0850 24.5-25 VOCsfTPH 
0848 21·21.5 VOCs Mud from ~ed fracture 
0852 20.0·21.0 Trttlum'Rad 
0857 4-4.5 Tlllum Maollnlto lllghesl TPH concentration 
o8sa 14•14.5 Tlllum 10 It belOW hlohesl TPH concentration 

'i Water Sample 08st VOCsiTPHIRIIdf 
I Tlllum 

Borahole No. 85 03-2661 I 
01154 10 VOCs 
01155 15 VOCs 
01158 20 voc. 
o8so· 25 VOCs 
0861 30 VOCs 
0882 35 VOCs _, 
0863 40 VOCs 
0884 45 VOCs 
01165 50 (10f5194) VOCs 
0868 50 10f6194l VOCa 
0868 55 VOCI 
0867 60 voca 

SoU Samplee oest 4 .5·5 VOCsiTPH a ... o1 5lllnlerw~ 
0853 9 .5-10 VOCsfTPH 
0855 14.5-15 VOCsfTPH 
0859 19.5-20 VOCaiTPH 
01180 24.5-25 VOCaiTPH 
01181_ 29.5-30 VOCsfTPH 
011112 34'.5-35 VOCaiTPH 
01103 3lt5-40 VOCsfTPH 
0884 44.5-45 VOCs/TPH 
01185 49.5·50 VOCsiTPH 
oeee 54.5-55 VOCsiTPH 
0867 595-60 VOCsiTPH 
0869 18-18 5 Trttlum'Rad Adaoanlto tll!lhG$I TPH concentration 
087.0 28-28.5 TrtttumRad to • belOW hklhest TPH concentralion 
0117.1 58-59.5 Trttlu!WRad Boltom of bomQ e 

' 1 1 
I 

'· ''· ! 

.. 
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TABLE 4·12 (CONTINUED) 

BOREHOLES WITH CORRESPONDING SAMPLE NUMBERS 

IBcnhole No. ae. 03-2871 
. Soli Vapor Samples 

Soil Samplea 

Water Samllla 
• No. 87. 03-21180 

Soli Sample• 

6 
10 

--,6 
20 
-25 
-30 
35 

. ' 40 
~5 

~ 60 
ss 
80 

_6_5_ 

;'O.C 

Blank 
'r.! l ' 4..5-5 

-tt5:'tcf 

.AJ C087 29.5-30 
. ~<- . ~34-:-ws 

:39.5-40 
,... . ... . i-4 

. •j Ill. 
s. ;.s 

, - ·· SI '-A 
fW &.A 

; .... 69. ~11 

.: · . 7.4. ·75 
79.S.:Bo 

r ·'i a.c-:-!i 
2 f .. · ~-

.& -
·4.64. 

1.4-9. 
--::c ~ ~ 1.5 ... . :::1i: f.4-1'i i.6 

~~~tiJ ~ .. 
' .•. 28.8-211 

v ::11 ·, l3~;.1 

v :tl 
v :tl ..... ..:.. . . 

19 .... , 
'·· .... ..c. 

I ''· ~a · -"' 
"' 10 ... . ._~ .. ... 
"'' 1~10 · •a Jlii'G 

74. 7·74.8 
v IOfl 78 5-78.7 
v 1Ge7 84 3·84.5 

AJ :tOfl •a ,_...,., 
AJ :tos 93.8;gj 

VOCe 

voc. 
VOC& 
VOCs 
VOCa 
VOCa 
VOCs 
VOOs 
vc~ 

vc~ 
v :::. 
v ~ 
v :& 

:a 
:s 
:s 
c. 
Cs 

V(. .lt'H 

vc lt'H 

V< CSI 
v~ c;11 
~~ 

V( COS( 

VC Cs.l 
V( ~SI 

VI c;51 
VI [.>81 l"t · 

VI Csl PI-

:sl . 
:sf 

-----------·
i -

·-·-,_ 
I Base of s fllnllllval ! 

• I 
• f . ' . . . 
• I . . . . . ~ 

• t . ' . . . . 
I•' . !Ad--.110 hiQhesl PH 

. · · . ltO·ftbllow~ PH 
IOfborinQ 

U{;S( i •• ,, ' ~ 

. . . . . . . . . . . . 

. . . . . 

· .. :-. 

! 
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f TABLE 4-12 (CONTINUED) 
' BOREHOLES WITH CORRESPONDING SAMPLE NUMBERS 
:1 

aamal.. 1 

SoU; loll VlpOI' Mel 
Water SampiM toa 

' · 

r ·. 
I '· 

iG 
NJO 

10471 

'C1062 
'CHI63 
~CHI64 

_MCH173 
<AA71 't:l\ 

.AAB7761 

AAC107t 

_MCI075 

' VOC = Volattle orgarnc COrllX>Unds 
2 TPH = Total petroleum hydrocarbons 
J RAD = Radiological constituents 

l 
J 

R.cSIINd 1_,.. 
R.cSIINd -~ tcluolicata 

·:· · lalnllle 
RI6'JIPP. 1..-...· tllecldiiiii'CIIe 
RI6'Arl 111111111 -.. 

_;; . 

lam ·. .. , .. t 
::,J; '2_ 

.... 

·' ·--.:: ,., 
· ,:··"~·· Ia 

nJII1113-~ 
l3-21 

,·.:->. lrum 

II . ' ···'·' lrUin 
II r lrUin 

:s , ..... ~ . lriim . 

" ' '·-· lnlm l16 
I 1'1' rY\. ;& :;·e ' lriim 'L1: 
ti'I'VY' ;;s ' :·: ·_·. Hum Lt4 
f~I\N" '· ·! · IONmLt: 

_.,,, ·.': IDNmlt~ 

rv• :s . lrum•L8 
IV' ;5 i N\Jm ~ft 

1¥1 CS , ·:·£'. Jrum 14 
· >rum 15 .... ,... "'"' 

·' lf!!l!l. 18 
• '·· MD Slllli>le 

• ; . . ... leld blri 
;' SMDsamole_duplicale 

VOCs <~ I water & 
I t"tvVI:Il.'S '' Jain Guard (Onm S3) 
TP.tWOCs:· ,. I (Drum S31 
• • rvvuCs _,.,-; Jnu;ecl Klean Guard 
I r IJVS ; . Jnusee Paper Towel 

VOCs·• 
vocs 
VOCs c: 

1Druml 
IOruml6 

I ·''' I Drum l9 
Oruml12 
Monitor wei MW_I 
Drum ltO (01 & Melh. 
SaaD salli>le 

lj 

.. 
•' 

-~. 

r:· ,, 
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, I 
Soil vapor samples were coUectJ with a downhole packer assembly at the bottom of each 

I 
five-foot core run. The procedure, used to obtain the soil vapor samples consisted of first 

l 
lowering an inflatable packer to the~ttom of the hole and inflating It with compressed nitrogen 

to seal the Interior of the hollow-s em· auger, thus isolating the bottom of the ~le from the 
• . t 

external atmosphere. The internal pump of a flame ionization detector was then used to purge 

five volumes of air from the \100-~ long Teflonn.c tubing attached to the inflatable packer. 

Calculations showed that it tocik apJroximately 2.75 minutes to purge five tubing volumes, after 

which a PIO was attached to the tubfng. The soil vapor VOC concentrations were then observed 

for one minuto to document their nlte of change or relative stability. A TedlarTM bag was then 

attached to the tubing, and with the .tse of a lung box, a soil vapor sample was collected for VOC 

analysis. A more detailed disctsio,,~f the method used for collection of the soil va~r samples 

is provided in the sampling and analysis plan (LANL 1994, 17·1222). ~ 

4.5.2.4 Reid Screenln~ I 
The only field screening that was conbucted relative to field decisions, other than the soil vapor 

' 1 J 
probe survey, was organic vapor mo1itoring using a PID of the

1
ends of each six-inch sleeve as 

it was removed from the core barrel. The purpose of this screening strategy was to determine 
I 

if additional samples needed to be collected and analyzed. 

4.5.2.5 Borehole Logging and Curatlon Procedures 

Basic geologic information was obtained from the chemical characterization boreholes 

(B1 - 86) by observations of the ends of the six-inch sleeves and from drill cuttings. This 

information was recorded on forms tailored specifically for this purpose. The completed 

borehole log forms are included as Appendix B. 

Borehole 8·7 was drilled specifically for geologic characterization purposes; therefore, the 

core barrel was not lined with six-inch sleeves . This allowed for more complete core .recovery 

and a more detailed geologic description. The field log is included in Appendi~ B. The 

information was recorded on the log form included in LANL-ER-SOP-12.01, R1, Field Logging, 

Handling and Documentation of Borehole Materials. The core from B-7 was placed in core 

boxes with the following information: top and bottom of core run, core-loss locations, and depth 

intervals. Each box was then labeled with the borehole identification number, depth interval, 

I 

\ 
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! 
and box number. The core boxes were submitted to the sample management facility to be 

archived. I 
4.5.3 Seep Sampling 

. \ 
Surface water sam~les were collected O~tober 1 ~~1994, and February 2, 1995, from a location 

downstream fr9m:SWMU 3·01 O(a) In the drainage channel seep. The objective of sampling the 
. I 

seep was. to .evaluate the possible impact of contaminants at the SWMU on water found . . .· . ~ 
emerging fr~m the aUuvlum. During the first sampling event, sufficient water flow permitted 

collecting the. ~mpleat a location where water ,owed over a ledge In the channel. A much· 

reduced flow :~.uring the second sampling event rrqulred the use of a syringe to collect water 

from a shallow .depression in the channel. The water was then slowly injected into sample 
I . . 

bottles. Care was taken during the entire procedure not to subject the sample to excessive 

negative pressures or undue agitation. 

During the second sampling event. the NMED collected a duplicate sample to be analyzed for 

• VOCs and possibly total metals. They also measured water temperature (3.6°C) and pH 

(8.58 SU). Sample collection information is provided in Table 4·12. 
ij 

4.5.4 Geodetic Survey I 
A geodetic surveywas performed t thd:soil·vap~r probe survey locations, borehole locations, 

miscellaneous sample locations, and ke structures such as the less·than 90·day storage area 

adjacent to TA·3.:3o. All points were r corded in the New Mexico State Planar Coordinate 

System and were submitted to FIMAO r incorporation into its database. A tabulation of the 

coordinates is also ·provided in Appen IX C. 

. I 
4.6 Human Health Risk Assessment 

As discus~,t~d in Subsection 3.:3.1, the human he,lth risk assessment is composed of four steps 

that includ.~. data assessment, exposure assessment, toxicity assessment, and risk 

chara~te;iz~lion . :he SWMU 3·01 O(a) results !rom each of these steps is provided in the 

followmg Subsecttons . 
. ·· f 

. . . i ," I 

4.6.1 . Da~ Asses.ment . ' ~ 
Data assessment consists of a data review of the compounds detected in each media (soil, soil 

vapor, and ;Yiater)during the RFI Phase II activities. This data review determines if the PCOC 
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comparison to SALs are included in the data review process. The followingj Subsections will 

present the results of the data review for the Phase II water, soil vapor, and soll t amples. 

4.6.1.1 Phase II_ Water samples 

There were two kinds of water samples collected in Phase II. Three water samples were 

collected and analyzed from the seep. Table A·5 of Appendix A summarizes the list of 63 

compounds that were analyzed in the surface water samples. TPH, 1,1,1· TCA, and tritium were 

detected in the seep samples. All detected analytes for the seep samples are provided in 

Table 4·13. Tritium was detected in two seep samples at concentratlons\much less than the 

SAL, which is also the drinking water maximum concentration level (MCL) value 

. (20 000 pCi/L) . In all three samples, 1,1,1·TCA was detected at values between 7.9 and 

13 Jlg/L; the water SAL is 200 J.1g/L. TPH was detected in one sample at 5 000 J.1gll, which is 

consistent with the Phase I RFI data that also detected TPH in sediments downstream of 

SWMU 3·01 O(a) . Any potential adverse effects of TPH are based on gasoline-related TPH 

components, which have not been identified as a problem in the seep water. In summary, the 

seep water data suggest that there is no potential for a negative human health impact from 

surface water at the site. \ 

TABLE4-13 

SEEP WATER SAMPLES 

SAMPLE 10 ANALYTE RESUlT UNCERTAINTY UNITS SAL 
AAB7760 Petroleum kllalrec:overable 5 1500 mall NA 
AAB7760 Trictlloroelh-111 1-1 12 a.e Will 200 
MB7764 Trichloroethane U 1 H 13 3.9 POll 200 
AAC3129 T rictiiOfoelh- 11 1 1-1 7.9 2.37 IIWL. 200 
AAB7760 Trllum 413 •• DCK. 20 000 
AAB7764 TriiAJ/n 458 9U .pCI/\, ~000 

Waterr as also detected in three boreholes. As discussed in Subsection 2.3, this wJter does 

not represents a true perched water body that could be developed into n drinking water 

resource. In addition, the water samples collected from these boreholes do not meet the usual 

requirements for a monitoring well (i.e., the boreholes were not converted into monitoring wells 

and developed before samples were collected). However, these data do help determine if there 

is a substantial quantity of any PCOCs in the water phase. Table A·6 in Appendix A summarizes 

the 63 compounds that were analyzed in the borehole water samples. Six compounds, 

1,1·dichloroethane (1,1·DCA), 1,2·dichloroethane (1,2·DCA), 1,1·dlchloroethene (1,1·DCE). 

1,1 ,2-trichloro-1,1,2-triflouroethane (Freon-113), 1,1,1-trichloroethane (1,1,1-TCA), and tritium, 

were detected in the borehole water samples (Table 4·14) . With the exception of Freon-113, 

all of the volatile organics detected in the borehole water samples were also detected in 
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confirmatory samples collected after the VCA action. Freon-113 was detected at low 

concentrations (26 to 230 J.LQIL) in three samples. A SAL has not been established for this 

compound, but freon& are of very low toxicity. Therefore, Freon~ 113 was not added as a PCOC 

for the risk assessment. Tritium was detected In two borehole water samples at values beiween 

540 and 2 710 pC~. which is roughly a factor of ten or more,
1

below the drinking water MCL. 

These borehole water results are generally consistent with previous soil sampling results, and 
I 

do not suggest that any additional PCOCs should be included in the risk assessment. 

TABLE4-14 
~ 

BOREHOLE WATER SAMPLE REsqLTS 

\ 

LOCAnONID SAMPLE 10 ANALYTE RESUlT UNC£RT AINTY uNrrs SAL 
03-2664 AAC0469 Olchlotoe~ 1 1· tl • s It all 3500 
03·2664 MC04611 Oic:hlonlethane 11.2-l 12 ' 4 ~ 5 
03·2664 MC0469 Olctllotoen- " 1-1 34 10 IIIII\. 7 
03·26414 MC0469 Tric:hloto-1.2.2-trllluoroelt\ane 11 1 2· 26 " _jlg/1. NA 
03·2667 MC0856 T ric:hbto-1 22-trilluoroelhane 1 1.2· 230 60 !loll NA 
03·26711 MC0880 Tric:Horo-1 2.2-trilluoroelhane 11 I 2· 40 12 _p.g/1. NA 
03·2664 AAC04611 T richlotoethane 1 1 I· 800 240 pQ/l 200 
03·2667 MC0856 Trichloroethane (1 1 1·1 300 110 _jlgl\. 200 
03·2670 AAC0880 Trictlloroelhanel1 1 1-1 130 39 _l!_g/!. 200 
03·2664 MC1081 Trili\m 2 710 95 IICill 20 
03-2667 MC0856 Trilium 540 80 pCI/l 20 

It is important to note that 1 .1. 1 • TCA concentrations in the borehole water samples (130 to 800 

J.LQIL) are roughly ten times greater than the 1,1 ,1· TCA concentrations detected in the seep 

water samples (7.9 to 13 ).1g/L). Assuming that there is a hydrological connection between the 

borehole water and the seep, the water plume extends from the boreholes 1, 4, and 6 to the 

seep, yet concentrations of 1,1,1-TCA and tritium in the seep water are well below any risk· 

based concentrations of concern . 

4.6.1.2 Phase II Downhole Soil Vapor Data 

Soil vapor data were collected at six boreholes drilled to determine 1he extent of volatile organic 

contamination. These data were used in the field to determine the depth to which boreholes 

were drilled. These data are also used in this data assessment to confirm that the PCOC list 

based on the RFI Phase I data is correct. Table A-7 in Appendix A summarizes the results for 

61 compounds analyzed in the soil vapor samples. Four volatile organic compounds (benzene, 

' chloroform, 4-isopropyltoluene, and tetracholoroethylene) were detected three or fewer times 

out of 64 sample measurements (Table A·7, Appendix A). EPA risk assessment guidance 

{EPA 1989, 0305) recommends that compounds detected in 5% or fewer of the samples should 
l 

not be included in the risk assessment; therefore, these fourVOCs are not included as PCOCs. 
I 

Another six VOCs [ 1, 1-DCA, 1,2-DCA. 1,1·0CE, Freon-113, 1,1,1· TCA, and trichloroethane 

(TCE}] were detected more frequently in the soil vapor. The concentration values by borehole 

and depth for all detected soil vapor compounds are presented in Table 4·15 . There are no 
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TABLE4-15 

PHASE II DOWNHOLE SOIL VAPOR DATA 

LOCATION 10 SAMPLE I) 
03-2864 AAC0458 

I I 

AAC0459A 

AAC0460A 

03-2665 AAC0480 

AAC0481A 

AAC0482A 

t \ 

AACO.C63A 

AAC0-46•4/o, 

AACO.C65A 

AAC0466A 

AAC0467A 

AACO.C68A 

RFI Report for SWMU 3-DtO(a) 

DEPTH 
e.s-to n 

14.5-15 ft 

18.5-19 h 

5-5.511 

10.10.5 II 

20-20.5 ft 

25·25.5 II 

30-30.5 II 

... -4 .5-... 5 " 
' 1 
( ~ 
•. 

ANALYTE 
11-t 
1M 

1.1.1-1 

1.1-1 
Die laroelwMt t.l·J 

nett 11± 
T ric:flloroethene 

11-:1 
1~] 

•rictlloroeChane 11 1· 
1.2•1 

Di hloroellene IU~ 

ne t 1 t· 
richloroethene 

Oichlaroelhane 1.2-1 

T rict*lloethane 1 t 1-1 
T richloroelhene 

Oichlort'elhane 11 1 ~ 
Oichloroehlne 11 2· 
Oicflloroelhene ,, 1-1 

Trichloro-1.2.2-lriftuoroelhlne_ll I 2~ 
Trichloroethane 1 1 1·1 

T richloroelhene 
Benzene 

Chlorofonn 
I 11 1~ 

Oichloroelhane 11 2·1 
Dichloroelhene 11 1~ 

Trichloro-1.2.2-lrinuoroethane 1 1 2· 
Trichloroethane II 1 H 

T richloroelhene 

Oichloroelhane 11.2· 
Dichloroelhene (I 1-1 

richloro-12.2·1riftuoroelhane 11.2· 
Trichloroethane It 1 1-1 

Dichloroelhane 11 1-
Dichloroelhane 11 2·1 
Dichlotoelhene (1 1·1 • 

Tfichloro-1 .2.2·trilluoroelhane 11 1 ,2·] 
T richlaroelhane I 1 1 1·1 

{)ichloraethane 1.2·1 
Didlloroethene 1 1· 

T richloroelhane 1 1 1· 

UicNoroelhane 11 2· 
Dichloroethene It 1· 

TrichloroelhaneJ1 11~ 
Trichlomethene 

Oichloroelhane 11 1· 
Dichloroethene 11 H 

T richloroelhane 11 1 1-1._ 

63 

RESULT 
84 
400 
17 
10 

'200 
30 
31 
230 

1 100 
12 
29 
7 

870 
8 

'' 9 
2100 

" 30 
860 
200 
'800 
130 

3600 
280 
12 

23U 
90 

1200 
17 

1300 
170 
10 
18 

650 
33 

1200 
320 

3200 
150 
130 

750 
32 

1 800 
69 
90 
11 

420 
350 

1 500 
35 
56 
5 .8 
300 

1200 
28 
98 
9 

190 
130 
910 
16 
22 
16 
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llQ 

IU 
aJ 

u.c 
w 
w 
w 
loll 
w 
ull 
uJ/t 
uall 
ua/l 
u/l 
Jtlll 
u/l 
u 
ll 

ua 
ua 
Ill! 

ua 
Ull 
U( 

Ill 

uc 
u1 1L 
Ul/l 

_1'! IL 
uo/1. 

sl!ill. 
llg/l 

ILO/L 
uo/l 
uc IL 

uall 
U:cill 
uall . 

uall1 
uclll 

-ua/lt 
1111/l l 

Ull/l 

11an. 
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TABLE 4-15 (CON11NUED) 

PHASE II DOWNHOLE SOIL VAPOR DATA 

8AIIPLE ID 

19.5·20 ll 

, "' 24 .5·25 ft 

29.5..: 'ft 
34.5.;~ ft 

lA 39.5 .. 10 ft 

A AI'IU:t\">A 

A 

AAI'nc:na-... 

AAC0510A 

AAC0512A 

5-4.5·55 rt 

59.5-60" 

5ft 
9.5·10 tt 

1S ft 

20ft 

25 It 

1 

I II 

lnc;niOIIII 

T1 

T riehloro-' 
T: 

11.1.2-1 

.1. "' 
.1• 

I (1,1.2-1 
1-1 
1-1 

2· 
1· 

f1.1.2-1 
.1.1-1 

1-f 
2·1 
1·1 

11.1.2·1 
·I .1.1·1 

:1·1 
• .2-1 
.1-1 

11.1.2·1 
.1.1-1 

1·1 
!-1 
1·1 

(1.1.2·1 
.1·1 

.1-\ 
2·1 
,1•1 

. f1.1.2·1 
.1.1-1 

1-l 
2-1 
1-) 

(1.1.2·1 
,1,1-} 

I I .1.1·1 
1;1·1 

11.1.2-1 
;1 -1 

11.1.2·1 
.1 1-1 

11.1.2·1 
(' .1.1·1 

.1-1 
11,1.2·1 

(1,1,1-t 

SWMU 3-0IO(a) 

~~J~~~~~~~~ 
U.li 

:) 

3 0 .. 
210 
1 10 
5 ,,,-

, 
1(1 

1 () 
1 () 
5 If 

1 [) 
1~ 0 
s: 

if 
11 ) 
1 :) 
4 I) 

1 0 

(f 

() 

1i0 
74 

:l60 
1 

4 

3 0 
410 
19 
;o 

260 
28 
290 
210 

I&C 
11Q 

u.a. 
U.a 
uci 
110. 

110 

u.a 
110 

110 

Wi 
110. 

-ua. 
ita. 
110. 

-uci~ 
110. 

ua. 
110. 

UQ 

ua, 
-.. a, 
liQ. 
ItO< 

110• 

ll01 

uo. 
Uli 
uo. 

u.a: 
liQj 
UOJ 

UaJ 
ua 
110. 

UOJ 

Uti 
ua. 
ua . 

-u:a 
ua 
ItO 

-uo] 

--ua. 
ua, 
uo 
uo. 
ua: 
Ull 
uo. 
ua 
ua 
1101 

ua. 
U01 

·u.al 
ua.l 
U.aJ 
UOJ 

UQJ 
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TABLE 4-15 (CONTINUED) 

PHASE II DOWNHOLE SOIL VAPOR DATA 

UfPJII 
V.li-10 It 
14.6-16 ft 

AICALYTE 
.t.t-1 
U-1 

,JUR-I 
lo) 

AE LT 

RFIRepon 

UNITS 
lUI 
aa 
JIG 

_.ACI 

1~ft lUI 

~~~~ri-,Ul~i:-f~~~~=~S~~~~;I;::~~,r~~"L··'Dr.~E[~~1~:::t::~_==.a~~~ 
24.wi ft ..J!!!!!!!!! MG 

MC0861A 

'" 
.& .... 

""""'' .. "" 
MC087 .&& 

MC0875A 

""VUOffft 

"""""""'" 

R_R Reporl for SWMU 3-01()(11) 

45-45" 

50-SOft 

54.5-55" 

. 4.5-0it 
8.5-10 ft 

15-15 ft 

111.5-2()" 

30-30.5 It 

29.5-30 It 

34~5ft 

39-40 tt I 

I nc:niOI'C 

II 

T 

I 

T 

65 

1.' 

I ft.1.2-f 

"'· 
111,1.2-1 

.1 J-1 

.1 
I (1.1,2-J 

,J -' I-I 
.1· : 
.1• 

I {1,1.2-J 
,1,1.,) . 
.1-1 

1fUJ!oJ 
rl .1.1-t 

.1-t ., 
111.1.201 

rl .1.1·1 
.1-4 

111.1.24 
~1.1.1 

.1-1 
11.1.2-1 

It .l.1·1 
:.1.1·1 

1· 

IM.2-t · 

· IU.,2;ol ' . . 
.r 

· ~ 't· i 
~o lU.2:.t 

l·t .,_ ... ;<· 

,. 
iff.t:H . 

II :1 l~t 
II l.J 

d1.1.2·1 
II . U·t 

0 
'I 0 

0 
10 

0 
~ 0 

0 

1 0 

HO 

1 0 
~ '0 

IIG 
IIG 
aa 
IIG 
ao 
aa 
aa 
ao 
ua 
110 

.JIG 
110 
1&0 
pg 
ua 
IIG 
)lg 

J.IO 
IIQ 

110 
ua 
110 

• 110 

ua 
110 
110 
110 
J&G 

.110 
110 
llG 
llQ 

ua 
llG 
llO 
ua 

. ua 
llQ 

u.o 
I&G 
aa 
ua 
llO 
110 
110 
110 
&lO 

110 
1&0 
1111 
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RF!Report 

LOCATION 10 SAMPlE I> 
AAC0881A 

MC0882A 

AAC0883A 

MC0884A 

AAC0885A 

AAC0895A 

AAC0896A 

AAC0897A 

AAC08118A 

AAC0899A 

AAC0900A 

TABLE 4-15 (CONTINUED) 

PHASE II DOWNHOLE SOIL VAPOR DATA 

DEPTH 
44.5-45 tt 

49-49.5 tt 

54.5-55 tt 

50.5.00 It 

64.5-65 It 

69.5·70 It 

74.5-75 ft 

79.5·80 It 

8<4.5-85 ft 

89.5-90 It 

94.5-95 ft 

T riehlon>o 1 
1i 

ANJLYTE 
1.1-1 
11-1 

11.2-1 
f 11-1 

t tof 
II"IQliOIQ" 1 1 1.2-1 

Trichlof'oet~ 1.1.1-1 .... 
•It 1-1 
• 11 1-1 

Trlchloro-1 2-frilluon»lhene 111.2-1 

DidlloiDethene 1 1of 
o· 11-1 

Oictllocoettlen It 1-l 
Tndlloro-1,2,2-trmuoroelhane (t 1 2.-1 

Trichloroelhene 
t 1· 

OichloroetheM 11 1· 
Trichloro·12.2-trlfluoroethane It 1 2-1 

Trichloro-1;?,2-triiiUoroelhane (t 1 2-:l 

Trichlon>-1 2.2-trilluoroelhane It 1.2•1 
Trlclloroelhlln• 11 1 1·1 

Oichloroethane.n t -1 
Dlehloroethen• 1 1-J 

Trichloro·f.2,2-triftuometnane 111 2·1 
TrichloroethaM lt 1 1-1 

Trichloroethene 
Dic:hloroe ltlane 11 1 • 
Olchloroe lhene 111·1 

richlon>-1.2.2-utt IIOftlethaneJ11 ~-
Trlchloroe Ilene 1 1 1-1 

Trichloroethene 

R~LT 
6 
67 
88 

270 
t1 
81 
tiO 
210 

8 
_7_ 
81 
71 
180 
13 
10 

110 
80 
250 
24 
11 
130 
93 

270 
29 
12 

130 
89 
280 
33 
11 

1<40 
82 

290 
36 
8 

140 
80 
310 
38 
130 
58 

250 
25 
7 

130 
eo 

310 
37 
13 
150 
82 

310 
33 

SWMU 3-0JO(a) 

UNITS 
~&aiL 
llQ/1. 
llaJL 
ua/L 

Pal 
uoiL 
uoll 

_JMI/L 

ua/L 
~&all 
uatl 

_pg/L 
.11atL 

ua/L 
ua/L 

_jtg/L 
p.g/L 

_jlg/L 
.J1.t~/L 
pg/L 
ua/L 
llOIL 

Jlg/L 
uq/l 
uatL 
11a/L 
11afl 
llofl 
ua/L 

Jlg/L 
110/L 

_p._g/L 

p._g/L 
p.g/L 
llafL 
ata/L 
uall 
at all 

SALs for soil vapor, and the soil vapor data will not be used directly in the risk assessment. 

Instead , the soil concentrations of these compounds, as discussed in the next section, are 

compared to SALs to determine if any additional PCOCs are identified by the Phase II data. 
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SWMU 3-0JO(a) RFIRepon 

4.6.1.3 Phase II Borehole Soli Data 
' < 

Soil data were also collected at siX. boreho!}.s for VOC, TPH and tritium analysis. Table A·8 of 

Appendix A summarizes the result• for d compounds analyzed at aoll borehole •mpllng 

·. locations. Eight compounds (1,1.:00A, t.2-DCA,1;1-DOE, Fr.On-113,1,1,1-TOA. TCE, TPH, 
. ~ · . . I 

... , and tritium] were detected in U.• .oll samples. Althoug_h TPH ii not considered a POOO, the 

toxicity of any detecteti.TPH oofflPonenta Is considered. The concentration valuea by borehole 

and depth for an detected co~s are presented in Table ~-16. The data from these 62 

Pm.se II samples will be evalu~t~ t~gether with the 3 samples Coti&Qted at the ~om of the .. . I 
excavation. 

For these 65 ~mptevalues, ftve~mpounds (b8nzene, chtorofo!'fn, ols-1,3-dlchloropropene, 

Freon-113, and TCE): were det~ed In zero':'> two samples.: These _ec,mpounds are not 

considered PCOCs, because, ~PA.:. risk, wessment guidance reeommends that compounds 

. detected in 5~ -or fewer of - ~he :·.~~les ~ho~d not be included in the risk assessment 

(EPA 1989, 03Q~)-. ThuJ, benzene': ~nd ~hloroform ~re dropped f~om the PCOO list developed 
... . . . j •:', ·.f . 

during the scre.ning aSsessment. 

Tritium was. detected ~ -20 sampi~-at concentrations between 0.13 and 11 pCUg. Two of the 

mea$urements are greater thah-baCks:Jround (sample lOs AAC049'0 arid AAC0508). but none 

are greater than the SAL. Thus,_triti!Jm is not Included as a PC(i)C in the fisk assessment. 
. ~ ·. -

TCA (1.1,1·) was detected in 37 -8C)if_samples ,eollected during Phase II sampling, and the 

. highest concentfatlo~ measured 1~ these s&rnPies was 1.8 .mglkg. Be~use the SAL for 

1,1,1 ~ TCA is 1 OOo inglkg, 1, 1,.1 • TQA·:Should not ii~· considered a P.t;QG in the risk assessment. 

; tw~_vofatile orgJnlcs '(l,2•DC#~ ~f.'d :1,1·DCE) were measured at a, c~~lratlon greater than 

the S~l at the uJp.r.bfased·PilisaJ8ampllng location (03·1261}. The~ corripounds were also 

· ~et~ted in the P.hase ft soil data -~rid will be ret~ined as PCOCs In the risk asses! merlt. <: .... _.· ' ' . . \ 
4.&.1.4 · Estlrnatea:_of the Concentralton Term 

. i . . . ·, . ' 
Analysis of the>:fhase ·u data nartowed the original list of five PCOCs to twO PCOCs . . t - . . ·.· . 

_ (1,2..0CA and 1,fDCE)~ The cO~~~~tration ~~ these two volatile· org•nics tn the subsurface 

must be estimate4 for fhe r.lsk calculations. The EPA risk ass&$Stn,~~~ guidance suggests that 

~e ~verag.e 90"-~rntr~t!()~ and 95~)~Cl of ~he a~erage should;~-~ :~$ed as estimates 1 the 
concentrahon'tern:a in the nsk calculateons. Th1s es11mate of theooncentration term Is ~mportant 

l . . . . ' . 
because risk scal4ts linearly with the estimate oft he concentratloiJ. Thusf a concentration of 

·. 100 mglkg is assOc:iated'with a risk ;100 times larger than a conc~_htration of 1 m~g. 
. I 
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TABLE4-16 f 
CONCENTRATION VALUES FOR ALL DETECTED COMPOUNDS 

LOCATION ID SAMPlEIO DEPTH ANAlm RESULT UNIT& SAl 
03·2664 MC0467 11.>12 n OicNotoelhane 1 1· 0.029 410 

0 .014 0 .2 
0 .049 0.4 

Trlclioroelhane I 1 1· 1.8 1000 
TrtcHoroelhene 0.052 3 .2 

MC0358 12-12.s n Tri!Un t.INI DClla 810 
14.f>.1511 0.011 410 

0012 0 .2 
041 mel CO 1000 

MC0.60 0.014 0 .2 
Trlclioroelhane 1 1 I• 0.11 maca 1000 

MC03S7 23-23.511 Trlc:Horoethane 1 1 1·1 0.0311 malca 1000 
Tritiun 0 .737 810 

MC03511 21.r.-2e n 3 100 
T rtc:nlofoelhane I 1 I· 0.15 1000 
Tri!Un 0.8211 810 
Tritium 0 .87 810 

AAC0468 29-29.5 n Tric:tboethane I I I· 0.13 1 000 
03-2665 MC0481 10.10.5 h 0.013 410 

0 .15 rrro/luJ 0.2 
3 maluJ 100 

Tri<Horoethane II 1 1· 0 .88 1 000 
AAC0490 14-14.5 II Tritiun 11.213 810 
MC0482 15-15.5 h 0.014 410 

Oichloloethane I 2· 0 .1 0 .2 
0.034 fill) co 0 .4 

Pelroleum hydrocarbons totat ....,overable 2200 100 
Trichloroethane 1 1 1· 0.99 1000 
T richloroethene 0 .0111 .mQikg 3 .2 

AAC0483 20-20.5 h Oichloroethane I I· 0.011 maiko 410 
Oichloloethane 11 ,2· 0.012 maiko 0 .2 
T ri<HoroethaneJ1 I . 1 • 0 .62 .. ll'lglkg I 000 

MC0491 24·24.5 h Tritiun 1 .203 pCVa 810 
Tritium 1.3 DCila 610 

MC0484 2f>.25.5" Pe~ h ~rt>ons total rec~eble 2 . !I'Vk!l. 100 
Trichloroethane 1 I 1· 0 .059 rnalka I 000 

AAC0485 30.30.5 h Oic:hloroethane 1 2· 0 .015 0.2 
Petroleum hvdroctlrbons tolal recoverable 100 
Trichloroethane 1 1 1· 0 .37 1 000 

AAC0486 35-35.5 II T ri<Horoelhane 1 I 1· 0 .02 1000 
AAC0487 40.45.5 h Trichloroethane I 1 1· 0 .018 maiko 1000 
AAC0488 -44.5-45 h Pei!Oieum hYdrac:art>ons total recovetabte 25 100 
AAC0492 S0.$0.5" Tritium 0 .685 810 

03·2666 AAC0496 19.5-20" Pelroleum twdroearbons tolal -w•ble 100 
24.f>.25 II Trichloroethane I 1 I \.1 0 .011 maiko 1000 

AAC0506 29-29.5 It Tritium 1.184 pCVa 810 
AAC0499 29.5·30" Petroleum hydrocarbons tolal recoverebte 6 maiko 100 

Tric:tboethanej1 1.1·] 0 .012 1 000 
AACOSOO 34.f>.3S II Petroleum hydrocarbons tolal recoverebte 2 100 

Trichloroethane (I 1 1·1 0.013 1000 
AAC0507 39-39.5" Tritiun DC \Ia 810 
AAC050 1 39.f>.40 It Oichloroethane (1 2·1 0 .017 0 .2 

Petroleum hvdrocelbons total recoverable 3 100 
T riehloroethane jl 1 I·L 0.042 1 000 

MC0502 44.f>.4511 OichloroelhaM 11.2·1 0 .034 ftiQ(Q 0 .2 
PeiiOieum hvdroeart>ons. total recovereble 2 100 
Trichloroethane 1 1 1· 0.073 I 000 

AAC0503 49.f>.50 It Oichloroelhane 11 2· 0 .014 maka 0 .2 
Petroleum hydrocarbons total recove<abte 2 maiko 100 
Trichloroethane I I I· 0 .013 1 000 

AAC0504 54.f>.55 It Trichloroethane II I 1• 0 .017 I 000 
AAC0505 59.f>.60 It Oichloroethane 1 2· 0 .013 0 .2 

T richlotoethane 1 1 I · 0 .035 mo'ka 1 000 
AAC0508 59-59.511 Tritium 10 989 pC~g 810 

Anril ?R 1995 
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I.OCA T10II II) 
10).2187 

03·21579 

l TABLE4-16(CONTINUED) 

CONCENTRATION VALUES FOR ALL DETECTED COMPOUNDS 

1.1 ft.(ID 

coeae 11 
COII70 . 21 

M~62, 

AACO r.t 
AACOII73 · ·1 .5-'' O·t 

--: .· .. 1 :.:· ·~ 
AJ 
AJ 

AJ 11 
4~5 AJ 812 . 

U.COII 
U.COII 

. • , .~, 'i}; · 

u.coe 
U.C08 

.· ·. 

' 1111-&S 
l·i74.S.7! . 

. .'J'V,S.I( ..... 

1 ., t · .. ... s.es· "" 
' · 1111.5-0( . -= 

:. · 

,,, l.t.;fc·,,, •' 
··~ c· " .• '<· . ·.,> '.. ,_ ....• 

' ,_, . 
111 .• t-1 ·>.··: 

'" ,,. .., ·:· 
I ;,; ,,~, ,. 

iT.t.f 
Lt.t.J .. 
i'I:W 
1.1:1·1 

>. 

u 8LT UIITS 
IIIII 1111 

0. lilt DC 

~ 
IIIII "" .. G. IIIII liD 

·:. , G. ee: 
I , •. ,., ' IIIII liD 

;:-;:.; ... . ~ ~ : ' . . ·t f~'.J· · tna lea 
lh-·· OJ 114 .. ma lea 
••. ,,o_ ·· ..C: •a ·. 

.• 0. <1110 "" ' .. 
.•i; 
·:, 

· I <> ... , 
':. 

.. ·~· 
._.,. 3'. :. 

.. 
.'• 0.318 

' 0.02'··> 
,..,·.o:ota 
.. 0.012 

. 0.031 

RF/Repon 

s. 
10 ., 
tC 

1100 
100 
NA 

1 000 
101 
I~ 

100 
, 10 

1 
1 000 
810 
810 

1000 
1 000 
0.4 

1000 
810 

1 ooc 
1000 
1 000 
1000 

The area or volu111~ over which thQ concentration te.rm is averaged Is a critical part of the data 
I . . 

assessment. The lhase.ll data have bounded the extent of the subsurface vapor plume. This 

assertion is substartiated by the cQncentration data fort he three most widely detected volatile 

organics in the soil (1,2·DCA, 1,1-.DCE, and 1,1,1-TCA). Figures;4-7and 4·8 depict two cross

section views of SWMU 3~01 O(a) borehole sample locations. These figures show the 

concentration values measured for 1,2~DCA, 1,1-0CE, and 1,1,1• TCA. These data show that 

the highest concentrations are measured in boreholes B1 and B2, which are the boreholes 
• nearest to the upper biased loc,ation. 

I 
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~t~~ 
f.-,11·:-0 

l:ri tk· . 
• "';.7' :· 

,. -,~·J; 

1.1> ~ 
~;~~~ 

~~ 

7470 
IHt 

a bow ... 
IBVBI 

7410-l 

-· I . _ .. 

NORTH 

Sample 
num.ber 

86 

AN:IB .. tm'IIMIO 

Ma.n of IIOIWDrm> 

AAC0871 i- Nll'!OrW 

MC067t l Nl)f«)..).02 

AAC0881 • Nl)WMOS3 

Ma.S2 i- N0.0.01310.062 

MCOW. i Nll'!OrW 

MC08&4 -!- N[)ffi)'HO 

MC0885t~· 
.v.a.vs ~ 

.v.conel NDti00.02 

.v.cr.n ~ NDtl0/0.01& 

AAC0191 -!- NDtl00.012 

AAC08991 NDtiD'0.031 

MC0900 NA 

T096.5' 

B4 

Soil/lUff 
int•rface 

J«<IN[)'NN 

. .L NOrtC!tO.OC4 
AAOOeso IONI)I0.012 

TD25.0' 

I EXPLANATION: 

Backfifted 
excavation 

I 
MC0483 T 0.017h0'0.82 

~r-MCO.aS 0.015/Nilo'0.37 

MC0488 N()'N!)/0.01& 

... , .. .,f ........ 
MCOCM NOIN!lr'NO 

NA 

TD 51.0' 

l~fll,1·0id11arot1hantii,I,1 ·Trichlorcelhlnl 

I NO • ncn-dellct 
NA • not applcabll (no soi data) 
Calcenttationt in rnA - -

... · ':77-{:;~i);:~~ .. ~~i~:~;,,.-r · . . : .:: ;.' , .. 

SOUTH 

B3 

~-ti090'ND 

MCOCrl-t N!lr11W.011 

AACOGil HM00.012-

AJ..CfB1J ~.013 

AACOSOI -t 0.017WI).O.IIC2 

AACI'Bil-t O.O:WIIO.O.O'I3 

~ -t 0.01....0.0.013 

AACOS04 .,. NIHOQ.017 

MCtNt. ..... O.Ot3Hl.0.035 

TDSO.O' 

0 10 20ft 
I I I 

Horizontal teal• 

Fig. 4·7. North-southcross se.ctlon with 1 ,2·Dichloroethane/1, 1-Dlchloroethane/1, 1, 1· Trichloroethane concentrations. 
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The Phase II data suggest that the upper biased location is in the highest concentration zone 

of the volatile organic plume. Samples close to the upper biased location tend to have higher 

VOC concentrations than samples taken from further away. This relationship is clearly shown 

in Figure 4-9(a), which shows that sample locations within 40ft of the upper biased location 
l . 

have elevated concentrations of 1,1,1-TCA. The east wall sample location {03-1263) is an 

exception to this general trend, because it is the closest location to the upper biased sample 

location, but has only one detected volatile organic (1, 1, 1-TCA at 0.03 mglkg). These results 
I 

suggest that the east •Wa\l sample location is upgradient of the vapor plume. The dramatic 

decrease in 1,1, 1· TCA concentration within 40 ft of the upper biased location Is more clearly 

shown if sample locations within ten ft of the upper biased location are e~cluded, as shown in 

[Fig . 4·9(b)]. 

The previous discussion implies that there are logical groups of sample locations that differ 

significantly in VOC concentrations. Figure 4-10 shows a simplified conceptual model of the 

subsurface contamination, including how borehole data are grouped. These groups are 

intended to represent relatively uniform concentration volumes in the volatile plume. Because 

exposure will occur based on an average subsurface concentration, the observed subsurface 

concentration data should be weighted by the volume of each respective
1
portion of the plume. 

The Phase II data are grouped based on the distance of the volatile organic sampling location 

from the upper biased location. Table 4·17 presents the grouping strategy. The purpose of 

creating these groups is to properly weight the concentration data within each group by the 
I 

volume contaminated in that portion of the vapor plume. The 1,1, 1-TCA data clearly show that 

the volume of the plume encompasses a soil volume (or surface area) covered by boreholes 

B1 through B4 and B6, but is also clearly limited by borehole B5. Because B5 is roughly 80ft 

from the upper biased location, 80ft was used as the maximal extent of the subsurface plume. 

For group one data, 10ft was used as a conservative estimate of the lateral extent of the source 

area of the plume, because the 1, 1.1 • TCA soil concentration is two orders of magnitude lower 

at locations (lower biased location and boreholes B1 and 82) that are roughly 20ft from the 

upper biased location. The vertical extent of group one data was estimated to be 10ft, based 

on the decrease in 1,1, 1-TCA concentration with depth observed in boreholes 81 and 82. For 

group two data, the average distance of samples collected in boreholes 81 and 82 was used 

as the radius of lateral extent (Table 4-17), while the vertical extent of this group was based 

on the observed depth of elevated 1,1,1-TCA concentrations in boreholes 81 and 92. A similar 

rationale was applied to estimate the subsurface volume within data group three. 
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Boreho .. 5 Boreholes 3, 4 and 6 
I 

Lower biased 
sample location and 
boreh0tea1 and 2 

. I t 
Fig~ +10:. ,~l~llfi~ cross-sec:tioJlal view of the subsurface vapo~ plume, which 

· :shOWs the 'four data groups used to estimate the concentration .. term for the rislt assessment. 
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I 
~ TABLE4·11 

GROUPING OF THE PHASE I Ado PHASE II SUBSURFACE VOLAnLE ORGANIC DATA ., 

AVERAGE NUMBER SUAI'AC:E UICRIIIENTAL W£tGMTINO 
DISTAN2f OF VOC AAOIUS AREA DEPTH VOL~ I vo(tw· PACTOA = DATA GROUP AIOII U8 ANALYSES (fl) (II) (fl) (U THIS GAO 
lOCAnON 

ua~oc:-.~n 0 1 10 310 tO I tOO asoo 0.11'11. 

I &a lclc:8lan. • " ~ 2100 40 110000 noooo ..... .,....,.2 
~ ...... ., Ill eo ttOOO 80 1000000 aooooo ~ 

I EW' IDcllbl, ., 12 eo 110000 110 1100000 JIOCIOO .... 
BcNbolel 

, us. Upper biated locdon (OS-1261). 
• Welghla.,. roc.rtded. Do not add 10 10CW.. 
• lB. l.oMr biased locltiDn (QS-1282). 
• EW • East Will location (03-1283). 

The statistics for the subsurface data groups are presented in Table 4·18, which summarizes 

the data for three volatile organics, 1 ,2-DCA, 1,1-DCE. and 1,1,1· TCA. The1,1,1· TCA data are 

presented for comparison purposes only and will not be included In the risk assessment. A 

simple calculation of the average and UCL for the 65 samples differs from the weighted average 

and UCL calculation. The weighted average and UCL will be used in the risk assessment, 

because these data better represent the subsurface plume. A key assumption needed to 

calculate the weighted UCL is an estimate of the variance for group one data. It Is assumed that 

the coefficient of variation for gr~p one data (CV, which is the standard deviation divided by 

the average) is one--half of the lev for group two data. There is a general trend for data 

variability to decrease as concentration increases, which is the rationale for making the 

conservative assumption that thebv is reduced by one-half If the concentration values are two 

orders of magnitude higher. 

Exposure Assessment I 4.6.3 

Exposure assessment, disc~sed in Section 3.3.1.2, is the process of quantifying the exposur& 

to a chemical by measuring ~r estimating the intensity. frequency. and duration of exposure. 

The principal elements of exposu~e assessment include the stePs described In the following 

subsections. . I 
4.6.3.1 Potential Exposure Pathwa~s 

Exposure pathways are the mechanisms through which an individual may come into contact 

with a chemical in the environmJnt. Exposure pathways are · influenced by environmental 
' . I conditions (e.g., depth of groundwater, extent of vegetative or other cover, prevailing wind 
I 

direction), by the potential for the 1emical to move from one medium (e.g., soil, water, or air) 

to another, and by the general lifestyles and/or work activities of the potentially exposed 

population (e.g., gardening, const~ction work, office work). 

75 Aprfl28, 1995 
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l Table4-18 

UMMARY OF THE SUBSURFACE CONCENTRATIONS OF SELECTED VOLAnLE ORGANICS. 
~THE WEIGHTED STAnSTICS ARE CALCULATED B~ED ON THE VOLUME CALCULATIONS 

PRESENTED IN TABLE 4-17 

ANALYT£ 

DATA GROUP STATISTIC 1,2·DCA1 1,1•DCEI t,t,1•TCA1 

One - ~ 1 1 1 

Average ' O.G1 28 100 

St. ct.v .. , NQ; fC fC 

var~ancee ' 0.6SI6 3-42 3820 

Weight 0.17% 0.17% 0.17% 

Two Count 16 16 16 

Average 0.023 0.012 0.42 

St. dev. 0.041 0.015 0.53 

Ot/7 I 1.83 1.28 1.25 

Variance 0.0017 0.00023 0.28 

Weight 6.1.,.. 6.1% 6.1% 

Three Count 36 36 36 

. Average 0.0066 0.0052 0.021 

St. dev. 0.0054 0.0013 0.022 

Variance 0.0000_3 O.ooo0o_18 • 0.00049 

Weight I 50% SO% . 60% 

Four · Count 12. 12 12 

.. Average 0.0048 O.OQ48 . 0.0098 

· St. dev. ·0;00058 - O.oo058-· f 0~0094 

Variance 0.00000033. 0.~: ' . ~.000088 
Weight 44% -44% 44% ... -AD Count :, 65 65 65 

.-. :Average 0.024 0.45 1.6 
-.. -- ,·. __ 

3 ;6 ,: St. dev. _ 0.11 12 

. lis% l.iCl~ 0.052 1.3 4.7 

Weighted · , Average - ' 0.0084·-· _., 0.056 o:21 

·:_, Variance 0.0013 . 0;59 6.8 
. 

COunt 24 24 24 
,· 

95%UCl-.. 0.024 . 0.38 1.3 

• C>CA ~~than.. 
• DCE. •-~thene. 
a TCA~;r~ltt~e .. 
• CoUnt • Number ofanalyaes. I 
1 N~ ~;,;, :~,'devialion CBMotbe ealculated wilh one analysis. 
• . . _ . · from the. QOGificient of variation (CV) for group two. We assumed 

· · · ol\0--half ol ~··CV measurod.it\ group two. 
cy;:~~- -~~~~fdlih.t;~f;y~ri~~io_hr.,:; :. 
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Although many potential pathways are possible, only a few may be complete. For a pathway 

to be complete, each of the following elements must exist: 

• a source and mechanism for chemical relea~e Into the environment (e.g., air, water, 

or soli); 

• a point of potential contact with the environment; and 

• an exposure .route at the contact point (e.g., inhalation, Ingestion, dermal contact). 

A conceptual expo&ul'8 model for SWMU 3-010{a) 'was presented in the Phase II ~g plan 

(LANL 1994, 17-1222f~led ori the·resufts of the Phase I investigatiOn; The following potential human 

exposure pathWays werfi:identitled: 

• SoiVsedlment 

• lnc_identa! ingestion 

- dermal ·contact 

• external radiation 

• Home-grown produce 

-ingestion 

• Air 

• inhalation of volatiles 

• SUrface Water 

• i~l ingestiOn . ..; :· ·;: · 
.··; 

- dennat:contact I 
.. . . . . . . \ 

,Results of the Ph~aseJii~v~.$tlgation , ho.wever, suggest ·that the ~jcnity of these pathways are 

.· • · .•·: .,. ~~~~ ~omplet~: FQ·~. e~~.~~~~;-t)~e:~t'~~ the results ~f both phase~;~1.,:i~.~e_s~igation, the. PCOCs 

• {: , ·::r-are pr.$sent: in: ~~ly ~:;.!lritlted . ~re~·: C>t subsurface ·~oil. Direct ~~;~~~ ·:to. soil wou~d not be 
"' .·"·' . ·•. . .. · ·:·" .,. ·: . : ·, ,•·:,, ... ·,.:·;: ... : ···.·... . . . . . -- ·,·.cJ,> ' J;-:··• ·:·c" ·, ,. I 
_ . ... expected •. reg.Brdless:Qt -fuh•re 'tand.'.u$e. In addition, none oHhe~:P'COC& 'are radionuclides; 

.. : · .. _·' -. ~-~:_. ': ;:. ··: ' ';. ·; '·.··~: ~:;_ · .. ~ ~- l~ ... :<< ;.f.:_;:.,";,. :;_:-~ ·- ~<_;--,\:-_ --~ ~· - -/ . ' ·:- .. ,.:· .. ~-~: .. f~~ :·":.:,:~l ... ' ~--- : -\ 

· · · ;,. '-therefore •. the ' eXtijrnaf 'i adiaiiein·;;"pathway· is not applicable . t~~~~li.;:~sWMU. - Ex~sure via 

,. ' •. ··' ,,: .. : >.i.riij~s~!~~: 6i h~T~~~~~war.~d~~;~~~W9_ul~ not~~l~~;e~t~ io ~~t~~~~se ~he Pd()cs are 

:~~t~';:.<~:· ··:~.o ·" ; .. :z: ·:: :!O~~~~d &'evei~~~~~f~.;;~~1.~~ 'sti'~~¢:Ei;'a~~'both PQp(?s are v~l~t.i[~$~~~~~~~om~unJs. which 

.•.. · : . ;~· ba~~ limited·:ii&ilil)/i6:&jni:~htrii~in:~,~nts~ Finally ; ~o~eofthe'Pd(iC,;{tl~~deteCt~ ~~surface 
#•:;, : r'_;~, '; , _.- '. •;'· .• ~ :: • : • ';-' , < •:·;'~-:('~,: ... ~:~.:.~;.~:-~·, .. ." .. • ·.,.~'';', ' _•.- >, ' ., , ·~ • .-\•:::...,:;..~ .. ~-~ >o.:·:,:,':'":·'·,' • ' 

· · · ·:·,. ,water' colle~te<(;i;:Oin: a~~.-H~iu~y drainage. Tn~refore, based .. ~n:1iil~Jjid~itlonal · intC::rmation 
.. .-··. ·-~-·-- .,;r.~·. ,...·.-~ .. , -~·-·····:. ·J."'"~ :-~ .,._;··-. ·.-r , .. -.:,', ":'··· '·~ ... t 
· ... · .·'.coUected• . '

0 

• • • .. , •• "bnJy;:;~:otentially corriplete :exposu~wtf>.aihw~y for the PCOCs is 
·· ~ i~h~latio~ . ·· ' ,; .. '- : ·. . .. ,, · 

r 
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------~----~--------------------------------------------------

En,lllrrlnnna.,•taJ Fate and Transport ofPot,ntlal .Chemicals of.Concam 

.. !~e~PCOC.s is contr9llec;t .by :th~, C?.':'R,1LI!'.ltlve interaction of transport 

rallSTorrna'liOin :lllf'~c· • ·9·1·~ .. ~ .• ,."ets •... :Onc~:reJease~J nto:.the ~niit!9nm~~t,: ~ chemlcaJ .may partition 

betwE!.en~ ~ ..v•lnc•usi~ mlidlia : i(~;~'5iou:.:·. ,w~te~. :~ir.}. The · tr~.ri~~~· ,~r()C~~es that define the 
·mr\v#l'""'n' · of;£,ch•,.milcalltU.teh·c;~,.::~0~u: .m ~n1edia ~~;~ · ~'.!function od~~Jphy~ico~hemlcal properties of 

nn1m·n' · .. ·, ., • " ~~~:ia . . 

; ' :Th&J~~yslcal constants for the 
. ·: ~ · .. /"";.; ·-· ,• . . 

· . .,.... · ·slaw 



~~\\:.0· ;?;~: :::t:?(~f!i/+:t--\~~r.- .: ... I ----~~5 ____ :i~; .;;~-~-:- ;~~~r::: -~~~G:fi ~- ~~~=~~~;~ _~:~~~ ~:-; 

:~~.~~:.~.~-~.f;£-~:_·~i;W.rr - ..... ; ., :· -~ ---- swMU 3-oiO(aJ 

~~_f_;:y>:~- .. _: .ji:;i~~.(~-, ~~bi~: ii~!~~--~~on; :~-n\1i.wiq~hpeed)~.Accordlng to EPA'~· RJ#k Asse~nt:~uldance 
-f -----:.:>- .: >~~;~f~:t· ~~~p'~~ti~~;X(~~~~~)--. ::;_P'a'{t - s, ·~; DeY,~Io_pm~nt of -_ RI_sk;~,~-~-~~ {::ft~~-·~t-tion Goals 
.!-:~ . . . ':; ; ~ ·. ··:·· _·,·-- .. ~:···!; .. ) "..·: \,:f·:,. ·-;:; =t.-":':··~· -~-: : __ ~--·t- • ,;· , _ .... ·:~ ·' • ' •· •. • .• ;·-J·--~·i~-:~:-:::.>: -~ _,.,:..·. .· ·. 
;1i><~:L ,,.-~ _ .-- · _: ' -J~PA_~J ~~l· O~O~K!-~:Pia~lllz._~Uos:t_!act_or•;.can .be_ ~s~d .to :<fefjn~;~he:·~~latlon,ah'p between the 

~~:·_~);E: ;·---_: ·_.::.:-,Y~~~C.~~:~~J~C0'·j!i~~~~~-~-~~]~~~--~-~.~~~i,t}:i~i~~---~~~~~?.~!-t~t~;!~t~#~~~~~·:~~l~sed-box 
~:;.;-:: _( -''-·>·'' .. ~~-~ • .,a_-..·~ thelmpa*'~iCt•ijta:" E~Al:P.re~nt~ .arit-.qi.iali~ra tcfca~~"l~ie~f:ie}l~tll.~t,on faCtor tn 
~{~_..:( ·--~:¥·;'::.~·- ·· · -- ::· ·.- ._·::.:-;~.:.;! - :~~ ~-~;- ~;,~~~ ~-.-~~~! :·_; ·;.: .. : ;~·::::~~;;~-:~-;~ ::.:·_~·;f:~ :~~::~';~,~~~·;"_:;:~ -~·~i .-:~:.· . .;"';,;:<:.::-~-~~ . ·I~~--·. ),-~~- :~"~:-.:;..~-~};.- : .. ·: .:: :-; <-; <- ; ~- ,,. :·- · 

~ .. f-,~~-:{- -' ,c:': ~,- :''"---~~~:~·-·~t_Bt~~·~~~·;w~:~'et-ie~if(e~,~E~A'-·~:9~2~''1·'lo~'_~f)i~n ~hlauaea,ment, the 

~~,~~; .•. :'•'11t1~{~!;~~,~~!i~~::~~,~~-·~~: . 
. _: ... 

,19~n. 6302); 

·. - .' - . -7'· . 2 
.. 9 x.1o· .em : impacte9 area); 



SWMU 3-0lO(a) ~Report 

Koc • Organic carbon partJtlon coeffiCient (cm3/g; aee Table 4-19): 

. OC .. Organic carbon content of 1011 (0.0046; Longmire et al,ln preparation, 1142). 

The volalllization factors estimated tor.the PCOCs are presented In Table 4-20; the actual calcutations 
• . : I 

are sunmarized inAppe.ndi:lcD.It ahcMd be notedthatthismoclelaaeurnea.llatthe .... otcontamlnatJon 
. . ' > ·:·.: . .'. '.•· . j ". ' 

•• the surface. At . .S\'iMt;t'S.010(a)~~th~: ~ed-arei .ls coveredby.much.u10ft or more of 

Wli~ed soil; ~~'~ vOia(lzai\k;n factors used :In this ~ tnoli. llcely NpNient 

consefY8we estimates~~ ~\he Potent~ exposed populaa~)lt should also be noted that 

. . ~A b In the process oh~g ~ ~~lzation:fac:tor ~tion (EPA 1BM,1.7-1224); however, this 
.. - .. -.: . 

:revision is not expected to'haVe a ·~ effect on the precfiCted volatlliz:ation factors. , ' 

TABLE4-20 

·ESTIMATED VOLATIUZATION FACTORS FOR THE POTENTIAL CHEMICALS OF CoNCERN 

EXPOSURE SCENARIO 1;2-DICHLOROETHANE 

· · .: . tong-tenn worker ( ·.:: 
·t ' ·. 

2 597 . . 

1 559 

. ' 211 

127 · .•.·· 0:' "Tr:Bi user(adult) 

. :_ :· . , · . ,Thevolcitilization factor model is not considered appfJCable ifthe soil concentration of. the VOC ls above 

. . .. :/ .. ~-;;t~turation (EPA }99.1; ~02}~ ·:The ~~u~ation ~ntration is the -~~tion above which 
. .. .. · -.· .. : ......... ·. ~- . . . . : . . . :· . ·' - :-- '_ . . . :·. . - ' . ' : ' .... ~ - -~- . .... . _:: :. ~ . 

. . · ·• .. ~ contaminants may be:. present. ·ePA presented . an equat~do .. :C.fcuiate. the saturation 
' : :<:_--" .•••.•. _. •·• ~ • . ·_ ' ~- ~-~·.·:. ,: ..... . · .. , • . ~ • _ .• :~if--~:':: ·----~:: . ;.:_ :·"' .· . ,- . 

·: : .·; :,: ·~ration in RAGS Pa·rt e; but tli!s: eq~tiOn was revised i.o 1992 -(EP~ J:!$.2.-11-1223) and again in 
,· . ;:-.·-~~·· ': -~._ -.-~- . - ._ . . ··._.' · .• ,·. : __ :. , ';.. ~_~, -~<'.:. .· .. : . . :, ·- ~~~:.! .. ~~-~~ . .--"';: . ' . 

. . · 1994(EPA 1994.17~1224);-,The~.urr~tequa!i.Onisshownbelow: lt$hotild~~8dthattheunitsforsome 
__ - ... ~ .... · •... ' . . . . ,• ' ,i: . -~ -~:·.-·.:> _:_/' .. - . . ... -. ··.. . . . ':: ~;l}~~ ~-~-~:.::: .. :. . . 
• ~oMhe parameters comtnon. tQ',both:#le;voJatiliiation factor::and soil satunition mooeiS are <flfferent, 

.~' ~gh interchang~abt~:~~~ ~~,~~~uiremenls ~f the intf~~f~~tiOn& . .. 
:, .:•· .·· '<< s . \ " 
.;:,> .. C ·· '=-x(K xfJ+P +HxP) 
>':- . . 'r':' . .. B. ' . . . "' . .. •~ . • . 

• ,•" .-:t I 

~ -: . 

Csat = Soil saturatiOn eonctmtratlon (mglkg); 

t 

' I 
Kc:t = Soil-water ,lartitiorHX-~ient (mglkg-soll per mg,IL -water;. Koo ¥ OC); 

. ·'> • . } . .... . ;. . . .· . . : . 

Koc = OrganiCcatbonp.artitl001:oiffiCient (~~~per mgll~waier; 5ee T8ble4·19); 
- ~ ' ... •; . . . ; . . . . 

.· ~ 

OC .. Organic Q~-·cOnt ... t of sbll (0.0046 kg.tiCJkg-soit; lang~ire eta. in preparation, 

1142); 

I . 
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S = Sokmllity in water (m~·water. see Table 4-19); 

f3 = Soil dry bulk density (1.25 kg·soii/L-soil; Longmire et al. in preparation, 1142); 

.J t . . 
Pw = Water-filled SQil porosity (unitless; Pt·Pa}; 

I i 
H' = Henry's L4w constant (unitless; H II 41, where 41 is a conversion factor): 

I 
H "' Henry's ~w constant (atm-m

3
/mol; see Table 4·19); 

.~ 

Pa • ·Air-filled &01 porosity (unitless; Pt.S); 

e ... Volumetric water content (L·water!L·soil; GIVPw); 

6m = G.ravimetric water content (0.088 kg·waterlkg·soil; see Subsection 4.4); 

Pw = D~y of water {1 kgll); 

Pt = TOtal soil porosity (unitless; 1 -JJtp5); 

i 
p1 =· True soil density (2.65 kg/L; EPA 1991, 0302) . 

.,,., ... r~•tin;n con<cerltnltions estimated for 1,2-0CA and 1,1-DCE are 1461 rng/kg and 999 

oec:tiVelv: •n ..... ,. .• .,,. calculations are summarized in Appendix D. The representative 

co:nc~mtlration:s'CI:ilctl.llalled for these chemicals in Subsection 4.5 .1 are well below the saturation 

co•ncE,ntlratiion.s;dlhe:retore, the volatilization facjor model is applicable to the this assessment 

. ion of vapors emitted .from subsurface soil . 

... ~.ft ..... <f•'a'tardls · &.$s•oct,.at~d with exposure to a chemical are proportional to the amount 

taken:uobvttierl>odv·m:e ·. d~se). The equation used to calculate the average dally dose (ADD) 

do~e (LAOD) for inh~lation ofvapor$ eiTiittod from subsurface soil 

,se;cticm Toe ADD and).A'oD both provide quantitative estimates of an 

, ...... _,._, ... _, f)e)Q:ii0'$1Ure to a chemical. The difference bet~een the two estimates is the time 

thEt::ei~eoc>surreis ayeraged. NoncarCinogenic he~ith effects are assumed .to occur ~ 
' ' ' . . ' . t 

a!tl:'lteshc>ld ~tio!~e·. isteached (see Subsection 4;5.3.1);-therefore, the ADO during the 
' ' ' . .. . . .• · . 

, be ~~termined (i.e~ . it an ·individual is exposed for six years, is the 

years?). Con\ler~eiy, carcinogenic health risks are 
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is exposed for only six yeaL, what is the probability he will develop cancer sometlml in the 

future?). I l 
· Th~ con:aponents of this exppsure equation are presented below; va.tues used for eac Input 

. ~;.meter, including the soArce andnltiona~e. are iummarlzed In Table 4·21. j . . . I . ' TABlE~! ·. , 

... _ .: EXPOS~A~PA~,.~~~-!!~THEINHArT•ON~~PATHWAY . , 

. :· '·Total exposure time (ET) 
. · __ . :~: . . 

- ~efrequency(EF) 

. ·: / <~sure duration (EO) 

~ ·~ . :· . 

hrlld~y . !: ~-·Value: 8 . 
. .:-· .··- . \ .. :-:-·---~ . 

., ~-v•"* 2 
. ~ "RatiOnale: tANl; -1~ . · Aationale: LANL. 191M 

daystft :::: .~\.'~•:' 2so :.V.~: 1.70 

: ' Rationale: t.ANL; 1994 : Ra'~jale: LANL. 1994 

Y.r& · \'~~~ 
: Aaliclnal8: LANL, 1994 . . :f:ba~!IJe: LANL. 1994 

" . 80dy w.q,, (BW) kg . : vatue: 10 . :v~:· .7o l 
: . . · · .. ::R.tienal.: UNL ;1:~ ~~e: LANL. 1994 .. · ~-- ~-~. -·~. -· -- ~----------~~--~~---~----~------~--~----~-----4--J 

~::·.:~<-.:,._:·;~: .. .' :: ·.·-. ' .. -~ ' -. -~' ... ,' > .-:r ... -~:;~ .'.·:~ '· .• ~_:..····.: 
' .:· .:_t~&atlon <>f. VaporS Emitted-fro"' subs"&lrface Soil 

• < .-:.D_:,r~ :,_,;; ,_ [$dm-><ik. xir~:EFxEv :·· · 
_.,_ osew = . . . 

.. ' ·'. ( :· VFxBWxAT · 

Dose1v = Dose received througl:i inhalation of vap<?~ (~-day); 
·;~:: . 

. -· ··· 
~. .. 

·' (~ill = Chemical. concentration irrSoit (mglkg); 

-~.ri~: ·a _. l,nha~t~·:t~: (~;IOOur)ii -~ ··-
.. ·.• . -.- . : ::: : ' ~ . ' . 

. ' '::.. ·_ :-_. . . ' '. -·.-.. ; ;, . ; . ' 

· .-:et.: = Exposure-tinie (hours/day); 
. . . -. :~ ·/:::;: .... . . ' ......... . 

,I .· .. 
. ED:·. • · ExposUre dtiration (years); · 

.. ,_.. .·.:;1~ :. ' · .. . :_._,_ . . ~- ·::-···. . . . 

. · . VB~~ = 'Vola~iliZaiiQO. f~ctot (m31k9; ~lculated as de~ above)i 
. . . . .: .··. ·- ,· . . 

\ 
I 

... -;. 
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Doses estimated for the PCOCs are presented in Table 4·22; actual calculations ara summarized in 

Appendix D. 

TABLE 4·22 

DOSE ESTIMATES FOR THE EXPOSURE SCENARIOS 

EXPOSURE SCENARIO AVERAGE DAILY DOSE (ADD)" LFETIIIE AVERAGE DALY DOSE (\.ADD) 

-~ UCl OF WEIGHT£D I WEIGHTED AVERAGE K~ UCl OF ntE WEIGHTED l WEIGHTED AVERAGE 
AVERAGE AVERAGE 

1,2-Dic:hloroethMe: 

l..ong-eetm -- I 1.23x10 .. I 4.3h 10'7 OOx10'7 I Ui4x10'7 

Tr.a~(.U) 4.30• 10'7 I 1.S1 x 10'7 5.53x10 .. l 1JI4x10 .. 

1,1~hytene: 

l..ong-eetm --
2.~x10_. I 3.S3Jt104 8.56x104 l 1.26. 10 .. 

Tr.a~(.U) 8.311• 10'5 I 1.2411 10'5 1.08 X 10-5 1 1/59. 10 .. 

• Units are in mlHigrams per kilogram per day (mg.t1(g-day) 

4.6.4 Toxicity Assessment 

As discussed in Subsection 3 .3 .1.3, toxicity assessment is a two-fold process com~osed of a 

hazard identification and dose-response assessment. The outcome of the toxicity assessment 

includes toxicity criteria (i.e., RfDs for noncarcinogenic health risks and SFs for carcinogenic 

health risks) used in the risk characterization to estimate the likelihood of adverse effects 

occurring in the identified populations. The basis for these criteria is described briefly in the 

following Subsections. 

4.6.4.1 Toxicity Criteria for Noncarcinogenic Health Risks 

Biological effects of noncarcinogenic chemical substances occur only after a threshold dose 

is reached. For the purpo\es~of establishing health criteria , this threshold dosJ is usually 

estimated from the no-observed adverse effect level (NOAEL) or the lowest-observ~d adverse 

effect level (LOAEL) determined in chronic animal exposure studies. The NOAEL iJ defined as 
I I 

the highest dose at which no adverse effects were observed, while the LOAEL is defined as the 

lowest dose at which adverse effects were observed. NOAELs and LOAELs dei ermined in 

animal studies are used by EPA and other regulatory agencies to derive RfDs. RfDJ. which are 

usually expressed in terms of mg/kg per day, are criteria intended to represent the h~ghest dose 

of a chemical that is not expected to cause adverse health effects over a lifetime of daily 

exposure. even in sensitit i1dividuals (EPA 1994. 17· 1225). 
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\ \ \ 
Uncertainty factors are used to set RfDs in an attempt to account for limitations in the quality 

or quantity of available data. Most RIDs include at least a 1 oo-fold safety factor: a fa~tor of 10 
\ 

to account for uncertainties in extrapolating animal data to human health effects, an~ another 

ten-fold safety factor to account for differences In sensitivity within the human population. 

Further, if the available database is incomplete or if the chemical is persistent or bioaccuJnurative, 

then an additional tenfold safety factor may be applied. I 
4.6.4.2 Toxicity Criteria lor eorc/nogonlc Risks ' 

Regulatory guidance assumes that carcinogenic chemicals should be treated as if they do not have 

thresholds (EPA 1989, 0305). This approach assumes that the dose-response curve for carcinogens only 

precftcts zero risk at zero dose, i.e., for all doses greater than zero, some risk is assumed to be present. 

To extrapolate theoretical resP.onses at dose levels much less than those examined experimentally, 

various mathematical models ar~ used. The accuracy oft he projected risk depends on how well the model 

predicts the true relationship between dose and risk at dose levels where the relationship cannot be 

actually measured. , 

Heallh risks for expo""'f to careinogens are defined in tenns of probabil~ies, which identify the 141ihood 

of a carcinogenic response in an individual who receives a given dose of a particular compound. The SF, 

which is expressed in units of (mgfkg per dayf
1

, is defined by the 95 percent upper confidence limit (95% 

UCL) of the slope of the dose-response relationship in terms of the average daily intake of a chemickl over 

70 years. By using the 95% UCL, the estimate of carcinogenic response is purposely conservattve and 

is expected to overestimate the actual risk posed by the chemical. l 
' I 

4.6.4.3 Toxicity Criteria Used In Health Risk Assessment 

The EPA has completed toxicity assessments for both PCOCs (EPA 1995, 17·1226). The 
i. 

associated toxicity criteria used in this human health risk assessment are presented in Table 

4-23. 

RR Report for SWMU 3-010(s} . __ . . 85 , . . .· . . April 28, 1995 
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TABL£4-23 

TOXICITY CRITERIA fOR POTENTIAL CHEMICALS OF CONCERN 
~ . . ~·· . . 

~ . ·;~· . . ·.~· . . . . '., .. 

TI;~.J :/ .. i :CHEMicAL fHDt' sFf' 
·.;·;:,* · :~·- · .· ,·i., _;·"· .:.~_-c_',:_·,;.:.-~. ·. . - . (m .. &~ .. y)' (m .. ,.,.-.. _y~·' 
:~~~"1';/\·:p/:_; ;: L ,:·_ ·t--~~--~- ~~....---+---~· ~all~~· - ,_ ... ,._ .... ,...__ __ -f---.;....;:;W"--..--~-1 ---i 

· ·:~::: •:.1.2~o~~;::;>.<- .· · · Nc>fci • .,nnliu~d e.1 x1o·2 

ff..~;_t;. _L·:,_-~:·:· ·:. : ;,!:~,~~~-~:·.~·~;;.~,- ···-9·k•oo3 
.... . . . • ..~ ' • -. ·---~ .... • '! .. ',r'-"'< .. • ' • ~ • •• ::c f: . • ' .. - • 

,_,
7 

,, ; • : • ·: • • ~:a lnhlleiiOft'~--- :c&PA -,~;~7.~1221$). . . 
{;.~:~~(- -~-' ., -. ··~·-~'~ .• ~(EPA 1895, 17-ocl122f}. 
~ .. · ,. ·; · --~··};~}:R·:r·t?>f':~~:..·· --.. 

~--~'~··,; __ "_._~ •. _::·.-.. ~_-.·_:.·.·_.· .. ·._:··._.~:_ .. ·_;:: .. ~_:·:····.'_:_.·.· .. { .. -:·.:._._· ..•. :;: f.6~ ·, c;~lalf.~~~tlon .L t~·-~ •.~,·- :. . < .: .. 1.>5t,~:\ ; .:; t.fL~ _. . .. . 
'•f'-As diseussecJ io' Subsection 3.3.t.4, risk chara(fteriz~tion represents the final step in· the risk 

iJk.L. .., · .-->J~~es~~e~~i.~r~~9-~s~;i~Non~ar:~inogenlc ·and.'~arci_nogenic ·:h~alth .risks are characterized 

~-~' y~~~ 
:?~:. ~( . : ~iiks1hat ~9~~jy~~-&rfa"nt:i~gulatory.conceri\ andcthe-uncertainlyinberent in their calculations. 
-1~:}?' . _,. .· ·._,·_::~;E-:H~;:': :; ,,,;~> .;: . .. . . 
~~. ··· ·4~'6;5~ 1 · Nonearclnog.er:-lc H•alth Effects 

... . ·:. -_.\' · .... ~\~~: ~}~~~-~:-'"' ;--~- :··. . . . 

. <,_:. P9tentia(n(>:O,pa·rcll)()genic adverse health effe'cts are evaluated by comparing the ADO to the 
·· {~v, ':, ... ~ ... ~ · .~. ··•' .)·~,, ;,' ··,?·\~::.:_· .. ~·'·.'' • ';:-•!.(, -~· .. ;_':.'; •, • ," ' ,',,,•:-

• ·l ~ppropriate)~f[)~:fhis:coinparison is expressectiruerrns of a hazard quotient, and is calculated 

· · · '}· :::~~ ;foUo~~i!~-~; ( : . 

1.8x 10"1 

. <ittU.afd Qub~ent ~ ADD 

· ' )~re' AO~~~~~era~~aily aosLglk~daf, ~· Table 4·22) 
' .. . . /, .. (; ·, :,:::~ ~-.~-~- ~= . 

··.·· .. 

.~.Rl~;ts> ' !)l')e 111_d.~t~:U~tt .. 1t1te >,Jll~!iCUKj ;bXposure should not pose a 

indtV~LIBI~:~n~IIS potentially act on the 
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The EPA has stated thatthe upper end of acceptable risk can range from 10-4 to 10~ (one-in·ten thousand 

to one-in-one million excess cancer risks In a population), depending on site-specific considerations 

(e.g., size of the potentially exposed population, likelihood of residential land use 

(EPA 1990, 0432: EPA 1990, 17·1227). Based on current site conditions, the estimated cancer risks are 

within the range of acceptable risk levels. Given the conservative nature of this evaluation and the small 

size of the potentially exposed population, these results suggest that inhalation of vapors emitted from 

subsurface SOil should not pose an unacceptable cancer risk to current and future workers, current and 

future trail users. 

4.6.5.3 Uncertainty Analysis 

Uncertainty is inherent In many aspects of the risk assessment process and generally arises from a lack 

of knowledge of: 1) site conditions, 2) toxicology of the potential chemicals of concern, and 3) the degree 

to which an individual will be exposed to those chemicals. Various assumptions are then made based on 

information presented in the scientifiC literature or on professional judgment. While some assumptions 

have significant scientifiC basis, others have much less. Assumptions that introduce the greatest amount 

of uncertainty and their effects on the noncarcinogenic and carcinogenic risk estimates are discussed 

below. This discussion is qualitative in nature because the uncertainties associated with risk assessment 

results are often diffiCult to quantity. Where possible, order of magnitude estimates of uncertainty are 

provided. 

Representative Concentrations 

As discussed in Subsection4.5. 1, the representative concentrations for each PCOC represent a weighted 

average or a 95% UCL of the weighted average of data collected during both phases of investigation. 

Several assumptions were required to estimate these weighted averages, including the average 

concentration of the PCOCs at varying distances from the source (identified as groups one through four) 

and the volume of soil containing the PCOCs at those estimated concentrations. There is additional 

uncertainty in the 95% UCL weighted averages, because one of the four groups of data is represented 

by a single point. Therefore, a level of variance had to be assumed for this group to calculate the 95% UCL. 

These assumptions likely overestimate the average concentrations of PCOCs remaining at 

SWMU 3.010{a), but probably by less than an order of magnitude. 

Toxicity Criteria 

There is considerable ufiCertainty in extrapolating the resuhs from animal bioassays to humans. 

Depending on the type of extrapolation model used, estimates of carcinogenic potency can span several 

orders of magnitude. nr SFs used in this assessment were developed by EPA. The linear multi-stage 

model used by EPA is purposely designed to overestimate rather than underestimate carcinogenic 
I . 

j 
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was set to protect groundwater from these constituents. The petroleum product at the site is 

vacuum pump oil, as evidenced by detecting benzene in only two of the numerous volatile 

organic analysis at very low levels, thereby eliminating it from the risk assessment. If the oil 
. . 

were fr.om gasoline or diesel, more of the BTEX components would have been reported, and 
' 

at higher concentrations: therefore, the residual TPH contamination is not considered to 

represent a risk to human health or the environment. No further remedial action Is recommended 

for the residual TPH contamination. 

Confirmation samples taken after the VCA identified the presence of VOCs (1,2-DCA and 

1,1-DCE) in soil that had not been identified In the Phase I investigation. The Phase II 

investigation successfully characterized the nature and extent of these VOCs, and collected 

data to assess the potential health risks to human health and the environment. 

The human health risk assessment evaluated two potential site-specific exposure scenarios: 

occupational and recreational {trail user). The only exposure pathway of potential concern 

identified for both scenarios was inhalation of vapors due to volatilization of 1,2-DCA and 

1, l·DCE present in subsurface soil. Results of the human health risk assessment Indicate that 

potential noncarcinogenic health risks are below levels of concern for both exposure scenarios. 

With regard to potential carcinogenic health risks, the estimated lifetime excess cancer risks 

were 2E·05 and 2E·06 for the occupational and recreational exposure scenarios, respectively; 

1 . 1-DCE accounted for greater than 99% of the total risk estimates. These risk values were 

calculated using conservative exposure assumptions and are believed to represent upper 

bound estimates of potential carcinogenic health risks posed by the site, especially given the 

fact that there is only limited evidence that 1,1-0CE is carcinogenic in animals and is very 

unlikely to be a human carcinogen. These risk values also are within the 1 E·04 to 1 E-06 risk 

range cited in the NCP. 

A screening assessment for potential ecological impacts was also conducted for the site. The 

results of this assessment indicate that residual chemical concentrations of contamination at 

the site are below levels of concern to nonhuman receptors. 

During the Phase II investigation, subsurface water was found to be present at three borehole 

locations. This water is believed to be present primarily because of increased runoff and 

infiltration resulting from altered drainage patterns created during the construction of TA·3·30. 

The water was found to co
1
ntain low concentrations of VOCs. The quantity of water in the 

subsurface makes it unlikely that it represents a usable water source. The seep downgradient 

of the site was also found to' contain VOCs at even lower concentrations, indicating a potential 

connection between th-~ su~surface water and the seep. However, the seep does not represent 
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a viable exposure pathway for humans and concentrations were below a llel of concern for 

non-human receptors. I 
In summary, the VCA was successful in .accomplishing its Intent and SWMU 3·010(a) Is 

recommended. for NFA based on the following: i 
• The VCA was successful in reducing concentrations of lead and mercury In 

site soil to concentrations below levels of concern. Although residual TPH 

_concentrations In soil still exceed the 100 mglkg standard, this standard 

was established to be protective\,, g~oundwater based on the presence of 

a BTEX component In the TPH. BTEX was not found at this site at any value 

that would equate the TPH to g~soline or diesel. Overall risk reduction as 

a result of the VCA was significant. 

• Residual concentrations of 1,2-0CA and 1,1·DCE in subsurface soil were 

found to be below levels of concern based on the results of a site-specific 

human health risk assessment and a screening assessment of potential 

ecological impacts. 

• The source term for the volatile constituents was removed during the VCA; 

therefore, residual concentrations of 1,2·DCA and 1,1·DCE in subsurface 

soil and water has been dramatically decreased and wiD continue to 

decrease with time due to chemical and biological degradation. 

• Water found in the three borehole locations is most likely due' to Increased 

runoff and Infiltration caused by ahered drainage patterns, and does not 

represent a usable water source. 

• Concentrations of volatile contaminants in the seep are significantly lower 

than those present In the monitoring well and should continue to dJ:rease 

with time. I j 
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ALL DETECTED ANAL YTES BY SAMPLE 10 
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TABLE A·2 (CONTINUED) 

ALL DETECTED ANAL YTES BY SAMPLE 10 
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0 
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g 
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n. 
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0 
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Ja 
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Appendix A 

I.OCATION 10 
03·1053 
03·1063 
03· 063 
03·1063 

03·1063 
03·1053 
03·1053 
03·1053 
03·1053A 
03·1053A 
03·1053A 
03·1053A 
03·1054 
03·1054 
03·1054 
03·1054 
03·1054 
03·1054 
03· 1054 
03·1 054 
03·1054 
03-1054 
03·1054 
03·1054 
03·1054 
03·1054 
03·1054 
03·1054 
03·1054 
03·1054 
03· 1064 
03·1261 
03·1261 
03·1261 
03·1261 
03·12151 
03·1261 
03·1261 
03·1261 
03·1261 
03·1 :!61 
o :t-1261 
0 3· 1261 
03·1261 
03·1261 
03·1262 
03·1282 
03·1282 
03·1282 
03 · 1262 
03·1282 
03·1262 
03·1262 
03·1282 
03·1282 
03·12152 
03·1262 
03· 1262 
03·1282 
03·1263 
03·1283 
03·1263 
03·1283 
03·1283 
03·1283 
03·1283 
03-1283 
03•1263 
03·1263 
03·1283 
03· 1263 

SAMPLE 10 
AM2378 
A.fu\2371 
AAA2378 

MA2378 

PF·3·6 
PF·3·6 
PF·3·5 
MA2377 

AAA2377 
AM2377 
AM2377 
AM2377 
AAA2377 
AM2377 
AM2377 
AM2377 
AAA2377 
AM2377 

AM2377 
AM2377 
AAA2377 
AM2377 
AM2377 
AA82015 
AA82015 
AA82015 
AA82015 
M82016 
AA82015 
AA82015 
AA82015 
AA82015 
M82015 
MA2015 
M82015 
AA82015 
AA82015 
AA82018 
AA82018 
AA82018 
AA82018 
M820115 
MB2018 
AA82018 
AA82016 
AA82018 
AA82018 
AM2016 
AA82018 
AA82018 
M82018 
AA82017 
M82017 
·AAB2017 
AA82017 
AA82017 
MB2017 
M82017 
AA82017 
AA82017 
AAEI2017 
AAA2017 
MB2017 

TABLE A·2 (CONTINUED) 

ALL DETECTED ANAL YTES BY SAMPLE 10 
ANALYTE 

Uercurv 

Mercury 

P utonlurn-2311 
P utonlum-238 
rhlum 
nc 

Uercury_ 
Plutonlurn-238 
Plutonlurn-238 
rrnlum 

Ceslurn-137 

Chromium 

Mercurv 

Pfutonlum·238 
Plutonlum·239 
Trlllum 
Zinc 
Zinc 

Chloroform 

k:hloroethana I 1 1· 
Dictlloroathana 11 2· 
Dlc:llloroeltlene 11 1· 
0 na els·1 3· 

Mercury 

Trichloroethane t 1 1· 
XYI-_{0 + m + ol Mbted-_l 

Chloroform 

Dletlloroethana It H 
Olchloroethane I 1 2· 
Dlchloroethene 11 1 • 
Olc:htDroorooane ds·l 3-

Uereury 

lk:llloroethane 1 1 1 • 
I~ (O + m • PI Mixed-

Chiaro orm 

Dldllorooroc»ene cis· 1 3·1 -Uereury 

MATRIX 

ss 

ss 

ss 

ss 
ss 

ss 
ss 

ss 

ss 
ss 
ss 
ss 

ss 
ss 

&YM 

< 
< 
< 

< 
< 
< 

< 
< 
< 

< 
< 
< 
< 
< 

< 

< 
< 

< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

RESULTS UNITS SAL 
21 ~r.a.lra 400 
0 .2 ma. Ira 24 
0.2 mG iCll 114 
0 .2 II'IQ lcli 24 
426 ma.llll n/a 

0 .002 Pella' 20 
0 003 PC Ia 11 
0.311 PC Ia e10 

42 1110 iCll 24000 
1 .842 IIIIGID 24 
0 .038 PC Ia 20 
0.24 PC Ia 11 
11.46 Pella 810 
2 .57 malta nfa 
o .4 matta eo 
0 .4 mallla eo 

o.58 P<:lfa 4 
2 . 1 ma m nfa 
4.7 rna 1a nla 
t .8 rna 11:1 :aooo 
3.3 ma ta 3000 
25 fll'lo(U 400 
16 ma. 111 400 
0 .2 rna. Cll 24 
0.2 rnGJ m 24 
0 .2 mao Ia 24 
126 ma. Ia n/a 

0 .003 Pella 20 
0 .001 Pella 11 
0 .022 Pella 810 

43 1110 m 24000 
43 ftiCij m 24000 

0 .25 IIIQ (U 8000 
0 .38 ma ra 0.87 

0 .068 ma ID 0 2t 
0 .13 . m!l 11:1 8 .4 
0.2 rna <a 410 

0 .01 mo 111 0.2 
28 rna. tO . 0.4 

o 054 mo ca o 17 
0 .023 rna. ca 3100 

0 .8 111011:1 24 
15000 mQI IQ 100 
0 .28 - qa 1110 
100 ma. m 1000 

0 .028 . II'ID 10 180000 
11 .024 ma. ca 8000 
0 .006 rna. m 0 .87 
0 .008 111111 10 0 .21 
0 .012 mao 10 8 .4 
0.006 mo1 ca 410 
0.008 111111 10 0 .2 
0 .044 mo. ID 0 .4 
0 .006 mo Ill o 11 
0 .008 IIIQI (Q 3100 

1 2 1110 ca 24 
2000 1110 iCll 100 
0 .006 1'11111 Ia 1110 

1. 1 ma 111 1000 
0.008 ma m 8QO_OO 
0 .024 ma ID 8000 
0 .008 ma ID 0 87 
0.008 ma ~a 0.21 
0 .012 rna. iCll ..... 
0.008 • IIIQ Ill 410 
0 .008 . ma. Ill 0 2 
o.ooe IIIG ra o 4 
0.006 ma. ka 0 ·17 
0 .008 ma.ka :uoo 
0 . 11 mnka 24 

1 o ma/ka 100 
o.oo8 maltca 81 o 

SWMU 3-0JO(a) 

UTL 
38 
0.1 
0.1 
0 1 
n/a 

0 .014 
0.062 
nfa 
101 

0 014 
0.062 

nla 
11.8 
2 .7 
2 .7 
1 .4 

34.2 
34 .2 
15 .7 
15.7 
30 
38 
0 .1 
0 . 1 
0 .1 
nla 

0.014 
0 .052 

n/a 
101 
101 
n/a 
nla 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
nla 
0 .1 
n/a 
n/a 
n/a 
n/a 
nfa 
n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
n/a 
0 1 
nla 
nla 
n/a 
nla 
n/a 

"'· "'• "'• n/a 
n/a 
n/a 
n/a 
n/a 
0.1 
n/a 
n/a 

DEPTH 
0 .0-1 .0 II 
0 .0-1 .0 II 
0 .0-1.0 II 
0 .0-1 .0 It 
0 .0-10 11 
o.o-1.0 fl 
0.0-1 0 fl 
0 .0-1.0 11 
0 .0-1 .0 II 

N/A 
HIA 
NIA 
HIA 

0.0-1 .0 11 
0 .0-1 .0 " 
0 .0-1 .0 II 
0 .0-1 .0 II 
0 .0-1 .0 II 
0 .0-1 .0 II 
0 .0-1 .0 " 
0 .0-1 .0 fl 
0 .0-1 .0 II 
0.0-1.0 II 
0 .0-1 .0 II 
0 .0-1 .0 II 
0 .0-1 .0 fl 
0 .0-1 .0 " 
0 .0-1.0 II 
0.0-1 .0 II 
0 .0-1 .0 II 
0 .0-1 .0 II 
0 .0-1 .0 fl 
0.0-8.0 II 
0.0-8.0 II 
0.0-8.0 II 
0 .0-8.0 II 
o.o-a.o 11 
0 .0-8.0 II 
0 .0-8.0 It 
o.o-a.o 11 
0 .0-8.0 fl 
0 .0-8.0 It 
0 .0-8.0 II 
0 .0-8.0 II 
0.0-8.0 II 
0 .0-8.0 II 
0.0-4.5 II 
0 .0-4.5 II 
0.0-4.5 II 
0 .0-4.5 II 
0 .0-4.5 It 
0.0-4.5 II 
0 .0-4.5 II 
0 .0-4.5 It 
0.0-4.5 It 
0 .0-4.5 It 
00-4.5 11 
0 0-4.5 II 
O.o-4.5 fl 
0 .0-4.5 II 
0 .0-11.0 It 
0 .0-11.0 It 
0.0-11.0 ft 
0.0-11.0 It 
0.0-11.0 It 
0 .0-11.0 II 
0 .0-11.0 It 
0 .0-8.0 II 
0 .0-8.0 II 
0 .0-8.0 II 
0 .0-11.0 It 
0 .0-8.0 It 



SWMU 3-0JO(a) 

TABLE A·2 (CONTINUED) 

ALL DETECTED ANAL YTES BY SAMPLE 10 

LOCATION 10 SAMPlE 10 ANALYT£ MATRIX SYII RESULTS UNITS 
03·1263 AA82017 rk:hloroethane 1 1 1·1 9) 0 .03 rnglkg 

03·1263 AA82017 I~ lo + m· + o\ Mlxe<t-_l 9) c 0 .006 matka 
03·2605 AA87608 Cea um-137 9) c 0.1842 PCUa 
03·2605 AA87890 Caatum-137 9) < 0 1841 PCUJl 
03·2605 AA87808 L..s 9) 11.5 m!llka 
03·2605 AA87890 Leld 9) 7.4 ~ 
03· 2605 AA87808 P uton um-238 9) . 0.00011 PCUJl 
03·2605 AAB7890 Plulonlvm-238 9) . 0 .0007 PCUa 
03·2605 AA87888 Plulonlum-2311 9) 0.0078 PCIIg 
03·2605 AA87699 Plutonlum·239 9) 0 .0069 PC II a 
03·2605 AA87108 RMtvanTitium 9) 8 .82 PCU.a 
03·2805 AAB-199 IR8dYan Trillum S<ftenina 9) 7.02 PC II a 
03·2606 AA87700 Caalum-137 9) < 0.17311 PCII11 
03·2608 AAB7700 Leld 9) 74 maiko 
03·2606 M87700 Plutonlum-238 $ 0.0027 PCUa 
03·2606 AA87700 Plutonlum·2311 $ 0.0027 PCIIg 
03·2606 AAB7700 Radvan T ritlum Sc:rMnlna $ 0 PCIIa 
03·26611 AAC0470 Marcurv $ 0.1 maiko 
03-2669 AAC0470 Mercurv $ 0 .1 mg~ 
03·2669 MC0470 Mercury $ 0 .3 mgl1<ll_ 
03 · 2669 AAC0470 Rlldvan Tritium ScreenlnQ $ 0 PCIIa 
03·26 70 AAC0471 Mercurv $ 0 .4 maiko 
03·2670 AAC0471 Mercury $ 0.4 m!llkll 
03·2670 MC0471 Mercurv $ 0 .5 molka 
03·2670 AAC0471 Radvan Tritium Sc:rMnin!l $ 0 PCifll 
03·2671 AAC0472 Mercury I t ss 1 malk!l 
03 · 2671 AAC04n Mercury I $ 1 ~ 
03-2671 MC0472 Mercury I $ 1.4 malkg 
03·267 1 MC0472 Rlldvan Tritium ScreeninQ $ 0 PCI/a 
03·2672 MC0473 Mercurv I $ 0 . 1 maiko 
03 · 2672 MC0473 Mereurv I $ 0 .2 maiko 
03 · 2672 MC0473 Mercurv $ 0 .3 . maiko 
03·2672 MC0473 Radvan Tritium Setaenina $ 0 PC I/o 
03 · 2673 MC0474 Mercury $ o.s "!!1-'1<11 
03·2673 MC0474 Mercury $ 0 .6 111\g/lCll 
03-2673 AAC0474 Mercury $ 0 .7 mglkg 
03 · 2673 MC0474 Radvan ritium Sc:rMI\inQ $ 0 PC II a 
03·2674 AAC0475 Mercury $ 10 malk!l 
03 · 2674 MC0475 Mercurv ' ss 10 "!ll-''<ll 
03·2674 MC047S Mercury ' ss 10 molk!l 
03·2674 AAC0475 Radvan Tritium Sc:reenln!l $ 0 PCI!g_ 
03·2675 AAC0476 Mercury ss 0 . 1 malk!l 
03-2675 AAC0476 Mercurv $ 0. 1 m!llko 
03·2675 AAC0476 Mercury I $ 0 .1 mg/kg 
03·2675 MC0476 Radvan Tritium Sereenina ss 0 PC I/o 
03·2676 AAC0477 Mercury i ss 0 .07 mg/kQ 
03·2676 AAC0477 Mercurv $ 0 .07 maiko 
03-2676 AAC0477 Mercury ss 0 .07 mg/k!l 
03·2676 AAC0477 Radvan Tritium Sereeninq $ 0 PCI/11 
03·2677 AAC0478 Mercurv $ 0 .2 m!llko 
03·2677 AAC0478 Mercurv $ 0.2 mJifkg 
03·2677 MC0478 Mercury $ 0 .2 malka 
03 · 2677 MC0478 Radvan Tritium Sc:reenin!l $ 0 PCII!I 
03·267 8 AAC04711 Mercurv $ 0 .2 J!!.lll1!g__ 
03·2678 AAC04711 Mercurv $ 0 .2 fllll/1!!1 
03 · 2878 AAC047Q Mercurv $ 0.2 mQ/kJI 
03·2678 MC047D Radvan T ritlum Sereenlno $ 0 PCilll_ 
03·SM30 AAB7712 ArNnlc ss < 1.8 m_glkg 
03·SM30 AA87713 ArNnlc $ < 1.8 molkJI 
03·SM30 M87712 Cadmium $ < 0 .82 mg/kQ 
03·SM30 MB7713 CadnUn $ < 0 .83 ll!lllk_!l 
03·SM30 MB7712 Chromium $ < 0.76 mQII<g 
03·SM30 AA877t3 Chromium $ < 0.76 nl.ll.fkll 
03·SM30 M87712 :;...,._ $ < 1.9 ~ 
03·SM30 AA87713 r:....... $ < 1.9 malklL 
03·SM30 MB7712 Leact ss 3 ,4 m.a.lka 
03·SM30 M87713 Lead $ 3.3 m!lfl<a 
03·SM30 M877t2 Lead-214 $ 1.058 PC I/o 
03·SM30 AAB7713 Lnd·214 ' ss 1.552 PCI/g 
03· SM30 AA81712 Mercury $ < 0 .06 m!llko 
03·5M30 M87713 Marcurv $ < 0.06 ftlll/k!l 

SAL 
1000 

160000 
4 
4 

400 
400 
20 
20 
18 
18 
n/a 
n/a 
4 

400 
20 
18 
n/a 
24 
24 
24 
810 
24 
24 
24 
810 
24 
24 
24 
810 
24 
24 
24 
810 
24 
24 
24 
810 
24 
24 
24 
810 
24 
24 
24 
810 
24 
24 
24 
810 
24 
24 
24 
810 
24 
24 
24 
810 
nla 
n/a 
80 
80 
nla 
n/a 

3000 
3000 
400 
400 
n/a 
nla 
24 
24 

Appendix A 

UTL DEPTH 
n/a 0.0-G.O tt 
n/a 0.0-G.O tt 
1.4 N/A 
1.4 HIA 
311 HIA 
311 N/A 

0.014 N/A 
0.014 N/A 
0 .052 N/A 
0.052 N/A 

n/a N/A 
n/a N/A 
1.4 N/A 
311 N/A 

0.014 N/A 
0.052 N/A 

n/a NIA 
0 .1 O.O-a.3 It 
0 .1 0.0~ .3 It 
0 .1 O.O-a.3 It 
n/a 0 .0~ .3 It 
0 .1 O.O-a.3 It 
0 .1 O.O-a.3 It 
0 . 1 O.O-a.3 II 
n/a 0.0~.3 " 
0 . 1 0.0~.3 It 
0 .1 0 .0~ .3 It 
0 .1 0.0~ .3" 
n/a 0.0~. 3 It 
0 . 1 0.0~. 3 It 
0 .1 O.O-a.3 It 
0 .1 0.0~. 3 It 
nla. 0 .0~ .3 It 
0 .1 0.0~ . 3 " 
0 .1 0.0~.3 " 
0 .1 0 .0~ . 3 It 
n/a O.O-a.3 It 
0 .1 O.O-a.3 II 
0 .1 O.O-a.3 It 
0 .1 0.0~.3 II 
n/a 0.0~.3 It 
0 .1 0.0~.3 ft 
0.1 O.O-a.3 ft 
0 .1 O.O-a.3 II 
n/a 0 .0~.3 II 
0 .1 O.O-a.3 II 
0.1 O.O-a.3 II 
0 .1 0.0~.3 It 
n/a 0.0-a.l It 
0 .1 0.0~.3 ft 
0 . 1 O.O-a.3 It 
0 .1 0.0~. 3 II 
n/a O.O-a.3 II 
0.1 O.O-a.3 It 
0 .1 O.O-a.3 It 
0 .1 O.O-a.3 It 
n/a O.O-a.3 It 
11 .8 N/A 
11 .6 N/A 
2 .7 NtA 
2 .7 N/A 
34.2 N/A 
34 .2 NIA 
15.7 N/A 
15.7 NIA 
39 N/A 
3!1 NIA 
n/a N/A 
nla N/A 
0 .1 N/A 
0 .1 NIA 

It 
l 

' ' f 

\! 
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j TABLEA-4 

ANALYTES DETECTED IN STORM WATER RUNOFF 

LOCATION ID SAMPLE ID ANALVTE RESULTS UNITS SAL • 
03·105-1 AAA2693 Arsenic 7.18 ua/L 50 
03-1052 AAA2694 Arsentc 6.13 ua/L 50 
03-1053 AAA2695 Arsenic 5.8 ugll 50 
03·1054 AAA2696 Arsenic 6.71 uaiL 50 
03-1051 AAA2693 Barluin 11 ua/L ' 2 000 
03-1052 AAA2694 Barium 20 . ua/L i 2000 
03·1053 AAA2695 Barium 26 uaiL i 2000 
03·1 054 AAA2696 Barium 21 · ua/L I 2000 
03-1051 AAA2689 Ceslum-137 20.9 cCI/L I 110 
03-1051 AAA2697 Ceslum-137 34.9 pCI/L I 110 
03-1052 AAA2690 Cestum-137 9.3 pCI/L I 110 
03-1052 AAA2698 Ceslum-137 41.4 pCI/L ' 110 I 

03-1053 AAA2691 Ceslum-137 13.7 oCIIL 110 
03-1053 AAA2699 Cealuin-137 50.6 oCI/L 110 

,_ .. . · 
03-1054 AAA2692 Ceslum-137 -34.6 pCI/L 110 

·-·. 
:~ 

' 

03-1054 AAA.2700 Ceslum-137 89 pCI/L 110 
03-1051 AAA2693 lead 32 ug/L 50 
03-1052 AAA2694 lead 13 ua/L 50 
03-1053 AAA2695 Lead 8 uall 50 
03-1054 AAA2696 lead 8 ua/l 50 

~~-.. 
,. 03-1051 AAA2693 Ma 1 6 ua/l 180 

03-1052 AAA2694 e 30 UQ/l 180 
03-1053 AAA2695 Manaanese 23 UQ/l 180 
03-1054 AAA2696 Ma 23 UQ/l 180 
03-1051 AAA2693 Nickel .S. < 10 Ull/l 100 
03-1052 AAA2694 Nickel 20 ua/L 100 
03-1053 AAA2895 Nickel < 10 ua/L 100 
03-1054 AAA2696 Nickel < 10 ug/L 100 
03-1051 AAA2689 TPH 8410 ua/L n/a b 

03-1051 AAA2693 TPH < 2 000 ua/L n/a 
03-1051 AAA2697 TPH < 100 uQ/samole n/a 
03-1052 AAA2690 TPH < 2 000 ua/L n/a 
03-1052 AAA2694 TPH < 2 000 ua/L n/a 
03-1052 AAA2698 TPH < 100 ua/sample n/a 
03-1053 AAA2691 TPH < 2 000 ug/L n/a 
03-1053 AAA2695 TPH ' < 2 000 ug/L n/a 
03-1053 AAA2699 TPH 'i < 100 ugtsample n/a 
03-1054 AAA2692 TPH 2 450 ug/L n/a 
03-1054 AAA2696 TPH < 2 000 ua/L n/a 
03·1 054 AAA2700 TPH I < 100 uglsample n/a 
03-1051 AAA2689 Plutonlum-238 0.005 pCI/L 1 5 
03-1051 AAA2697 Plutonlum-238 ·0.005 oCI/L 15 
03-1052 AAA2690 Plutonlum-238 0.005 pCI/L 15 
03-1052 AAA2698 .Plulonlum-238 ·0.015 oCI/L 1 5 
03-1053 AAA2691 Plutonlum-238 -0.005 oCI/L 15 
03-1053 AAA2899 Plutonlum-238 -0.012 oCIIL 15 
03-1054 AAA2692 Plutonium-238 0 .005 oCI/L 1 5 
03-1054 AAA2700 Plutonlum-238 0 pCI/l 1 5 
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TABLE A-4 {CONTINUED) 

ANAL YTES DETECTED. IN STORM WATER RUNOFF 

·o3-1051 AAA2689 -, · Plutonlum;.239 -.. o.072 . pCI/L 15 
0 3 ·1 0 51 AAA2697 < Plutonlum-'239 > ?0 .034 . oCIIL 1 5 
.03-.1052 ' AAA2690: .. • P.lutonlum··239 .· ? •. • ... o·.-.128 o., ' .pCI/L ·· 15 
<03·1 052 · ·AAA2698',·:. Plutonlurir.;239-~ ,! .. ->~.o .,_.· · \ ·. ·: pCIIL . 15 
03·1 o·s3 -AAA2691 ···.: P-tutontum-"239 ·;.: :\"•,0 :;093 •: · · ... PCI/L ·. 15 
03-1 053• AAA2699'- ' Plutonlum~239 · .. .. o.oos-.-·. · D.Ci/L · ;·, 15 

·:. 03·.105-1·· : .IAAA2697:_.,., Tritlum:~d .. :I;_·:_,_," .,.,, •. .-_200': ·,, .,_ . ·:··pCI/l>.f·: >; '.'":;:20 ·- 000 
· .. · ·oa-1 052 :, < •AAA269<4'-·" · Tr.itlur'ri :'tc~'·"'·.:· ... ·' .;:~._::;;200~;;:.-~ · ': ·-<t•' ·oCI/L .;:'.;: .. :, '>1•20 000 

-. o 3 -' 1 o·52"'- . :- 'i\M269a·;~.< Tr:iti'urrr'i.~t·< ::·'• ., .. ,,.-.. 2'0:0-'- _<;:~i· .::' ·;Yp'CI/IJ,) .. ~:t, Jf.i-20'' ooo 
· ·.--- 03._ 1.053 · - · ··AAA2695 :·'~ ... Tritium :: : •,~ -,. · .:ao·or· ~\' · ··<pCi/Lf.:':>..,: --'~:20 .ooo 
· ·-03-1053 -· · AAA2699 ·--' Tr-itium ·· .. '.3'00 :·. :~ ... ... , ;pCi/L: · :~: ._:;20 ·ooo 

03 - 1054 ·-- :"AAA2696·· · '.·. Tritium .:--<:. 30.o-·· .•.;. · .• ·,'p'Cill. · ·. · _:::r2o· 'ooo 

03·1 051 · . -·- <-AAA2693 -·7:.. Zinc~.;·:/ ~9 o. -.ug/L :~· ·. · ·.--10 ' 000 
· 03-1052·· ' .,._ AAA2694 ·' Zinc- ·:· :e2 ·;·ug/l:: ·_,: ·. · · ,10 ooo 
· 0 3 - 1 0 53 :· ·i•AAA2695 :::', Zinc ' .. · .7 1' .-.ug/L:, . · ·1 0 000 
03-1054 · '· AAA2696 · , Zinc 3 4 ug/l 10 000 

.: ... 

• SAL = Screening action level. 
b n/a = Not available. 

:, . 

. ~: . 

,,. 
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Appendix A I 

S"WMU 3-UUXcl) I 
l 

tl ' 

--
~ TAB[EA·S 

SUMMARY OF PH~SE n!suRFACE WATER DATA 

AffAlYTE 
Acetone 
Benzene 
Btomobenzene 
Btomoc:lltorometllane 
Bmmocllctllorolnetllane 
Bromofolm 

-~ 

BUIIInane 2-
BUIYit>lln-r>-
Bulytben:r.. ...,. 

lkltyt>en:r.. (twt· 
c.t>on diii.CIIde 
Celbon lftac:llkwlde 
~Z9n. 

Cl\iofodlbromomelhane 
Cl\loroethane 
CNoroloml 
Olloromelhan& 
Cl\lor0401 ........ ~ 
Cl\lor~ fo-1 
Dll>romo- I (I ,2 · ) 
Dlbnomoethane (I 2·1 
Dlbmmomell-
Olc:hlorobenzene {I 2) 1~1 
Olenlorob&nzone (I 3) [m· 
Diehl.,_:_ (I 4 fp.) 
Otd'olorodllluotomelhane 
OlchlorOIIthane 1 I· 
DiclllorOIIIhaM 1 2· 
Oichlor-ne 1 I · 
Dicllloroe1hene trans· 1 2· 
Dldtlotoel-ne CIS· I 2· 

• 12· 
Dlc:ltloropoopane I 3-

2 2· 
DtcltlorOOfODOOe 1 1 · 
DicllloroomoeneJcls· l 3-) 

tram· t 3-l_ 
Et_l'rytbenzene 
Hexanone 2· 
Is 1ene 
ls~-[4· 

l.lethyllodlde 
Melly\-2-pen1bnone 4· 

"'•lllYten• clllorld. 
Pe~urn H)dtocarbons. Tolal 
ReooYwablo 
ProOYibennne 
S_ly'rane 
T etraclllotoethana 1 I I 2 · 
Tetracllloroalhane 1 1 2 2· 
T atrachklroelhvl&ne 
TOluene 
T rlcttlorc>-1.2.2·trllluoroalhane 

lr1 12-r 
Trtcllloroalhane 1 1 I· 
Trlcttloroellanefl 12·1 
Trlc:hloroelhene 
Trlchlorolluofomelh-
Trlchlor__l)ptcpana 1,2,3-
Trlrnlllllylbenrene 1.2.4-
T rlmethytbclnzene 1 3 s-
TrlliJm' 

~-chlorld• 
X- o + m + Pl!MI•ec!-

• SAL = Saeenlng IICIIon level 
' NIA = No! llpplicable. 
'n/a Nol~. 

TOTAl 
NUMBER Of 

SAMPLES 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 

' Results In PCI.1... All oc- resu41S - In UGIL 

Apri/28, 1995 

l I 
NUMBER Of 

NONDETECTED • SAMPLES 
3 ~ 

3 I 

3 t 
3 I 
3 I 
3 
3 
3 
3 
3 I 
3 t 
3 • 
3 
3 
3 
3 
3 
3 
3 
3 ll 
3 t 
3 
3 f 

3 • 
3 
3 
3 
3 . 
3 l 
3 ' 3 • J t 
3 I 
3 I 

3 , 
3 
3 
3 

3 
3 
3 
3 
3 I 
3 ~ 

3 ' 

I 

3 
3 
3 / 
3 i 

3 
3 

3 
0 
3 
3 
3 
3 
3 
3 
0 
3 
3 

f RANGE Of 
DE,TECTION liMITS ...... 

·~o 
~ s 

' 5 
>5 
IS ,, 
.10 
20 

" " f5 
IS 
s 
s 
s 
10 
s 
10 
s 
6 
to 
s 
s· 
s 
s 
s 
10 
s ~ 
51 

sa 
sl 
Sl 
H 
H 
s ~ 

s ' 
S I 
s 1 

s I 
201 
st 
s• 
s " 

20 
s 

I CY/J 
s 
s 
$ 

s 
s 
s 

s 
N/A 
s 
s 
s 
s 
5 
5 

Nr.r. 
l 10 
I s 

t 
i . 

I 

' • 
! 
I 

I 
l 

MAX 
tOO 
tO 
10 
10 
10 
tO 
20 
100 
10 
10 
10 
10 
10 
10 
10 
20 
10 
20 
tO 
10 
20 
10 
10 
10 
10 
tO 
20 
10 
10 
10 
10 
10 
10 
tO 
10 
10 
10 
10 
10 

100 
10 
10 
10 

100 
20 

I 000 
10 
10 
10 
10 
10 
10 

10 
N/A 
10 
10 
10 
10 
10 
10 

NIA 
20 
10 

NUMBER OF RANGE Of 
DETECTED DETECnONS 

SAMPlES MIN MAX SAl0 

0 NIA0 NIA 3 500 
0 NIA NIA 5 
0 NIA NIA .,.. 
0 NIA NIA .,. 
0 NIA NIA 0 .56 
0 NIA NIA 4 .4 
0 NIA NIA •a 
0 NIA NIA 1 700 
0 NIA NIA ,.,. 
0 NIA NIA ,.,. 
0 NIA NIA Ilia 
0 NIA NIA 3 500 
0 NIA N/A 6 
0 NIA N/A tOO 
0 NIA N/A 4 .2 
0 NIA NIA 14 000 
0 NIA NIA tOO 
0 NIA NIA 27 
0 NIA N/A 700 
0 NIA NIA n/a 

0 NIA NIA 0 .2 
0 NIA NIA n/a 

0 NIA NIA 0 .0004 
0 NIA NIA· 600 
0 N/A NJAI 600 
0 N/A NIA 75 
0 NIA NIA 7000 
0 NIA NIA 3 500 
0 NIA NIA 5 
0 NIA NIA· 7 
0 NIA NIAI 100 
0 NIA NIAI 70 
0 NIA NJA1 5 
0 NIA NJAI n/a 
0 NJA NJAI nla 
0 NIA NIA f n/a 

0 N/A N/At O. IQ 
0 NIA NIAI O. tQ 

0 N/A N/Al 700 
0 NIA N/A I n/a 

0 N/A NIA • 1400 
0 N/A NIA ; n/a 

0 NIA N/A l Ilia 
0 NJA NJA .t 1700 
0 NIA NJAt 5 

I 5 000 s ooof n/a 
0 NIA NIA I nla 
0 N/A NIA 100 
0 NIA NIA 13 
0 NIA NIA 1.8 
0 NIA NIA s 
0 NIA NIA I 000 

0 NIA N/A n/a 

3 7.D 13 200 
0 NIA N/A s 
0 NIA NIA 5 
0 N/A NIA II 000 
0 N/A N/A 210 
0 N/A N/A 18 
0 NIA N/A 14 
2 413 4S8 20000 
0 NIA NIA 2 
0 NIA NIA 10000 

RFI Reporl for SWMU 3-010(8) 



SWMU 3-0IO(a) 

TABLEA-fl 

SUMMARY OF BOREHOLE WATER DATA 

TOTAL NUMBER OF RANGE Of NUMBER OF 
f(UUBEA OF NOHDETECTED DETECnON "LIMITS DETECTED 

ANALYTE SAMPLES SAMPLES MIN MAX SAUPL£8 
Aceton• 3 3 100 100 0 
B.nz- 3 3 10 10 0 
Bromo benz- 3 3 10 10 0 - 3 3 10 10 0 
Btomoclc:blotomlllllaN 3 3 10 10 0 
Bromo loom 3 3 10 10 0 
~,_ 3 3 20 20 0 
9u1Mane 12-l 3 3 100 100 0 

!n4 3 3 10 tO 0 ,, ..... 3 3 10 10 0 
8ul\lllenz- flen.l 3 3 10 10 0 
Oolboftd .... 3 3 10 10 0 
Oolboftt.~ 3 3 10 10 0 
Chlombenz- 3 3 10 10 0 
CNorodbtor1lci<Mihane 3 31 10 10 0 
~ 3 3 20 20 0 
Chlonlloml 3 3 tO tO 0 
Chlonl!M"- 3 3 20 20 0 
Cllloto~ o- 3 3 10 10 0 
Cllloto~ 1£>-1 3 3 10 tO 0 
01 ne 11.2·1 3 3 20 20 0 
01~!1,2-l 3 3 10 . 10 0 
OlblolnomeltlaM 3 3 10 10 0 
~{1.2)1o-l 3 3 10 10 0 
Dictllaftlbwl~ _(I 3 m· 3 3 tO 10 0 
~14)11>-1 3 3 10 tO 0 

c Oldllomclluommelhane 3 3 20 20 0 
Ok:Hotoe"-w I \-1 3 2 10 10 I 
OlcNatoelhane 1~1 3 2 tO 10 I 
~11· 3 2 10 10 I 
Oidllaroe ..... ~--1.2-l 3 3 10 10 0 

I fd•1.2•1 3 3 tO 10 0 
DlcHar--11,2-l 3 3 tO 10 0 
Olc:Nor-- 1.3-1 3 3 tO 10 0 

12.2-1 3 3 10 10 0 
Dietl 1 1- 3 3 10 10 0 

f<D.I3- 3 3 10 10 0 
nr..-13- 3 3 10 10 0 

l;~mn• 3 3 10 10 0 
Hex.>one 12·1 3 3 100 100 0 
,~~benzene 3 3 10 10 0 
I 4- 3 3 10 10 0 
Meii'I'IIIDCIIc» 3 3 10 10 0 

! 
M ·14·1 3 3 100 100 0 
MettwlerMI cNDitde 3 3 10 20 0 
f>WalcJun'l T o1a1 RecoYwllble 2 2 I 000 I 000 0 - 3 3 10 10 0 
I~ 3 3 10 10 0 
TetlachloroelllaM I 11.2· 3 3 10 10 0 
Tetrac:tllorDella 1 12.2-1 3 3 10 10 0 
Tatrachlof'Oe 3 3 10 10 0 
Toluene 3 3 10 10 0 
Tl'lc:tlloll>1 11~1 3 0 NIA NIA 3 
T~n.11 3 0 NIA NIA 3 
Tltctao•ch- 11 1 .2-'1 3 3 10 10 0 
T~~e 3 3 10 10 0 
T lhaM 3 3 10 10 0 
T 1.2.3- 3 3 10 10 0 
Trim ,.. 1.2.4-1 3 '- 3 10 10 0 
T 1.3..6-1 3 .3 10 10 0 
Tlllum" 2 fO NIA NIA 2 
l~diolkle 3 ~ 3 20 20 0 
l)(ylenMIO+m+D)ft.tJc~] 3 3 10 10 0 

•SAL • ~Ktion kMIL 
• NIA • NoC epplc:abkl. 
• nl'a • NoC avalllltlla. 

• Anulla11191n paL AI ol>et nasuh ana In lllt<.· 

• •tc 

I 
Appendix. A 

RANGE Of 
DETEcnONS 

MIN MAX SAL• 
NfA" NfA 3600 
NIA NIA 6 
NIA NIA nla• 
NIA NIA nla 
N/A NIA 0 .68 
N/A N/A 4 .4 
N/A N/A 41 
NfA NIA 1 700 
N/A NfA nla 
N/A N/A nla 
N/A N/A nla 
N/A NIA 3 600 
N/A NIA 6 
N/A NIA 100 
N/A N/A 4 .2 
N/A N/A 14 000 
N/A N/A tOO 
N/A N/A 27 
N/A NIA 700 
N/A N/A nla 
N/A N/A 0 .2 
N/A N/A nla 
N/A N/A 0 .0004 
N/A NIA 600 
NIA N/A 600 
N/A N/A 75 
N/A NfA 7 000 
t8 18 3 600 
12 12 6 
34 34 7 
N/A N/A 100 
N/A N/A 70 
N/A NIA 5 
NIA NIA nla 
NIA NIA nla 
NIA NIA nla 
N/A NIA 0.19 
N/A NIA 0.19 
NIA NIA 700 
N/A NIA nla 
N/A N/A I 400 
NIA N/A nla 
NIA NIA niB 
NIA N/A 1700 
N/A N/A 6 
N/A N/A nla 
NIA NIA nla 
N/A N/A 100 
N/A NIA 13 
N/A NIA 1.11 
NIA Nl" 5 
N/A NIA I 000 
26 230 nla 
130 1110 200 
N/A NIA 6 
NIA NIA 5 
N/A NIA "000 
NIA N/A 210 
N/A NIA Ill 
N/A NIA 14 
540 2710 20000 
N/A N/A 2 
NIA N/A 10 000 

.1rtr11 ?D 'fOOl: 

l 
d 
. t 

i .f 

.. 



Appendix A SWMU 3-0/0(a) 

TABLEA-7 

SUMMARY OF SOIL VAPOR DATA 

TOTAL NUUBER OF RANGE OF NUUBER OF RANG£ OF 
NUUBER OF NON-DETECTED DETECTION UUITS DETECTED DETECTfQNS 

ANALVTE SAMPLES SAMPLES MIN MAX SAMPLES MIN MAX 
k*OM 64 64 20 30 0 ~A• NIA 
S.nzene 64 61 6 5 3 10 30 

~- 64 64 5 5 0 NIA NIA 
hane 64 64 5 5 0 Hill NIA 

64 64 5 5 0 NIA NIA 
Bromolonn 64 64 6 5 0 NIA NIA 

64 64 10 10 0 NIA NIA 
,(2-1 64 64 20 30 0 NIA NIA 
.,.,~ 64 64 5 5 0 NIA NIA 

I (Me>) 64 64 5 6 0 NIA NIA ,,..,._ 84 64 5 5 0 N/A N/A 
c.bon cbulide 64 64 6 5 0 N/A N/A 
C8lbon e.ncHolldl 64 64 5 5 0 N/A N/A 
c:Holabenz- 64 64 5 5 0 NIA ~" 
~..__ 64 64 5 5 0 NIA N/A 
OllonleChane 64 64 10 10 0 NIA NIA 
CHoft)loem , .. 63 s 5 1 18 18 
Chlotomel'- 64 64 10 10 0 NIA NIA 
~Io-J 64 64 5 s 0 NIA NIA 
CHoraColu-Jp.J 64 ~ 64 s s 0 NIA , NIA 

11.2-l 64 64 10 10 0 NIA I NIA 
Olllomoelhene 1.2-1 64 64 5 s 0 NIA NIA 
Oilrai!IOI'M!hane 64 64 s 5 0 NIA NIA 
Dldlbnlbenzena f1.2l lo- 64 64 s 5 0 NIA NIA 
~(1,3)(m-l 64 64 5 5 0 NIA NIA 
~(14tfp.J 64 64 s s 0 NIA NIA 
OlchlorvciiUOftii'Mihane 64 64 10 10 0 NIA NIA 
OicHoroelh- tt-l : 64 28 5 5 38 6 660 
~ 1.2-1 64 48 s s 16 5.8 200 
Olc:Natoelheue 11· 64 12 5 5 52 11 1800 
Olc:Horoelhel~e lnlns-1.2-l 84 64 5 5 0 N/A NIA 

k:ls-1.2-1 64 64 5 s 0 NIA NIA 
1.20 64 84 5 5 0 NIA NIA 
1.3- 64 64 s 5 0 NIA N/A -12.2- 64 64 5 5 0 N/A NIA 
11· 84 64 5 5 0 NIA NIA 
ca-t 3- 64 64 5 s 0 NIA ~" 
nr&1,:J-~ 64 64 5 5 0 NIA N/A 

64 64 5 5 0 N/A NIA 
HIIDI*W2·1 64 64 20 30 0 NIA N/A 
~!benz- 64 64 5 s 0 NIA NIA 
~ ..... , 64 63 s 5 1 16 16 

Mel ~ Iodide 84 64 5 5 0 N/A NIA 
rt-_14·1 84 64 20 30 0 NIA N/A 

Me lena c:Noride 64 64 5 5 0 NIA NIA 
ene 64 64 5 5 0 NIA NIA 

ISlynlno 64 64 5 5 0 NIA NIA 
Tecrachlo,.,_.l11 1.2-1 64 64 5 5 0 NIA NIA 
T~l112.2-l 64 64 5 5 0 NIA NIA 
T elnlchloroethvlene 64 61 5 5 3 II 17 
Tc»"- 64 64 5 5 0 N/A NIA 
Trictlloro-1 ~ I '-It 12-) 64 16 s 5 48 8 450 
T~lt.tt-1 84 2 5 5 82 11 3800 
Trtdlloft)elfwM I1. 1.2-1 84 64 5 5 0 NIA N/A 
Trfc:tllofoechen 84 34 5 s 30 7 280 
Tllc:Norolluotomhane 64 64 5 s 0 NIA NIA 
T 1.2.3-1 64 64 5 5 0 NIA NIA 
T 1.2,.C.I 64 64 s 5 0 NfA NIA 
T 13~1 84 64 5 5 0 NIA N/A 
l~_c:Horide 84 64 10 10 0 N.'A N/A 
X~'o+m+ 84 64 5 5 0 NIA NIA 

• /11. I'8IUis - In pg.\.. 
• NIA Not apple1ble. 

Aprl/28. 1995 A·16 RR Repotf for SWMU 3-0tO(a} L_ 
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SWMU 3-0l()(a) 

ANALYTE 
Ace toM 
IIM<IZ.,.. 
~ ..... 

tllane 
Blomodldt-llane -~"" 
llo"-~1 

... I 
MC• 

~-llert· 

~-C.-IOir-ID<Ida 
Clllcwobeftl-
Ctllooudlbicaooooo•lhane 
Chloroeeo.one 
Cl\louolomo c.....,.,_.,. 
ChloiOioluene .,. 0\lor-...,,,.., 

• 1.2-
Olbr-11\ane 1 2· 
Clt>ron-.11\ane 
OCII-rene !I 2\ o-
Olc:Noo<obeftr.... 1 31 . ,. 
Diclo..,._nzene 11 411~>-1 
Olc:hlo<odllluonwnell\ane 
Ddllorod1ane 1 1 • 
Dicloloroelh- I 2 · 
Olchlo,..tMnell I · 
Dicloloroe-.lltans- I .2· 
Dicloloroelhylone lei&- 1 2· 
Diclo-ne 1.2-
Diclolor-oane 11 ~ 
DldolorOD<ODane 2 2· 

M I I · 
[);ch 'leis· I 3-
Diclo-ne ft taM-1 3-
Ethytt,.,.r.,.. 

Hn-12· 
~benzene ..... 
~--Metlo~2-c>eteano"" •· 
--clllorlcle 
Pelt......, hydrocaftlons. leolol tOCO¥orable p,_, __ 

IStvr.,.. 
Tetracllloroelllanall 1 1 2· 
Teltacllloroetllana 1 I.Z.2· 
T elrao:Noro«hytene 
Tol...,. 
Tlldllon>-12.2·11111uotoetllane I I 2· 
Tlldlloroelllane111· 
T tlc::lllo<oellte 1 I 2-
Tlldlloroe!Mne 
T llclllo<clluo!ol\ane 
Tlldl-- 1 ~.3· 
Trlrne-.uene 1.2.4-
Trma-zene 1 3 1>-
Trtllumt 
~clllortcle 
~lo•m•Dll-edo-

• UTl • Upper tolerance limit. 
0 SAL·~-Ion-. 
• NIA Hal applicable. 
'MioHal8'11111111a. 
• Reooolla Ill pCI/g. AI - -..11a we In mgAq). 

TABLE A-8 

SUMMARY OF SOIL BOREHOLE DATA 

TOTAL NUMBER Of RANGE Of HUMBER OF 
NUMBER Of NOitOET£CTED DETf;I;I!_OH liMITS DETECT£0 

SAMPLES SAMPLES IUN MAX SAMPLES 
12 62 0.1 0.36 0 
12 u 0.01 001 0 
n 62 0.01 0.01 0 
62 52 0.01 0 .01 0 
62 62 0.01 0 .01 0 
112 62 0 .01 0 .01 0 
12 S2 0 .02 0 .02 0 
12 112 0 . 1 0 . 1 0 
112 62 0.01 0 .01 0 
12 t2 0.01 0 .01 0 
12 62 0.01 0.01 0 
12 52 0.01 0 .01 0 
112 112 0.01 0.01 0 
12 t2 0.01 0 .01 0 
12 112 0 .01 0.01 0 
12 62 0.02 0 .02 0 
62 62 0.01 0 .01 0 
112 62 0.02 0 .02 0 
62 62 0.01 0 .01 0 
12 62 0.01 0.01 0 
12 62 0.02 0 .02 0 
112 112 0 .01 0 .01 0 
82 62 0 .01 0 .01 0 
12 62 0.01 0 .01 0 
62 62 0.01 0.01 0 
62 62 0.01 0.01 0 
62 62 O.G2 0 .02 0 
62 57 0.01 0.01 5 
62 51 0 .01 0.01 II 

112 so 0.01 0 .01 3 
112 62 0.01 0 .01 0 
62 62 0.01 0 .01 0 
62 62 0.01 0 .01 0 
12 62 0.01 0.01 0 
82 62 0.01 0 .01 0 
62 62 0.01 0 .01 0 
62 62 0.01 0 .01 0 
82 62 0.01 0 .01 0 
62 62 0.01 0 .01 0 
62 62 0.1 0 .1 0 
12 62 0.01 0 .01 0 
62 62 0.01 0 .01 0 
112 12 0.01 0 .01 0 
112 62 0 .1 0 .1 0 
62 62 0.01 0 .01 0 
56 35 I I 21 
112 62 0.01 0 .01 0 
62 62 0.01 001 0 
82 62 0.01 0 .01 0 
82 12 0.01 0 .01 0 
82 62 0.01 0.01 0 
82 62 0.01 0 .01 0 
u 60 O.Ql 0 .01 2 
62 2S 0.01 0 .01 37 
112 62 0.01 0.01 0 
C2 60 0.01 0 .01 2 
112 62 0.01 0 .01 0 
12 112 0.01 0.01 0 
62 62 0.01 0 .01 0 
6:t 62 0.01 0 .01 0 
20 0 NIA NIA 20 
12 62 0.02 0.02 0 
12 62 0.01 0 .01 0 

\. 

AppmdixA 

JWGEOf 
HS 

II IN MAX un.• SAL" 
NIA• NIA ..... 8 000 
NIA N/ft. _,. 0 .17 
NIA NIA nla nla 
N/A N/A ..... nil 
NIA NIA nla , 
NIA HIA nla 81 
NIA NIA nla 0 .43 
NIA NIA nla 4000 
N/A NIA ..... ""' NIA NIA nla ,.,. 
HIA HIA nla nla 
HIA HIA ..... 7.4 
NIA HIA nla 0.21 
NIA HIA ,.,. 117 
HIA NIA nla 13 
N/A N/A nla 2000 
N/A NIA ..... 0.21 
NIA HIA ..... 6 .4 
NIA N/A .... I 600 
N/A HIA nla ,.,. 
NIA HIA nta 0 .5 
NIA NIA ,.,, 

""' NIA NIA n/a 0 .0082 
NIA HIA nta , 600 

NIA N/A ..... 7 200 
HIA NIA ""' 20 
N/A N/A nla 16 000 

0.011 0.0211 nla 410 
0 .012 0.15 ..... 0 .2 
0.013 0 .0411 nla 0.4 
N/A NIA nla 1600 
N/A NIA nta too 
N/A NIA nla 6.5 
N/A NIA nla ,.,. 
N/A N/A nla nla 
N/A N/A .... nil 
N/A N/A ,. 0. 17 
N/A NIA ,. 0.17 
N/A NIA nla 3100 
N/A NIA nla nil 
HIA NIA nla 3 200 
N/A N/A nla ""' N/A HIA nla nil 
N/A NIA nla 510 
NIA HIA nla 5 .8 , 2200 nla 100 
NIA HIA nla nfll 
NIA N/A nta ~ 
N/A NIA ""' 270 
NIA NIA nla 3 .t 
HIA HIA nla '·' HIA NIA nla tiO 

0 .013 0 .0411 nla nla 
0 .011 1.1 nla I 000 

NIA NIA nla 11.3 
O.Oit 0.052 nla 3.2 
N/A NIA nla 24000 
HIA HIA nla 480 
N/A NIA nla 40 
NIA NIA nla 32 

0 . 128 10.11811 nta 810 
NIA HIA nla 0 .013 
NIA NIA ""' 160 000 
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Certification of Completion 

1 certify that all work pertaining to the expedited cleanup (EC) PAS 18-003(e) has been 
completed in accordance with the Dep~ment of Energy-approved EC plan entitled EC 
Plan for Solid Waste Management Unit 18..003(e). Based on my personal 
involvement or inquiry of the person or persons who managed this deanup, a review of 
all data gathered, and a visit to the site, to the best of my knowledge and belief, all criteria 
of the plan have been met or exceeded. I believe that the completion of this EC is 
protective to both human health and the environment I am awara that there are significant 
penalties for submitting false information, induding the possibility of fines and 
impriSQnment for knowing violations. 

Gene Gould 
Field Unit Two Project Le er 
Environmental Restoration Project 
Los Alamos National Laboratory 

Dave Mcinroy 
Compliance Manag , lnde ndent Review 
Environmental Restor Project Office 
Los Alamos National_ -Laboratory 
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Factors Affecting Radionuclide Availability to Vegetables Grown at Los Alamos1 

G. C. WHITE, T. E. HAKONSON, AND A. J. AHLQUIST1 

ABSTRACI' 

A field study wu conducted Ia tm OD :ua.•'"Pu ud mes nail
ability to zucchlal squub (CIUCJITbiUI mdopepo, hybrid seaeca) and 
areo bull beau (Phll#obu 'llflllluV, Laadretbs strta&)eu) arown 
under bome-aarden condltlou In an area at Los Alamos National 
Laboratory used for treated radioactlYe Uquld wute disposal. Radio
nuclide concotratlou were measured u a fuac:tloa of tissue type, 
belaht abon the soil, fertlllatioa reaJme, and for the squash, food· 
deanslaa procedures. Analysis of nrlance procedures were used to 
analyze the dati. 

Ratios of'the concentration of a radlonudlde In onn-drled naeta· 
tloa to dry soil raaaed from 0.0004 to 0.116 for the Pu Isotopes, and 
from 0.051 to 0.155 formes. Fertlllatlon with cattle manure reduced 
tile h concentration ratios by 3011o and mes by 50'11. Vqetltin 
parts sampled within 20 em of the around surface were contaminated 
about four times u much u those parts arowtna further from the 
around surface. About 65'1o of tile contlmlnatloa wu remoYed by 
wublaa, lndlcatiaa the presence of surfidal contamination. The 50-
year radiation dose commitment to humans consumlaa Yqetlbles 
fNm tile aardea plot would be less than 0.05 mrem and would be due 
ahnost entirely to mes. 

Addltiorud lndu Words: radiation, fertilizer, sollspluh-up. 

White, G.C., T. E. Hakonson, and A. J. Ahlquist. 1981. Factors af
fecting radionuclide availability to vegetables grown at Los Alamos. 
J. Environ. Qual. 10:294-299. 

The need for information on transuranic element trans
fer into human food chains has prompted many studies 
on plutonium (Pu) uptake by agricultural plants. Most 
studies have been conducted under controlled labora
tory or greenhouse conditions using known chemical 
forms of Pu (Price, 1973; Schreckhise and Cline, 1980; 
Schulz, 1977). Fewer studies deal with contaminated 
field sites where Pu transport to vegetation is likely a 
function of the contaminant source and local environ
mental factors (Adriano et al., '1980; Hakonson, 1975; 
Watters et al., 1980; Little and Whicker, 1978). Studies 
dealing with a wide variety of contaminant sources and 
ecological settings are required to identify the generic 
and site-specific attributes of environmental Pu be
havior. 

This paper presents the results of a field study con
ducted in 1977 on Pu and • 11Cs availability to zucchini 
squash (Curcurbita melopepo, hybrid seneca) and green 
beans (Phaseolus vulgaris, Landreths stringless) grown 
in Mortandad Canyon, an area at Los Alamos used for 
treated radioactive liquid waste disposal. The study was 
designed to simulate a home vegetable garden. Concen
trations of radionuclides were determined in the two 
vegetable crops as a function of tissue, height above the 
ground surface, fertilization with steer manure, and 

• Research funded under Contract No. W-7405-ENG-36 between 
the U.S. Department of Energy and the Los Alamos National Labora
tory, Los Alamos, NM 87S4S. Received 23 June' l980. 

• Biometrician, radiation ecologist, and health physicist, respective
ly. 
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food preparation treatment. The radiation doses to 
humans from eating the vegetable crop were calculated 
to assess the potential hazard from agricultural use of 
the area. 

MATERIALS AND METHODS 

Industrial liquid wastes generated by the Los Alamos National 
Laboratory are collected at a central location, treated to reduce the 
levels of radioactive contaminants to below Federal guidelines for 
drinking water, and then released to the local environs (USDOE, 
1979). 

Mortandad Canyon has been used for disposal of this liquid waste 
since 1963. The quantities of "'Pu, ........ Pu {denoted as ..,Pu in this 
paper), and "'Cs released to the canyon from 1963 through 1977 were 
0.051, 0.039, and 0.8S Ci, respectively (USDOE, 1979). Prior to 1968 
the isotopic composition of Pu in the waste was predominately ... Pu. 
Subsequently, more "'Pu than mpu was processed so that the "'Pu 
inventory is now greater than the mpu inventory. 

A 9- by 13-m plot was established in Mortandad Canyon about 
2,500 m downstream from the liquid effluent outfall on an alluvial 
floodplain formed from storm runoff. The plot was fenced and com
mercial garden preparation (6'11N-12'1tP-6'11K) was applied just 
prior to cultivation of the soil. The soil is an unnamed -member of the 
Typic Ustorthents group. One-half of the plot received an additional 
amendment of cattle manure (hereafter referred to as the fertilization 
treatment) applied at the rate of S kgtm• (dry weight). A garden 
rototiller was used to cultivate the plot to a IS-em depth. The plot was 
seeded with zucchini squash and green beans. 

The term "plant" as used in this paper refers to the above-ground 
vegetative parts. The term "fruit" refers to the edible reproductive 
parts. Plant roots were not sampled during this study. Green beans 
were sampled at maturity by pooHng beans from 'four randomly 
selected plants within each plot. A total of 13 samples of bean fruit 
was collected. Green bean plants were also collected and bagged 
separately. 

Squash fruits were collected at maturity from individual plants. 
Squash plants were sampled as a function of height above the ground 
surface with a 1-m• template divided into four equal quadrants; the 
heights from which samples were taken were 0-20 em and > 20 em 
above the ground surface. Bean plants were not collected as a function 
of height above the ground. 

To evaluate the effect of washing on radionuclide concentrations, 
squash plants and fruit from two of the quadrants in a particular 
height strata were pooled together for a wash treatment, while the 
samples from the remaining two quadrants were analyzed for radio
nuclide content without the wash treatment. AU squash fruit and plant 
samples designated for the wash treatment were thoroughly washed 
with water in an attempt to remove surficially attached soil particles. 
Although the wash treatment appeared to be effective in removing 
coarse particles, it may not have effectively removed the smaller sized 
particles. All bean plant and fruit samples were washed before the 
radionuclide analyses. 

Soil (minus roots) was collected for chemical, physical, and radio
nuclide analyses from the rooting zone of individual plant samples. 
Thus, the depth to which soil samples were taken varied depending on 
the depth of root penetration by the two vegetable species. 

Samples were dried at lOO"C and then ashed at 400"C. Samples 
were analyzed for "'Cs on 10. by 20-cm Nai(Tl) detector coupled to a 
multichannel analyzer. The samples were then subjected to wet chem
ical techniques followed by alpha spectroscopy to quantify the Pu 
content (USDOE, 1979). Most of the chemical and physical analyses 
on garden-plot soils were conducted by Colorado State University' 
Soil Testing Laboratory in Fort Collins, Colo (Soltanpour et al., 
1979). Soil particle size analyses were performed in our laboratory 
using mechanical sonic sieving methods (Nyhan et al., 1976). 



STATISTICAL ANALYSIS 

Analysis of variance (ANOV A) procedures involving nested 
factors were used to analyze the vegetable crop data. Calcula
tions were made with the multivariate ANOV A (MANOV A) 
procedure (Cohen and Burns, 1977) of SPSS (Nie et al., 197S). 
Because nested factors are random effects, e.g., the ANOV A 
model is a mixture of fiXed and random effects, the F ratios are 
not constructed with a common error term in the denomina
tors. Rather, the F ratios utilize different error terms depend
ing on the nesting structure. The complexity of the linear 
models used necessitates the following complete descriptions. 

Bean data were analyzed as a three-factor experiment 
(Winer 1971:361-363, SI4-S39) with plants nested within 
fertilization plots. The linear model utilized was 

Yiilc = P. + a; + fJ.i<f) + 'Yt + C%'Yik + fJ'Y.i<f)lc + eiJh (I] 

where 
YiiJc is the radionuclide concentration for the ijk'h cell; 
p. is the overall mean; 
a1 with i = 1, 2 is the fertilizer effect; 
fJ)(I) withj = 1, ... , 13 is the plant effect nested within ferti

lizer plots; 
'Yt with k = I, 2 is the tissue effect, e.g., stem and leaves or 

fruit; and 
eiJic is the error term for the ijl(oh cell. 

Squash plant data were analyzed as a four-factor design 
(Winer 1971:S39-SS9) with plants nested within fertilization 
plots. The linear model utilized was 

Yiilcl = P. + a; + fJ.i<l) + 'Y1c + 6, + C%'Y;k + a6u + -y61c1 + a-y611c1 

+ fJ"Y)(f)lc + {J6J(i)l + {J-y6)(f)lct + e111c1, (2] 

where 
y111c1 is the radionuclide concentration for the ijkf-h cell, 
a; with i = I, 2 is the effect either with or without fertilizer, 
{Ji<•) withj = I, ... , 8 is the plant effect nested within ferti-

lizer plots, 
'Y1c with k = I, 2 is either the lower or upper portions of 

plant (height), 
61 with I = I, 2 is either the washed or unwashed tissue ef

fect, and 
e11t1 is the error term for the ijkf-h cell. 

Squash fruit were also analyzed with a four-factor hierar
chial design. The linear model utilized was 

ylllcl = p. + a; + fJ)(•) + "Y/cfJ) + 61 + a6u + {16)(1)1 + -yo/cfJ)I + eiilcl 

where 
Yu~c1 is the radionuclide concentration for the ijkf-h cell, 
a1 with i = I, 2 is the effect either with or without fertilizer, 

fJ J(l) with j = I, ... , 8 is the plant effect nested within ferti-
lizer plots, 

'Yic(f) with k = I, ... , 3 is the fruit effect nested within plants, 
61 with I = I, 2 is the fruit peel or meat effect, and 
e111c1 is the error term for the ijkf-h cell. 

Each of the radionuclides was analyzed separately for each 
of the above designs, and was also analyzed for MANOV A for 
each of the above designs where the observed concentration is 
a vector of concentration: 

y = (111Pu, u•pu, "'Cs]. 

The multivariate tests give overall tests of the various 
hypotheses for each of the models above, and provide a means 
of evaluating the three radionuclides simultaneously rather 
than trying to interpret them separately. Significance levels of 
multivariate tests utilized Pillai's method (Morrison, 1976). 

Radionuclide concentrations were analyzed both untrans
formed and with logarithmic transformations. Conclusions 
from the two analyses were identical for the effects of interest, 
and so only the analyses for untransformed data are presented. 

RESULTS AND DISCUSSION 

Study plot soils reccivinB the fertUization treatment 
differed' significantl_y (p. < 'o'.Ol, i-test) in chemical 
.composition from those receiving no fertilizer treatment 
(Table 1). Of the parameters measured, only Ca, Cu, 
and pH remained unchanged in soil after addition of the 
fertilizer. 

Table 1-Cbemical-d physical cbaraeterietica of soils from 
Mon-dad Canyon garden plot in 1977. 

Constituent 

Ca. meqlliter 
Mg. meqlliter 
Na, meqlliter 
K. meqlliter 
Sodium abeorption ratio 
pH 
Conductivity, mmhoslcm 
Organic matter, % 
P,ppm 
K,ppm 
NO,·N,ppm 
Zn,ppm 
Fe, ppm 
Cu,ppm 
Mn,ppm 

Soil treatment 

Fertilizatiol¢ None 

---meaniSDit ---

4.9 12.21 3.6 10.911 
1.710.661 0.93 10.221 
3.911.31 1.1 10.121 
5.3 10.911 0.27 10.051 
2.2 10.591 0.75 10.151 
8.1 10.201 7.9 10.101 
1.6 10.491 0.60 10.101" 
1.4 10.291 0.60 10.071 

52 16.11 16 14.91 
557 1711 66 14.91 

16 17.11 7.3 13.71 
2.6 10.221 1.9 10.221 

15 10.931 12 11.91 
2.2 10.271 2.1 10.201 
4.2 10.391 2.8 10.591 

t means baeed on sample size of ai.x. 
t Fertilized with cow manure. 

Sig· 
nificanc:e 

NS 
<0.01 
<0.01 
<0.01 
<0.01 

NS 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

NS 
<0.01 

Table 2-Radionuclide concentrations in oven-dry soil-d soil size fractions from Mortandad garden plot. 

<43,.m 53-lOO,.m 100-500,.m 0.5-0.1 mm 1.0-2.0mm 2.0-23mm 

meaniSDit 

%Soilweicbt 9.015.01 14 15.01 22 14.01 19 14.01 21 14.01 16 16.11 
pCi"'Cslg 217 1431 196 1471 125 1361 69 1351 54 1301 11.C 1671 
% '"Cain fraction 17 23 23 11 10 16 
pCi-PuJg 14 12 . .CI 17 13 . .CI 10 16.11 8.115.61 5 . .C 13.91 6.814.11 
% ... Pu in fraction 12 22 32 H 10 10 
pCi ... · .... Pu/g 2.6 (0.521 3.7(3.21 2.8 (0.871 1.7 (0.831 0.95 (0.461 1.3 (0.551 
% ,..., .. Pu/g in fraction 11 25 30 15 10 10 

t Mean and SD baeed on sample size of 26. 
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Table 3-Eifect of aoil fertilization on concentrations of Pu and 
me. in plants labove-ground biomue minus fruita) and 

fruita of bush beanelmean 2: one SD of 
13 determinatione). 

Radionuclide unfertilized Fertilizedt 

---pCi/g oven-dry tiasue,---

Plant 

-Pu 0.92 '*' 0.41 0.52 '*' 0.23 
'"Pu 0.14 '*' 0.06 0.08 '*' 0.04 
'"Ce 17.3 '*' 3.7 8.0 '*' 3.7 

Fruit 

-Pu 0.26 '*' 0.60 0.31 '*' 0.72 
'"Pu 0.04 '*' 0.09 0.05 '*' 0.11 
'"Ce 5.9 '*' 4.1 2.8 '*' 1.2 

t Fertilized with cow manure. 

Radionuclide concentrations in soils (Table 2) did not 
differ significantly (p > O.OS) between treatments 
(fertilizer vs. no fertilizer) and, overall, averaged 85 
pCi mcs/g dry weight, 10 pCi mpu/g, and 1.9 pCi 
mpuf g. The soil was sandy with over 9007o of the soil 
mass consisting of particles >53 I'm. In addition, over 
80% of the radionuclide inventories were present in 
sand size fractions. Relatively little of the radionuclide 
inventory was present in the silt-clay (<53 I'm) fraction; 
these particles contained only about 10% of the radio
nuclide inventory (Table 2), even though the 
radionuclide concentrations in this fraction were 
relatively high (Table 3). 

Treatment Effects 

The fertilization treatment had no significant effect (p 
> 0.26, Table 4) on Pu concentrations in beans (Table 
3), although it decreased 137Cs concentrations. Bean 
fruits had lower concentrations (p < 0.001, Tables 3 and 
4) of all three radionuclides than bean plants did. 

The differences for tissue effects (e.g., fruits vs. 
plants) are explainable due to the differential times of 
the material being available for contamination by soil 
from wind or water movement, and to the fruits usually 
·having lower radionuclide concentrations (Schulz, 1977; 
Schreckhise and Cline, 1980). The leaves and stems had 
been exposed to raindrop splash-up and/ or wind 
erosion for the full growing season, while the fruits ap
peared late in the growing season and were soon 

Table 5-Eifecte of ecU fertilization, wuhing, and height of 
material eamplecl on concentratione of Pu and me. in the 

above-ground biomue of equuh plants lminue fruita) 
lmean '*' one SD of eight determinations). 

Unfertilized Fertilized 

Radionuclide 0-20 em 20cm 0-20cm 20cm 

pCilg oven-dry tiasue 

Waebed 

-Pu 1.34 '*' 0.40 0.34 '*' 0.25 0.81 '*' 0.31 0.17 '*' 0.09 
-Pu 0.19 '*' 0.04 0.05 '*' 0.04 0.12 '*' 0.05 0.02 '*' 0.01 
'"Ce 24.9 '*' 7.5 1.9 '*' 1.4 10.5 '*' 5.4 4.5 '*' 3.3 

Unwaebed 

-Pu 3.3 '*' 1.4 0.63 '*' 0.50 2.26 '*' 0.76 0.44 '*' 0.22 
'"Pu 0.56 '*' 0.25 0.10 '*' 0.88 0.36 '*' 0.13 0.07 '*' 0.04 
'"Ce 66±36 22 '*' 11 33.5 '*' 7.7 10.5 '*' 4.0 

harvested. The potential for the fruits to become con
taminated by physical processes was much less than for 
the remainder of the plant. 

The differences between the effect of fertilization 
(Table 4) for Pu (p = 0.26) and mcs (p <0.001) is at
tributed to the increase of K, a biological analog of Cs. 
The increased K concentrations in the soil (8.4 times 
greater in fertilized soil, Table 2) decreased the uptake 
of mcs by SS% (Table 3). The significant (p = 0.004, 
Table 4) fertilization X tissue effect for mcs further in
dicates the importance of biological uptake for this 
radiomdide. 

The three main effects (fertilizer treatment, washing, 
and height above the ground; Table S) were each significant 
(Table 6) for all three radionuclides. The fact that washing 
significantly reduced radionuclide concentrations by about 
65% (Table S) indicates that much of the measured 
radioactive materials must have been associated with the 
plant surface. Likewise, because the lower portions of 
the plant had about four times higher concentrations 
than the upper portions (Table S), surface contamina
tion of the plant by soil is further supported. The lower 
radionuclide concentrations (p = 0.066, Tables S and 6) 
on the fertilized plot (35% for Pu, SO% for Cs) is at
tributed to the increase in organic ·matter, which 
stabilizes the soil and decreases mobility from wind- and 
water-driven processes. This hypothesis is further sub
stantiated by the significant interaction term (p = 
O.OSS, Table 6) for fertilization x height. Fertilization 

Table 4-Analyeie of variance table for the beans. 

Source 

Fertilization 

Plants within fertilization 

Tiii8Ue 

Fertilization x tiseuc 

Tiii8Ue x plants within fertilization 

Radionuclide 

"'Pu 
'"Pu 
once 
"'Pu 
'"Pu 
'"Ce 
"'Pu 
'"Pu 
'"Ce 
"'Pu 
'"Pu 
"'Ce 
"'Pu 
'"Pu 
'"Cs 
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Sum of 
equaree 

0.397 
0.009 

503.332 
7.304 
0.165 

255.023 
2.459 
0.054 

904.890 
0.621 
0.014 

125.800 
5.914 
0.132 

301.917 

Degrees of 
rr-iom 

24 
24 
24 

1 
1 
1 

24 
24 
24 

Multivariate 
F Significance significance 

1.306 0.264 
1.329 0.260 <0.001 

47.367 ' <0.001 

9.980 0.004 
9.847 0.004 <0.001 

71.932 <0.001 
2.521 0.125 
2.558 0.123 0.014 

10.000 0.004 



Table ~AD&Iyaia of variaaee for aquaah plaata. 

Sum of De,rwa of Multivariate 
significance Radionuclide equaree freedom F Significance 

Fertilization 

Plants with fertilization 

Washing 

Fertilization x washing 

Washing x plants within fertilization 

Height 

Fertilization x bei«bt 

Height x plants within fertilization 

Washing X bei«bt 

Fertilization x washing x bei«bt · 

Washing x height x plants within 
fertilization 

•Pu 
... Pu 
'"Ce 
-Pu 
IIIPu 
"'Ce 
-Pu 
-Pu 
'"Ce 
•Pu 
... Pu 
'"Ce 
... Pu 
'"Pu 
'"Ce 
... Pu 
... Pu 
'"Ca 
-Pu 
'"Pu 
'"Cs 
··Pu 
-Pu 
'"C. 
-I'll 

'· ~~opu 

'"Cs 
... Pu 
'"Pu 
'"Ce 
··Pu 
-Pu 
'"Cs 

3.677 
0.110 

3064.038 
8.856 
0.220 

4384.757 
15.688 
0.471 

8075.943 
0.247 
0.017 

1014.343 
5.806 
0.169 

3298.900 
37.305 

0.966 
9097.583 

U34 
0.043 

1406.906 
3.308 
0.121 

1701.010 
8.042 
0.264 

1403.345 
0.219 
0.016 

12.311 
4.830 
0.149 

1558.684 

reduced the accumulation of contaminants more on the 
upper parts of the plant than it did on the lower portions 
(TableS). 

The above explanation of the decrease iri splash-up 
due to fertilization would also suggest that the fertiliza
tion x washing interaction should have been significant 
(Table 6). More material should have been washed off 
of the unfertilized plants than the fertilized plants be
cause there was more material present to wash. The 
137Cs term was marginally significant (p = 0.057), but 
neither of the Pu terms were significant (Table 6). We 
believe this interaction term was not significantly re
jected because the amount of additional material to be 
washed off was small in relation to detection limits, and 
the variation in the data obscured the interaction. 

Table 7-Effect of soil fertilization on concentration of Pu aad 
"'Ca in washed fruita of squash. Three fruita were takea from 

each of eight plants ia eaeh fertilization plot Cmean -± SD 
of 24 determinations). 

Radionuclide 

... Pu 
'"Pu 
1" Cs 

" 'Pu 
'"Pu 
'"Ca 

Unfertilized Fertilized 

---pCi/g ove!Hiry tissue---

Peel 

0.024 :1: 0.012 
·0.{)06 :1: 0.003 

9.5 :1: 7.1 

~ 
0.006 :1: 0.017 
0.006 :1: 0.022 

6.2 :1:4.8 

0.017 :1: 0.031 
0.005 :1: 0.012 

4.6:1:2.3 

0.002 :1: 0.001 
0.002 :1: 0.004 

4.1 :1: 1.8 

14 
14 
14 

5.813 
6.970 
9.783 

0.030 
0.019 
0.007 

0.066 

<0.001 

0.254 

<0.001 

0.065 

0.006 

0.286 

Cesium-137 concentrations in plant material from the 
fertilized plot were even further reduced (Table S) than 
were Pu concentrations. The greater decrease for mcs 
from fertilization can be attributed to the increase in K 
and, hence, discrimination against mcs by the plant, 
illustrating the greater biological activity of 137Cs. 

The reduction of radionuclide concentration in 
squash fruit due to fertilization (Table 7) was not sig
nificant (p >0.174, Table 8) for Pu. We attribute the 
lack of a fertilization effect for Pu to the short time that 
the squash fruits were in the garden and thus subject to 
surface contamination, and to the low levels of activity 
observed in the fruits with the effect thus obscured by 
the variation due to fallout background. As the fruits 
reached the sizes where they are normally utilized for 
food, they were harvested from the garden and stored 
until analyses. They were washed before being prepared 
for analyses, and thus, as illustrated in TableS, some of 
the surficial contamination was removed. In addition, 
the greater biological activity of 137Cs increased the 
fertilization effect, and thus a significant difference was 
found for 117Cs but not for Pu. 

For 211Pu, the washing did not remove all the activity 
on the peel (Table 7), with the 211 Pu concentration in 
meat being only 200Jo of the concentration in peel. We 
attribute the difference to surficial contamination, al
though biologically active Pu could have been prefer
entially deposited in the peel of the fruit rather than the 
meat. The difference in mpu concentration between the 
peel and the meat of the fruits was not significant (p = 
0.48, Table 8), which suggests that there was little con-
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Table 8-Aaalyaie of variaace for aquuh fruit. 

Sum of 
Source Radionuclide equares 

Fertilization '"Pu 8.0 X 10·• 
'"Pu 1.2 x 1o-• 
'"Ca 2.9 X 101 

Plants within fertilization "'Pu 6.4 x 1o-• 
IIIPu 2.2 x 1o-• 
'"Ca 9.6 X 101 

Fruit within plants '"Pu 6.0 x 1o-• 
'"Pu 2.6 x 1o-• 
"'Ca 2.0 X 101 

Peeling -Pu 6.6 x 1o-• 
IIIPu 6.0 x 1o-• 
'"Ca 8.7 X 101 

Peeling x fertilization "'Pu 4.0 x 1o-• 
'"Pu 9.0 x 1o-• 
'"Ca 4.4 X 101 

Peeling x plants within fertilization IIIPu 4.6 x 1o-• 
IIIPu 2.2 x 1o-• 
"'Ca 1.2 X 101 

Peeling x fruits within plants "'Pu 6.4 x 1o-• 
IIIPu 2.7 X JO-• 
"'Ca 1.8 X 1()1 

tamination by Pu, and that any difference in concentra
tion was obscured by variation due to the fallout back
ground. Concentration of mpu was only 200Jo of that 
for mpu in the soil (Table 2). 

In contrast, both fertilization and peeling the fruit 
produced significant differences (Table 8) for 137Cs. The 
decrease in 137Cs concentrations due to fertilization 
(Table 7) can be attributed to the increase of K in the 
fertilized plot, although the effect was only marginally 
significant (p = 0.058, Table 8). The greater concentra
tion of .,,Cs in the peel vs. the meat (Table 7) may be ex
plained by surficial contamination that was not 
removed by wash treatment. The higher concentrations 
of 137Cs allowed sm~ller differences to be detected than 
for Pu. 

Concentration Ratios 

The dimensionless ratio of concentration in plant 
tissue to concentration in soil was calculated for the five 
plant tissues analyzed in this study (Table9). Combined 
cell means were used for each tissue, thus the concentra
tion ratio varied for fertilized vs. unfertilized plots, 
washed vs. unwashed, and lower vs. upper strata. These 
concentration ratios were calculated using the soil data 
in Table 2 and tissue data from Tables 3, S, and 7. All of 
the statistical results discussed for Tables 4, 6, and 8 
apply to the concentration ratios, as the only difference 
in the data is the constant factor, soil concentration. 

In Table 9, we see that the largest concentration ratios 
for Pu were in squash plants, followed by bean plants. 
We would expect these results, as squash plants are 
better collectors of soil than bean plants because of their 
large flat leaves close to the ground surface. 

The .,,Cs concentration ratios were always greater 
than those for Pu (Table 9), substantiating the fact that 
.,,Cs is biologically more active than Pu. Because green
house studies have shown that biological uptake is 
< 1 DJo of the total Pu content of vegetation (ERDA, 
1976), we can use the concentration ratios in Table 9 to 
partition the amount of mcs splashed up on the plant 
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Detrr-of Multivariate 
freM!om F Significance significance 

2.053 0.1'U 
0.736 0.406 0.238 
4.246 0.068 

14 
14 
14 
16 
16 
16 

19.770 <0.001 
0.627 0.480 0.006 

10.174 0.007 
1 0.136 0.716 
1 0.606 0.483 0.261 
1 3.386 0.075 

14 
14 
14 
16 
16 
16 

Table 9-Coaceatratioa ratioa {pCilg dry weight vegetable + 
pCllg dry weight aoil} for varioua plaat U..aea 

from the Mortaadad gardea plot. 

Tiaaue '"Pu '"Pu '"Ca 

Bean plant 7.2 X JO-> 5.8 x 1o-• 1.5 X 10-• 
Bean fruit 2.9 X JO-• 2.4 x 1o-• 5.1 x 1o-• 
Squash plant 1.2 x 1o-• 9.7 X JO-> 2.5 x 1o-• 
Squash peel 2.0 x 1o-• 2.6 X JO-• 8.3 x 1o-• 
Squash meat 4.0 X JO-• 2.1 x 1o-• 6.1 x 1o-• 

as opposed to the amount taken up biologically. The 
squash plant data are taken as an example to illustrate 
the calculations. The average concentration ratio for Pu 
was about 0.11, while the concentration ratio for mcs 
was 0.25. Thus if no biological uptake were present for 
mcs, we would expect a concentration ratio of 0.11 as 
for Pu. Instead, the concentration ratio of 0.25 suggests 
that 430Jo of the 137Cs on the squash plant was due to 
splash-up, while 600Jo was due to biological uptake. 
Similar calculations for bean plants, bean fruits, squash 
peel, and squash meat gave the percent of 137Cs splashed 
onto the tissue as 43, 52, 28, and 2, respectively. These 
values illustrate that about 450Jo of the mcs on the un
washed plant material was due to splash-up. The squash 
fruits were washed as in normal food preparation, so 
the amount of 137Cs remaining on the peel surface was 
lower than for the unwashed plants. The 20Jo figure for 
squash meat illustrates the obvious-nothing was 
splashed into squash meat. 

Radiation Doses 

Radiation doses to humans consuming vegetables 
from the garden plot were calculated for all vegetable 
combinations. Doses from zucchini squash (meat only) 
and for green beans from the unfertilized plot are pre
sented in Table 10. Unfertilized plot qata were chosen 
because contamination concentrations were higher than 
in the fertilized plot. Thus, calculated doses represent 
the upper portion of the range of calculated doses. 
Doses were dominated by the 137Cs contamination. The 



Table 10-Estimated radiation doses to humans from ingestion of garden vegetables grown in the unfertilized garden plot 
contaminated with 111 ·111Pu and "'Cs. 

Annual 
1st-year do~ 50-year doae commilrnent.t 

·Vegetable ingestiont Total body Bone Liver Total body Bo"n .. Llv., 

kg mrem 

Zucchini equash 0.23 2.5 X 10'' 2.5 X 10-' 4.2 X 10-' 4.0 x IO-• 4.7 )( 10' ' 6.3 )( 10' ' 
Green beans 0.68 1.6 X 10-' 1.6 X 10-' 2.8 X 10·> 2.7 X 10' 1 .f.2 )( 10' ' .. ... )( 10 ' ' 

t Ingestion rates taken from USDA,1978. 
:t Radiation Dose 'f'actors (mremi,.Ci intake) taken from Corley et al. 1977; concentrations of "'Cs and '"·""Pu in vegetables taken from Tahle8 S and 7 

Calculated dose includes contributions from both "'Cs and " 0 ·"'Pu. 

only place where 138
·
139Pu made a significant contribu

tion (380Jo) was in the 50-year dose commitment to bone 
from green bean ingestion. As can be seen from the 
data, doses are extremely low and represent no hazard. · 
The largest total body dose in the table (0.027 mrem) is 
equivalent to the dose received from cosmic radiation in 
7 min from flying at typical jet aircraft altitude of 9,144 
m (30,000 feet). This dose represents 0.230Jo of the esti
mated 138 mrem Los Alamos residents received from 
natural radiation in 1979 (Environmental Surveillance 
Group, 1979). 

SUMMARY AND CONCLUSIONS 

The results of this study demonstrate that a major 
source of contamination of green beans and zucchini 
squash by 137Cs and m.mpu was due to soil on the plant 
surfaces. The lower portions (0-20 em) of zucchini and 
squash plants were contaminated about four times the 
higher portions ( > 20 em). About 65% of the contami
nation on zucchini squash plants could be washed off 
with normal food preparation techniques. Fertilization 
of the garden plot with cattle manure reduced contami
nation by about 30% for Pu and even greater (about 
50%) for 137Cs. The reduction due to fertilization is at
tributed to a stabilization of the soil surface, and, in the 
case of 137Cs, reduction in 137Cs uptake in the plant was 
due to increased K concentrations. 

Fifty-year radiation doses to humans consuming 
vegetables from the garden plot would be < 0.05 mrem 
and would be due .almost entirely to 137Cs. 
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