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1.0    PROGRAM DESIGN 

1.1 'PHASE  I OBJECTIVES 

The Phase I soil boring program was designed to  identify contamination 

present in unsaturated zone soils throughout the Rocky Mountain Arsenal 

(RMA).     Soil borings  in a square grid  pattern §s& broad  gas 

chromatography/mass  spectrometry  (GC/MS)  scajfs jrere  the primary 
■ // techniques  employed  in this  effort,  which^flsöütjincluded geophysical 

investigations  and additional chemical aÄaWsfej^/^Jie sampling and 

analytical programs are discussed in des^l  in SeBfcLon^2.0 and 3.0, 

respectively.    These methods were jjfigjfed to be the mqN^cost effective 

for defining the nature,   level, 'afidjftocation- of contamination over a 

large area containing multiple^offplex^gptential sources  and 

uncontaminated areas.     Results^af Ffeflser^I'investigations  and plans  for 

Phase II investigations  are presenB^d  r^the Source Reports which  follow. 

ifcCon efIlocatiora^was  good,  questions  existed as  to  the 

iinat^n ancT'ffB'apounds  present.     Thus,   a "screening" 

 4d to answer  these questions  and provide  the 

jt a more focused and cost effective Phase  II 

jula^keResigned and carried out. 

Several factors necess^ated the^Bs^of a two-phase approach to soil 

.«-\DMA      Jhe^sa^aLg^ location and geometry of some 

previously reported^pbtentiai^satfrce areas were questionable.    The ,r_      \. c 
possibility exip€ed_c%at prev^oufly unreported sources were present. 

0 

a 

Ö 

PHASE   II OBJECTIVES 

12*1 ling tiliefPha.se II programs,   the main objective was  to provide a 

rizont alSe^tte 

ilytical scheme capable of defining  the vertical and jampli 

horizontalSejftent of contamination at specific sources. This will 

require quantitative analyses of appropriate compounds within and beyond 

the contaminated areas. Geostatistical techniques can then be used to 

delineate volumes which are contaminated above a specified level. The 

ultimate goal of this effort, and the entire Remedial Investigation (RI) 

process, is to define what materials require remediation and characterize 

the level and nature of contamination in those materials. . 

1-1 
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The Phase II programs presented in the various source reports were 

designed to obtain this information by employing a modified grid sampling 

strategy and quantitative analysis of the chemicals of interest.at each 

source. Chemical methods will include, as appropriate, gas 

chromatography (GC), Atomic Absorption (AA), and Inductively Coupled 

Argon Plasma (ICAP).  In each case, the sampling locations and analytical 

scheme were based on source- geometry and chemafcgfs identified in Phase I. 

1.3  RELATIONSHIP TO OTHER TASKS 

The soil boring and sampling program d^c#ibed T^elrtis only a small 

part of the overall RI effort currency ongoing at SMA.#"Studies of- 

contamination in ground water, sugE^e water, air, buildings, and biota 

are being conducted under other.Äa^k orders. An endangerment assessment 

and studies to establish acti4h Iseyels Jör cleanup are also underway. 

Descriptions of task objectives afcd t&hnical plans for the various tasks 

initiated are available through Program Bfegiager's Office-Rocky Mountain 

Arsenal (PMO-RMA). Ul^ffma^&fc^s^.^lata frofl^/ll these efforts will be 

integrated to form a comgreheftS'Mre exa^feiation of the sources of soil 

contamination, migration of Sgftt^ninants, and impacts of contamination on 

RMA and in surrousting area" 

G 

G 

Nfc«^ 

The effortSjme#crib#l ftmAhase fhase  I reports  and  the associated Phase 

II plans  ^e^esy^ejTTa; 'iduaofify the nature and extent of contamination 

in the unsattffeatedcsoil zone above the water table within RMA.    Questions 

relates" to p^^nS^l s^pund water  impacts  and biota effects  can only be 

answered Dy c^is\deralite|on of pertinent studies  from other tasks. 

%SAN|SE OF HI#TCJRICAL INFORMATION 
>v ^SL / j      :  
A coffisu-deteabJe Jfody of historical information on contamination at RMA was 

availablesßr^r to the design of Phase I soil sampling programs. 

Additional significant information was obtained during Phase I 

investigations. Historical information was obtained in the form of 

previous investigative studies, aerial photographs, and depositions of 

key personnel. The specific nature and use of such information is 

discussed below.  In all cases, this information was employed as a tool 

in designing cost-effective studies.  Sufficient sampling-was conducted 

n 
1-2 
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to support or refute source designations and/or boundaries. These were 

revised as appropriate when additional information became available. 
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RMA personnel have performed numerous investigative activities over the 

past 20 years to identify locations where activities may have resulted in 

soil contamination.  The results of these invejFfe^gations are summarized 

in many reports and data are tabulated in a jffotgputerized data base.  One 

of the more comprehensive reports summarizjtng'N^e locations and estimated 

extent of soil contamination is the RMA^^^nteami^^ion Report (RMACCPMT, 

1984).  In the process of investigatinjfMbils at T8|A,^pmprehensive maps 

were prepared that summarize the .lo#agions•, extent, atmprobable use of 

over 150 potential contaminant sojarres. This information was used as the 

basis for the initial source dgg:yfhatL&8.s source boundaries, and 

uncontaminated areas boundaries^ ^%es^were later revised as appropriate 

using additional information. 

Historical aerial photSgraghs tes as early as 1948 were located 

and reviewed to help dell$eä£erjmiA«^££tions of RMA exhibited surficial 

disturbances that may- have^esuLeed from the disposal of hazardous 

materials. The_s€aerl%,al phoftpgfephs are available at intervals not 

greater than^L^e yelr| from 19^8?to present. Photographic examination 

reveals tha£ jground/
rscars?Sa(Sf*n visible for more than five years. 

Ground scafvicNn£i&Led on aerial photographs were investigated as 

ources. . If disposal activity records were either 

sifftgesluve of contaminant disposal, the ground scars 

a Phase I soil investigation. The aerial photographs 

potential contc 

not 

oiconfirm the location and configuration of known 
si. 

t£  eonfirm areas historically free of disturbances. 

• ^/ • ■ third aa^n source of information of past activities was depositions 

taken from key RMA and Shell personnel, both those currently employed at 

RMA and those that work elsewhere or have retired. These interviews 

aided in determining the use of sites identified from aerial photographs 

and RMA records.  Interviews in some cases confirmed the disposal 

practices that occurred at specific sites while in other cases these 

interviews provided disposal history for sites where no documentation was 

1-3 
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available. Valuable information was obtained from RMA and Shell 

personnel concerning identification of chemical spill sites in the South 

Plants area. 
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2.0 SAMPLING STRATEGY 

0 
c 

u 

0 

2.1 • PHASE I 

2.1.1 UNCONTAMINATED AREAS 

Large portions of RMA have never been utilized for the manufacture, 

handling or disposal of hazardous materials. Jpy.s has been documented by 

several methods including interpretation of pSrjal photographs, 
f.JF examination of RMA records,   and  interviews^ifh RMA and Shell personnel. 

sjlc^^nla^located along the RMA 

perimeter contain few potential contaml^Eion sousces^|nd  that most 

interior sections of RMA have extens^^ areas where na^fotential sofuces 

have been identified'.     These portifcgs  of RMA were designated as 

uncontaminated for  the  current^egfediajst investigation 

To confirm that  these uncontarainaefed- a*£as  are. free of significant 

contamination  they were investigated vStderSgMA Phase  I programs.     If 

contaminants were dete^ed^ tnga*iM&^_ in question was  either  included 

within the boundary of a& e^Lstjsig^Quräe or designated as  an additional 

source and  subject  to: an appropriate Phase  I or Phase  II  investigation. 

Spacing of borings  1% ilncontamigiaSed areas was not intended to  identify 

small contasTisant sources  Wfrftaefeo confirm or refute the historical 

informatiörfc^höwijrg^hes'e  areas were not subjected to disposal 

activities.     B 

seJ 

<He spacings .for each section (1 square mile) were 

TNL, ?§^) ft, or 500 ft based on best professional 

and casts effectiveness. Spacing of 1,000 ft was used in 
/.it. 
jntaminated areas of sections that contain very few potential 
St # I 
rampant sogrc/es of limited aerial extent. Borehole spacing of 750 ft 

was se^ctrfe^^fofr sections which contain moderate proportions or number of 

potentialSkOfftaminant sources. Borehole spacing of 500 ft were used in 

uncontaminated portions of sections that have a high proportion of 

contaminant sources such as Section 36. 

a 

0 

All boreholes in uncontaminated areas were drilled to 5 ft and samples 

were collected from depths of 0 to 1 and 4 to 5 ft. All RMA disposal 

activities involved disturbance of soils.shallower than 10 ft. A single 

2-1 
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sample of near surface soil (0 to 1 ft) would provide sufficient 

confirmation for contaminants such as the organochlorine pesticides or 

trace metals in the upper foot of soil. An additional sample was 

collected in each borehole from a depth of 4 to 5 ft to ensure that more 

mobile contaminants leached from near surface soils were detected. An 

additional reason for collecting 4 to 5 ft samples is that trench 
#%, 

disposal may have resulted in the presence ofÄoJftaminants at depths of 

2 to 7 ft but the trench could have been co#ei§gd with clean overburden 
■ *    N^ 

material.  It should be emphasized that n^f ^ch activities were observed 

in aerial photographs or RMA records fatf^contlifcyiatead areas. If such 

activities were observed, the uncontjsy.nated area de^'sigQfation would be 

changed and the areas would be iny^sJÄgated as a potential source. 

The two samples from each boraffoI^inrun£qntaminated areas were 

composited to provide the most c<5%£  effective approach to confirming the 

r» lack of contamination in the large pOTSfioas of RMA where no disposal 
m "...        . J?***^   '     "%* ^ 
Lk activities had previously oStfasred. Samples were composited only from . 

within a single borehole\ ^my,%,d«tecti?5te-of contaminants could thus be 

|j traced to a specific locac£on\£ndji'a Phase I source program initiated. As 

only two samples w^^compos^te^, minimal dilution of potential 

! ; contaminants wJuLtTTtava occurred.\ If contaminants were present in one 

horizon and^ow in tjfe ^afebg£.,a worst case situation may develop. Under 

c • ■■ 
• such condisfiofts^, ass«mlttg"»«ae^sample is completely free of contamination, 

a maximum con^ajnin^fnt dilution of 50 percent would result. For example, 

p the CUes" l 'rtft^mp^e m«y contain 40 mg/kg of Dieldrin and the 4 to 5 ft 

L» sa^^rnone/^rha; compssgfite sample would then contain a concentration 

jrea? 20 mg/kg. |Therefore, sample compositing procedure does not induce 

jN,gnr£icant samf>l£ dilution» It does artificially increase the effective 
%^ TV .   / J 

dete<?^Lon%lima.t^iy a factor of two.  If the analytical detection limit 
. \. 7* ./ 

for Dielaisän■ Jra 0.3 mg/kg the case described above would have an 

effective detection limits of 0.6 mg/kg for each sample. 

<ear iM  mg,. _ 

ignriicar *~   * *" 

0 

2.1.2 SOURCE AREAS 

An empirical curve was developed for estimating the total number of 

Phase I and Phase II samples that could not be logistically and cost 

2-2 
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c 
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c 

effectively obtained in the soils investigations. This curve was 

primarily used to obtain the number of Phase I boreholes at any source. 

A secondary purpose of this curve was to obtain an estimated number of 

Phase II boreholes for budgetary and labor estimates. The Phase II 

program for each source is designed based on Phase I data and in general 

did not strictly adhere to estimates from the empirical curve. 

The empirical curve was developed based onjEh^best professional judgment 

of two teams of consultants. An estimat^o#^heHlevel of effort required - //XV 
for the soils  investigation at over 40^,n#ividu^tcd%^ammant sources was 

assembled and compiled.    These estimates were based «a Jne method of 

contaminant disposal" arid  the  estimates area of each source.     Soil 

investigation programs  for thesjr4JF contaminant  sources were  combined 

into the empirical curve.     Ph^e'^.ajfl Jnase  II programs  for each source 
■^. ^f ^ 

were modified to conform to  the era^irecal  curve. 

Ü 

C 
[ 
[ 

To provide uniformity ^d aSfrwiSjyjncy  in^öfe  sampling of subsurface soils 

and allow interpretatio^an^Söt^our^g^sof contaminant concentration 

data,  regular sampling intferv^as#ere established. . In cores where visual 

evidence of contjaaiBiation wa\ observed or high concentrations  of volatile 

organics  (OVAjorjflSflQ  were deC^ctpd  in soil  intervals  other  than the 
IT/     1 1    \f 

regular samrf[y?g i n tf~ r-ffrlin  add ft iona 1 samples were added to the sample 

train at fi£e^ise^ty^n"^J*>-4J*e site geologist. 

Phas^sl irfiKsedation no samples were scheduled beneath the water 

:r%tegy^as established to prevent possible cross 

»round water by contaminants in overlying soils. Soils 

wafeif table may show degraded soil quality as a result of 

•/transport that is not representative of overlying soil wafeer/ti 

column c^ttfr^utions. This-evaluation of contamination in saturated 

soils is not an objective of the soil investigations (Tasks 1, 6, 14) but 

will be addressed in ground water'related tasks (4, 25). 

The exception to the rule of not sampling beneath the water table in 

Phase I investigations was for soil borings in trench disposal areas. 

Fluctuations in ground water table elevation may have resulted in higher 

2-3 
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water tables at locations where previous trench disposal occurred. In 

these cases, soil sampling proceeded past the water table to the maximum 

depth of trenching or disposal activities as determined by the site 

geologist based on visual inspections of the soil core. 

2.2 PHASE II     ' 
  J^z. 

The grid patterns and boring densities for PtuFse/II investigations have 
# jf"     . 

been designed based on Phase I results. TbJ? gämber and placement of 

borings and samples for Phase II present^ 

selected specifically to augment Phase 

source reports were 

ata as%^ec%|sary to meet Phase 

II objectives.     The depth and distribution of samplrftgsn Phase  II   • 

investigations will depend on the Jfs^Cssment of Phase  I data.     In some 

instances where contamination is/Wesent  in significant concentrations 

immediately above the iwater t&\&*&x Jchj? water table appears  to have 

risen since contaminant disposafj^oilt,samples will be collected beneath 

the water table contact. 

u 

[ 
[ 
r 
T 

La 

G 

L 
D 

In several  instances,   söuröe^k^gnatTlKFFeB and/or boundaries  for Phase  II 

were changed.    Where Phase\I i^ata/indicate previously designated 

boundaries  are  infiaasrect,   tffi^ boundaries were altered  to properly reflect 

the area impaciredf3!?^ a%given s-eurje.    This   includes  dropping and/or 
... / /       1   L      „     VTT   . . ,_ , .     . combining some#sourci6s »feoa^tiastf II  investigations,  where  this  is 

justified-^ T^ase/TjfTatgPT'nTJfe  intent of  this  process  is  to properly 

designate area^wh^ch exhibit a correlation in the nature of 

conta2HmatiöTJ*htan^ar§vrelated to a particular disposal practice or 

Ld be^äKireasonable to maintain boundaries based on 

lition considering recently acquired scientific evidence 
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3.0 ANALYTICAL STRATEGY 

.0 
D 
D 

D 
C 

u 

C 
D 

C 

3.1 •'PHASE I 

Detailed descriptions of analytical methods for Phase I chemical analyses 

have been distributed to all interested parties. The analytical 

parameters and detection limits of these methodj are presented in 

Table 3.1-1. Modified U.S. Environmental Projfeoifion Agency (EPA) gas 

chromatography/mass spectrometry (GC/MS) MeAö&s 624 and 625 were used 

for analysis of organic compounds. An Igßjls^iÄ^creen was used for 

base metals (Pb, Cd, Zn, Cu, Cr). Sep4fE<^2 metllds'We used for As, Hg, 

and DBCP. The separate DBCP method jfcas dropped latel^is" the soils ■ 

program, after it was determined tfia^DBCP was amenable to inclusion in 

the GC/MS methods..  In general,M.yg  five methods were used for Phase I 

pies. The exception to th^j wiig tsfieJ^QA analyses.  In sources where s am 

the history indicated no disposa^jf -^jlatiles, only 10 percent of the 

samples selected from deep^ intervals "«^reHsubjected to VOA analysis.  In 

addition, VOA1s were ngt ru 

assumption that no V0A's\wo\i 

uncontaminated areas .because 

analysis inaccur 

£he 0 to^Mft interval samples, on the 

Also, VOA's were not run in 

ejcompositing procedure rendered the 

In areas whege./ehemii-af—ftBUfrs were expected, RMA laboratory performed 

screen mg-^or* 

sampled for ch^se ^pnstituents are described in the source reports. 

fe^ailed descriptions of chemical methods for Phase II organic analyses 

y.r*%Le documeqfcejl under a separate cover.  In general, they consist of 

quanP^alNsre^CjÄiethods (EPA 601, 602, 608, etc.) which cover the same 

suite of^WiaLftes studied in Phase I as well as any additional analytes 

recommended for inclusion. Methods for metals, As, Hg, and DBCP will 

remain the same. The target detection limit for organic analyses 

established prior to certification was 0.05 ppm. Certified detection 

limits will be included in the detailed methods. 

3-1 
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Table 3.1-1. Phase I Analtyical Parameters and Reporting Limits 

Arialytes 
A 

Reporting Limits^- »^  (ug/g) 
ESE MRI UBTL CAL 

0 

c 

U. 

c 

[ 

Volatile Organics 

Chloroform (CHCI3) 
1,1-Dichloroethane (1,1-DCA) 
Methylene chioride (CH2Cl2) 
1,2-Dichloroethane (1,2-DCA) 
1,1,1-Trichloroethane (1,1,1-TCA) 
1,1,2-Trichloroethane (1,1,2-TCA) 
Carbon Tetrachloride (CCI4) 
Tetrachloroethylene (PCE) 
Trichloroethylene (TCE) 
Trans-1,2-Dichlorbethylene (DCEjfj 
Benzene 
Toluene 
Ethylbenzene 
Chlorobenzene 
MIBK 
Diraethyldisulfide \ 
Bicycloheptadiene  (BCHD^ 
Dibromochloropropane  (DBCIO 
m-Xylene 
o- and/or p-Xyle 

Semi-Volatile Organdies\ 

Aldrin 
Endrin 
Dieldrin 
Isodry 
P,P>ö1 
P.JTJSDE 

|Mbhlorocycl%e%tadiene  (HCCPD) 
,4*sk)xathiane 
Uhriajie 

Mahküiit 
ParatlH^nN,/ /' 
ChlordaneS^  JF 
Supona ^^ 
Diisopropylmethylphosphonate  (DIMP) 
Dimethylmethylphosphonate  (DMMP)   . 
Atrazine 

0.3 
2 
2 
0.6 
0.4 
0.4 
0.3 
0.3 
0.5 
2 

.3 

.3 

.4 

0. 
0. 
0. 
1 
0.7 

20 
0.4 
2 
0.8 
5 

0.3 
0.5 
0.4 
0.3 
0.5 
0.6 
0.6 
0.3 
0.4 
0.7 
0.9 
2 
0.6 
1 

0.3 

0.3 
0.9 
0.7 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.8 
0.3: 
4 
0.7 
3 

0.3 
0.3 
0.3 
0.3 
0.6 
0.3 
0.3 
6 
7 
0.3 
0.4 
0.6 
0.3 
0.3 

0.3 

D 3-2 
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Table 3.1-1. Phase I Analtyical Parameters and Reporting Limits 

Analytes 
Reporting Limits*»^ (ug/g) 

ESE MRI UBTL CAL 

C 

Semi-Volatile Organics 

Dicyclopentadiene (DCPD) 
Vapona 
Chlorophenyl."methyl sulfide (PCPMS) 
Chlorophenyl methyl sulfoxide 
(PCPMS02) 
Chlorophenyl methyl sulfone 
(PCPMSO) 
Dibromochloropropane (DBCP) 

ICF Metal Screen 
Chromium 
Zinc 
Cadmium 
Copper 
Lead 
Arsenic 
Mercury 

1 0.4 
3 0.3 
0.9 4 

0.3: O.6.- 

0.3 7 
0.005 0.014 

6.5 5.2 
8.7 9.5 
0.7 0.7 
4.7 4.9 
8.4 13 
3.6 5.0 
0.05 0.06 

\ v 
1 Detection  levels vary amongVtHejfour  laboratories  currently 

conducting chemip*#,i«analyses%,.   \ 
2 Agent screeninj^Cseadjic^ed only%aik Rocky Mountain Arsenal Laboratory. 

Report Limit•(j^/g)la|e:  GB,  Ö\ßl and HD,  2.1. 

Source: -Tasli^ %g£hT&ca£~&Laa+mJ^E,  1984. 

p 
j 
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During the Phase II investigation, only selected methods will be run on 

each sample. This will be determined based on Phase I data. Methods 

will.be chosen as appropriate to quantify the extent of contamination for 

analytes encountered in Phase I.  Analytes scheduled for each sample are 

presented in the individual source reports. 

In areas where Phase I samples required dilutjöyto facilitate analysis, 

the possibility exists that this dilution m#yjffave "masked" the presence 

of some compounds by raising the effectiig@ detection level.' These 

situations are being examined on an indj^plual o&sis^with consideration 

given to data from surrounding areasj^An expanded "s^yLtfrof Phase II 

analyses and/or additional GC/MS ajiafeyses will be used to insure that 

significant analytes are detectes.^This same philosophy is applied where 

the presence of agents precluded<lcont^rac|£or analysis of Phase I samples. 

The Phase II investigation also contl^jis^arovisions for GC/MS 

jrecisely^4$entify the compounds being 

le positive GC findings will be 

confirmation of GC finding 

reported. Approximately! 0Tp>Rcent 
\   \   ■■/■ ß*****J 

confirmed on GC/MS.     ThesiswM^rh^ selected based on source,   sample 

location,   and GCjcfisu-lts-,   t&,maffe  sure confirmation  is  available  in all 

sources  for si^hiJweaTTt  analyces\ 

Various  parties hayejS^iTyiW^sjj^ inclusion of additional  chemical analysis 

methods' in tS^PKage  II program.    These  include various breakdown 

iemrüs^l'^ag^ents,   arid organic arsenic compounds.     This 

consideration by PMO-RMA. 

L 
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4.0  INDICATOR LEVELS 

To determine the relative significance of soil quality data from 

suspected source areas, an evaluation of background soil quality was 

performed. The objective of this evaluation was to establish baseline 

soil quality for EMA. The assessment of natural or background ranges of 

concentrations for potential RMA contaminants.^ primarily metals, is 

essential to -the evaluation of Phase I soil#dg£a. With baseline 

conditions established, the impact on so^f Jätvalr^Äthat has resulted from 

disposal and manufacturing practices c^ffjfe assSs^ecrW 

The first method used in this evalJa^Lon was a literature search to 

determine natural, ranges of pot^ftÄl contaminants in soils, specifically 

those of the western United S©tS%,. ^hjfsecond method utilized to 

establish baseline conditions was%theChemical analysis of a bulk soil 

sample that was collected and homoge^^ea^to serve as a soils matrix for 

the project laboratories ^Tfefe^firial metfi^r was the tabulation, and 

evaluation of soil qualf^y^SaTSr^romuftfesontaminated areas of RMA. 

U -    \Vy 
At the time of thJA^valuatSohjCsoil quality data was available for 24 of 

the 27 sections jf^SMA% This TesSablishraent of baseline soil conditions 

was primarily ^rectäd&a^jyituräl variations for metals including 

arsenic, iQjIiiriLJ_III 'niiifflirtTiwimmcjfj'l"''". mercury, lead, and zinc. 

r,           4.1 JjffST&Tg&E gB^IEW^ 
i J* ^ ^ "\ /%. > 

Li A JfiteratureT£ev%ew wS©' ] v%ew ^ performed to determine natural ranges and average 
i \ 

tAsi concentrations in uncontaminated soil.  References 

dfecS Kabata-Pendias and Pendias, 1984; Shacklette and 

;^/4nd Wedepohl, 1970» Values obtained from the first two 

~-  presented in-Table 4.1-1. Mean concentrations are 

reported in addition to concentration ranges. Many of these ranges for 

metal concentrations show significant variability. Due to the variety of 

soil series at RMA, some variability in trace metal concentrations is to 

be expected, although variability is expected to be significantly less 

than reported for all soils from the western United States. 
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Table 4.1-1. Representative Concentrations of Inorganic Constituents 
in Uncontaminated Soils (units in ug/g or ppm) 

0 

0 

C 

Cd 

Cr 

Cu 

Pb 

Zn 

As 

Hg 

Various USA Soils1 
Western USA Soils 

and Surficial Materials^ 
Mean Range 

- 0.41-0.57 

26 3-300 

26 <10-70 

74 13-300 

7.0 <1.0-93 

0.17 0.02-1.50 

Geometric Mean Range 

1  Kabata-Pendias and ^^ia^J. 1984) . 

2-  Shacklette and Boernfeen\(l 
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D 

Li 

D 

Two metals of primary concern at RMA are mercury and arsenic. Wedepohl 

(1970) reports that 30 percent of all soils typically contain less than 

5 ppm As, 50 percent contain 5 to 10 ppm, and approximately 20 percent 

contain As concentrations in excess of 10 ppm. Average soils contain As 

at concentrations between 5 and 10 ppm. Wedepohl (1970) reports that 

average Hg concentrations in soils may range frpm 150 to 400 ppb with 

several documented studies reporting averages^n^'the 400 ppb range. 

Sandstones contain lower concentrations o£J£g$30  to 100 ppb).  Cadmium 

rocks average 0.8 ppm 

m. 

values reported by Wedepohl (1970) for sjäi^%nt ~" 

for shales and claystones with a range^af#0. 

Table 4.1-2 contains ranges of me^LÄoncentrations in both soils and 
■jf / . shales  in ug/g or rag/kg.    Upon jgSmjTarison of  these ranges   it  is  apparent 

that  concentrations  of these ©uffyaeL 

soils.    This   is  largely a result*^ mifiieralogic variability  in different 
%    ■*- 

sediment  types  and  the subsequent  le 

soil- formation. 

l#sre higher  in  shale  than  in 

ogic variability  in differ 

lTTfet.of metals   from rock during 

4.2    BULK SOIL 

Early in the Phaj^^prograt!^ a^bulk soil sample was  collected just off 

the northeastj£qyfi?fe oi RMA iri^arfe area exhibiting Ascalon-Vona sandy  loam 

and AscalonüJajBdy laämä«e»ü^assTociations.     This bulk sample was  dried 

and h'omogfei.^4 agio J^ärr**ax.Tijfd as  the  substrate  for  laboratory spikes 

and as  the bTaiok u^ed  in "laboratory QC procedures.    The resulting 

multi^Te defr9^niriSitio%« of arsenic,   cadmium,   lead,   and mercury are below 

thif g^lytic?k d%tecPiMi limits  of 4.7,  0.9,   17,   and 0.05  ppm, 

jg^ectively.    ICni general,   organic contaminants have been undetectable  in 
— f   | 

lil  samples,  with  the exception of occasional detectable  low 

LOBS Ji laboratory solvents.    These values  represent repeated 

analysis^f a/single,  homogenized sample.     They do not represent 

variability expected  in multiple samples  from various  RMA locations. 

1 

0 

Chemical analysis of this standard soil yielded detectable concentration 

of chromium, copper, and zinc. The results of these repeated analyses 

are tabulated in Table 4.2-1. 
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Table 4.1-2. Comparison of Median Background Trace Metal 
Concentrations in Soils and Shales from Selected 
Regions of the United States. 

Range of Median Concentrations (ppm) 
Soil Shale 

r 
La 

Cu 

Hg 

Pb 

Zn 

Source:  Connor, J.J.-, and STfack%eJ:^,^H,T.  1975. 

IX 

Q 
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P- 

Table 4.2-1. Bulk Soil Sample Composition 

Element 
Averge Concentration 

Bulk Soil (ppm) 

<0.9 
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4.3 SOIL QUALITY IN UNCONTAMINATED AREAS 

The contamination assessment for soils at KMA includes the sampling and 

analysis of near surface soils from portions of RMA that are considered 

uncontaminated. The primary objective of this activity is to ensure, 

with a reasonable degree of certainity, that these areas are in fact 

uncontaminated. However, these data can also be used in conjunction with 
/^ .       . . 

literature derived values to estimate backgrosthd^soil composition. 

g^MsJzSs Sampling and analysis  of soils  from 24 ojr tjtfafe. 27^sections  has  been 

completed and these data are available^fio^'' evalu^io^^ All soil, samples 

from these uncontaminated borings wej*e collected  in"%iieJfield as 0  to 

1  ft,  and 4 to 5  ft core  sections .# Jmese  two  sampling  intervals were 
f / ■ 

composited  in the. laboratory prior#to analysis.     Therefore,   the results 

yield an integrated cohcentra^ofl%foi^t^.upper 5   ft  of soil.     If extreme 

distributions  of metals  exist wil3ij.n gfje 0  to 5   ft horizon,   the values 

obtained from these  studies may not  a^jee^with values  obtained  for 

specific soil depths. 

Yw Jj The results  of  these  studies"^f uncontaminated areas  are presented  in 

Table 4.3-1  thrqugfe»*4.3-7.   \dnfeentration ranges  for each metal  are 

C! reported for e^cb?^^ctl,on as w%l%as mean and median values.    When 
• jf /       1   i \f    . . .   . calculatingjraeäh va^es^w^en^jiritfrations measured below detection  limits 

H ■   .      ;. were excltsfiedSii!, 

luSte  Kie variability of metal concentrations between soil 

ies,   a det^il%d assessment of  soil quality data from uncontaminated 
, f.\\ 
onions of Section 36 was performed.  Samples were grouped according to 
TSt  .11 
il-series as ^determined from the Adams County Soil Survey (Sampson and 
%t ""St   / / 

BarbeEL, ISÜA-Y.  /The range of concentrations encountered for each soil 

type areSjresfi'nted in Table-4.3-8.  In general, the finer textured soils 
*V . ... 

have higher metals concentrations.  Samples containing organic 

contaminants and isolated samples»exhibiting elevated concentrations of 

inorganic analytes were omitted from this evaluation, as indicated. 

Cadmium concentrations were below the analytical detection limit in all 

Section 36 uncontaminated area samples. The range of concentrations in 

each soil type appear similar for each target element, although the 

numbers of valid samples in each category are generally not sufficient 
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Table 4.3-1. COMPOUND 
ESE D. L. 
MRI D. L.. 
UBTL D. L. 
CAL D. L. 

: ARSENIC 
4.7 ug/a 
5.2 uq/g 
3.6 uq/q 
5.0 ug/a 

SECTION  tt SAMPLES 

1        52 

# > D .L.      RANGE      MEDIAN 

1       2.7 

MEAN    STD. DEVIATION 

£ 88 0 — — 

5 27 5     2.5-3.3       2.3 2.3 0.23 

6 43 7     2.5-3. 5       3. 0 2.3 0.33 

7  • £7 0 — —-" 

8 27 0 — — 

3 £4 ::0 — —' 

1.1 27 0 — — 

12 £8 0 — —— 

13 24 0 — —— 

£0 £5 0 — — 

12 0        {  ~ — —— 

£3 25 ß — —— 

£4 25 a   ' : — — — 

£5 49 • * "8      5.8-50       7.6 17 13 

26 36 6     5.2-3.3       5.6 6.5 1.7 

£7 25 1        12 — — 

£8 . 3 0 r — — 

is 24 10 .   5. 3-7. 6       6. 6 6.8 0.49 

313 38 2      5.8-21 — — 

31 33 7     3. 0-3. 3       3. 3 3.4 0.37 

32 27 6     3.2-4. 3       4. 1 3.2 0.66 

34 25 0 — — 

35 44 3      5.4-12       5.4 7.6 vi. Q 

38 

TOTAL 

58 

"7Ü" 
5SSSSSSSS 

24      4.7-13      _5. 3  

"IÖ      i.5-50       5. i 

•/. DETECTABLE=    10-/- 

6.6 

&7B 

2. 35 

"~77i 

■*■•. 

RECOMMENDED INDICATOR LIMITS 
ESE=10-15 
SHELL=4.7-10 
CDH=4.7 

1 • 4-7 
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Table 4.3-2.     COMPOUND:- CADMIUM 

ESE D.L. 8.9. ug/g 
MRI D.L. 0.5 uq/g 
UBTL D.L. 0.7 ug/g 
CAL D. L.    0. 7 ug/g 

SECTION   # SAMPLES    #■ > JD._L._ _™5E :Ü!E?I^ _Ü!E?^ STD: DEVIfiT^ON 
_        __ - 

2        68 " 1       0. 99 

D n 0 
S 43-0 

7 £7 0 

8 £7 0 

9 24 0 

11 £7 -0 "      """;"' 

1£ £6 0 

19 £4 0: 

£0 £5 0        —         " 

££ 1£ 1       £.7 

£3 £5 5     1.0-4.5       £-8      £.7          1.4 

£4 £5 1       0.77       —   — 

£5 49 £     1.0-1.1 

to «io 1        p. «J          ——       —            —— 

£7 £5 0 

£8 9 0 

£9 £4 0 ■ f —     — 

30 -38 0  •     — —       — — 

31 33 *        * *        * ' * 

32 £7 0 

34 - £5 0  — 

35 44 1       7.8 

35 58 0 --__ -- -- -- 

rfÖTÄL 7Ü II  "  Ö. is-778-     £.1      £.7         £.3 

ll 

■/. DETECTABLE=     £'/. 
1 

RECOMMENDED INDICATOR LEVELS 
ESE=£-5 

_ SHELL=0.9 
P CDH=0.5 

f  ICP METALS NOT ON THE DATABASE YET 

0 
n • "        4~8 
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Table 4.3-3.     COMPOUND:. CHROMIUM ! 

.0 

Li 

C 

[ 
c 

ESE D.L     7. 
MRI D.L.    7. 
UBTL D.L.   6. 
CAL D.L.    5. 

2 
4 
5 

uq/q 
ug/g 
<-ig/g 
ug/g 

SECTION W   SAMPLES    # > D.L. RANGE MEDIAN MEAN STD. DEVIATION 

1 tJi£              wu 6.4-24 3.7 11 3.6 

68          23 8.2-20 10 11 £.5 

5 27   .'      20 3.£-28 12 14 4.2 

6 43          32 6.3-22 13 13 4.7 

7 27          22 3. 7-24 14 15 3. 5 

8 27        / 23 8.1-16 10 11 £.1 

3 24         -'S3 8.3-18 12 12 £.7 

11 27          15 8.1-15 11 12 £.6 

1£ 26          21 8.1-17 12 1£ £.4 

13 24          17 I0-S3 14 14 3.8 

20 25          24 9.7-£3 17 16 3. 5 

£2 12          12 10-13 13 14 .2.2 

• 23 25          23 12-21 i& 16 £.8 

24 25        _25 ■ 9-2.1 17 17 3. £ 

25 43          46 .11-21 16 16 £.5 

26 36          32 9-23 ■ 12 14 4. 0 

27 25          18 8.6-15 11 11 1.8 

23 3           5 - 11-15 13 13 1.6 

23 24          24 ' 12-27 17 17 W 

30 36          31 10-30 15 15 4 

31 33           * *■ * * * 

32 27          16 3.6-55 21 ££ 3.8 

34 £5          10 3.0-16 12 1£ £.2 

35 44         30 7-17 11 11 £.7 

36_ 

TOTAL 

58          43 

~73Q                       580 
=== 

7-17 

"~674-55~ 

10 

13 

11 

14 

2.4 

4.4~ 

•/. DETECTABLE=    73* 

RECOMMENDED INDICATOR LEVELS 
ESE=30-50 
SHELL=15-25 
CDH=15-17 

* ICP METALS NOT ON THE DATABASE YET 
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Table4.3-4. 

ü 

COMPOUND: 
ESE D. L. 
MRI D. L. 
UBTL D.L. 
COL D.L. 

COPPER 
4.Q ug/g 
4.9 ug/a 
4.7 ug/g 
4.9 ug/g 

PI 

D 

b 

C 

6 

7 

8 

9 

11 

12 

19 

20 

22 

23 

24 

25 

2G 

27 

28 

29 

30 

31 

32 

34 

35 

36 

68 

27 

43 

27 

27 

24 

27 

26 

24 

25 

12 

25 

49 

36 

25 

• 9 

24 

36 

33 

27 

25 

44 

58 

'79*1" 

49 

36 

25 

8 

24 

31. 
■*- 

15 

25 

44 

_58_ 

"iiiä" 

11-22 

11-53 

6-21 

6.2-32 

9-24 

9.0-19 

7.3-46 
* 

9.9-40 

9-20 

5-25 

5-18 

5-46 

16 

12 

17 

15 

14 

14 

*■ 

15 

14 

8.9 

12 

3.7 

3. 0 

11 

.■=■ P 

\ SECTION   i'sAMPLES   ~#~r~D-_L-_ RANGE JÜEBI^N ---- ~E==EE~=I~= 
y==r====~i     si      il   7i7I-i7 8.2    9.2      2.5 

£        68          26      5.8-24 7.2      8.6 

6.5-19 8.7      9.7 

6.0-69 " 9.1      12 

6.3-17 11       11 

6.0-13 8. 1      8.8 

5-. 9-17 8.7  ;  9.6 

6.2-12 7.7      8.1 

6.1-9.0 7.7      7.5 

6.3-28 14       14 

6.5-20 15       15 

18-23 21       21 

12 

16 

# > DLL. 

"il" 
26 

17 

34 

17 

.16 

22" 

25 

11 

ÜÜ 

25 

12 

25 

8.2 

7.2 

8.7 

9. 1 

11 

8. 1 

8.7 

7.7 

7.7 

14 

15 

21 

11 

16 

16 

10 

15 

16 

14 

12 

* 

14 

13 

7.0 

8.J5 
----- 

1.6 

1. 1 

5.0 

3. 1 

2.9 

4.0 

'2.9 

5.9 

4.2 

5. 1 

4.7 

2.3 

7.3 

# 

7.2 

3.1 

4.4 

"i77~ 1 TOTAL 

•/. DETECTABLE= 78-/- 

Ü 

RECOMMENDED INDICATOR LEVELS 
ESE=20-5O 
SHELL=15-25 
CDH=15-20 

* ICP METALS NOT ON THE DATABASE YET 
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Table.4.3-5. COMPOUNDr MERCURY 
ESE D.L. 
MRI D. L. 
UBTL D.L. 
CAL D.L. 

0.05 ug/g 
0.Ö7 ug/g 
0.05 ug/g 
0.05 ug/g 

■■ SECTION   # SAMPLES    # > D.L.     RANGE      MEDIAN    MEAN STD. DEVIATION 

li 1 52 

2 £3 

5 27 

6 43 

7 27 

a 27 

9 24 

li 27 

12 26 

19 24 

20 25 

22 12 

23 25 

£4- 25 

25 49 

26 36 

27 25 

28 9 

29 24- 

30 36 

31 33 

32 27 

34 25 

35 44 

36 58 

798 

1 
0 
0 
0 
0 

0 
.0 

0 
0 
1 
0 

1 
0 
0, 
0- 
0 
2 
0 
0 
0 

£8 
27 

0.O6-0. 19 

0.06 

0,091 

0i 076-0.45 

0.11 

0.087-0. 16 

0. 85-£._£ 

"0705-1.2 

0L08_ 

"07il7 
0-22 

0. £0 

0^29 

"5711" TOTAL 

%  DETECTABLE= 3'/. 

RECOMMENDED INDICATOR LEVELS 
ESE=0.1-0.2 
SHELL=0.05-0.1 
CDH=0.5 
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Table 4.3-6. 

*"i 

COMPOUND: 
ESE D.L. 
MR I D.L. 
UBTL D.L. 
CAL D.L. 

LEAD 
17 ug/g 
JLS ug/g 
3.4 ug/g 
12.7 ug/g 

SECTION   # SAMPLES    # > D.L.     RANGE    .  MEDIAN.,  MEAN    STD. 

1 

£ 
5 

6 

7 

8 

9 

11 

12 

19 

20 

£2 

£3 

£4- 

£5 

£6 

£7 

£S 

£9 

30 

31 

3£ 

34 

35 

36 

TOTAL 

JC. 

68 

£7 

43 

27 

£7 

£4 
£7 

£S 

£4 

£5 

12 

£5 

£5 

49 

36 

£5 

9 

' 2.4 

36 

33 

£7 

£5 

44 

_58 

798~ 

£9 

23 

5 

6 

10 

7 

• ;. 9 

"l'0 

7 

1 

3 
"? <-/ 

5 

4- 

-.. 3 

10 

0 

0 

0 

0 

* 

7 

c 

10 

_31 

Tiö- 

11-44 

11-23 

12-16 

12-17 

11-16 

11-17 

10-16 

11-14 

13-120 

£9 

20-25 

.19-27 

22-27 

:21-24* 

■22-37 
'18-25 

15 

15 

12 

14 

13 

15 

12 

12 

18 

21 

21 

27 

20 

* 

13-20 

22-24 

17-41 

_17-30;  

10-120 

% DETECTABLE= 

* 

14 

20 

20 

17~ 

18 

15 

13 

14 

13 

14 

12 

12 

41 

E.5 

23 

29 

21 

21 

19 

DEVIATION 

177 
3.0 

1.7 

2. 1 

1.8. 
•-1  ^-» 

Cm   C 

1.8. 

0.97 

40 

2. 6 

3. 8 

2. 1 

1.4 

7.6 

2.7 

7.2 

3. 3 

"~10 

>4* 

P 
1 

RECOMMENDED INDICATOR LEVELS 
ESE=30-75 
SHELL=20-30 
CDH=20 

* ICP METALS NOT ON THE DATABASE YET 
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Table 4.3-7. COMPOUND: 
ESE  D.L. 
MRI   D.L. 
UBTL  D.L. 
CAL  D.L. 

:INC 
16 ug/g 
£8 ua/ä 
8. 7 i.ig7g 
9. 5 ug/'q 

SECTION   # SAMPLES    # > D.L.     RANGE      MEDIAN    MEAN    STD. DEVIATION —• _____—__——__——— 

G 

C 

Li 

E 
L 

& 

7 
a 
9 

li 

12 

19 

£0 

24 

£5 

£6 

£7 

£8 

£9 

30 

31 

3£ 

34 

f =____= 
Ii TOTAL 

6a 

£7 

43 

£7 

£7 

£4 

£7 

£6 

£4 

£5 

12 

25 

£5 

49 

36 

£5 

9 

' £4 

36 

33 

£7 

£5 

44 

___ 
793 

52 

67 

££ 

39 

£4 

26 

£4- 

£7 

£5 

17 

£3 

12 

£4 

££ 

~49 

£6 

16 

5 

£4 

31 

* 

16 

10 

43 

___ 
"iai" 

12-85 

14-70 

16-63 

15-76 

11-66 

17-51 

_5-od 

17-45 

21-48 

36-71 

35-72 

33-58 

35-66 

37-92 

34-100 

23-55 

33-65 

41-53 

40-73 

33-81 
#■ 

31-180 

33-57 

22-52 

£8-£30 

Ti-ali" 

30 

39 

36 

40 

34 

33' 

27 

32 

46 

55 

44 

56 

48 

53 

41 

33 

44 

55 

51 

* 

70 

43 

30 

40 

4l" 

_D 

39 

39 

40 

34 

39 

£9 

33 

43 

53 

44 

54 

43 

41 

45 

56 

53 

* 

75 

44 

40 

4£ 

16 

11 

1£ 

16 

13- 

3. 1 

10 

7.5 

7. 1 

9.7 

9. 1 

6.2 

9.0 

12 

11 

9.5 

3.3 

4.7 

7.6 

11 

* 

31 

7.5 

3. 1 

32 

0 

b 
Ö 

Q 

•/- DETECTABLE- 

RECOMMENDED INDICATOR LEVELS 
ESE- 80-100 
SHELL- 60-30 
CDH= 50 

85-/. 

ICP METALS NOT ON THE DATA BASE YET 
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Table 4.3-8.  Evaluation of Metals Concentration by Soil Series in Section 36 
Uncontaminated Borings (Units in ug/g or ppm) 

Parameter 
Soil 

Description 
Concentration 

Minimum  Maximum 
Number of Determinations 
Above Detection Limit Garments 

ti 

G 

L 

G 

D 

a 

Cr 

Cu 

275 § 3041 

10 @ 3041 

0.18 @ 3001 

1.15 @ 3012 

PlB - Platner loam 
AvC - Ascalon-Vona sandy loam 
AsB - Ascalon sandy loam 
TuD - Truckton sandy loam ' 
Gr - Gravelly land-Shale outcrop 

Samples exhibiting organic contaminants (3042, 3049, and 3053) have been omitted. 
Isolated samples exhibiting elevated concentrations have been noted. 

Source: ESE, 1985. 

n 
/. _i /. 
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for rigorous statistical evaluation.  Section 36 maximum uncontaminated 

area soil concentrations also appear similar to the mean United States 

soils concentrations reported in the literature for the six inorganic 

targe't compounds reviewed. 

This evaluation of environmental background conditions for metals is 

valid only for soils, not for weathered or consolidated bedrock 
// 

materials.     Shales,   such as  those  commonlyjengSuntered at  the alluvium 

bedrock contact  in Section 36,   are oftenjetnpiclrad  in trace elements. 

Naturally occurring trace elements  are^r^ereif^ari|zadsorbed to  clay 

minerals during the  formation of shales,   leading  td^ü^erative  trace   . 

element enrichment  in  these  sedimeÄts^    This  effect  is  illustrated  in 

Table 4.1-2,  where median concentrations  of  four metals  in both soils  and 

IP shales  from groups  of •samplesj&oljec^e'djthoughtout  the United States  are 

jjj tabulated.     Ranges  of median cotPiSientrirtions  are  consistently higher  in 

shales  as  compared  to  soils. 

This hypothesis  is ver^yelMs^^pTF^pöaijity data from boreholes   that 

I encounter  the Denver Formkt-fbnjf ^refample,  Source 36-12,  originally 

thought to be a landfill  lo\atipn,  was  found to be uncontaminated after 

evaluation of^ha^e^I^data.    Bor\holes   in  this  source area encountered 

the Denver BBrntatioTy a^shallow^epth and due  to  the  consolidated nature- 

of  this bssffriSck,   qfmW—naf  pejfetrate deeper than 18  ft.     Ranges  of some 

metals  concerfetyrati^ns measured  in these  less weathered  samples were 

ihan concentrations measured  in  the  shallow 

uncontaminated areas.     Concentrations  of copper, 

iaS,   and zinclw<ljre consistent between boreholes with depth and range 

\\ >feom^8  to 47 gpraf,   17  to 60 ppm,   and 30  to  101  ppm,   respectively. 

Ther^efor^.   elevated concentrations  encountered  in RMA studies  are 

|" probabfy^not £ result of disposal activities,  but may fall within  the 

" range of natural variability for different  geologic media.     Similar 

rn trends  of  increased and consistent^ metals  concentrations with depth have 

|j been observed  in several other portions  of RMA.     Elevated metals 

concentrations  in areas  of bedrock highs will be evaluated with respect 

to  the  lithology encountered during drilling. 

4-15 
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L 

D 
G 
0 

Li 

D 

0 
D 

il 

4.4 SELECTION OF INDICATOR LEVELS 

The term indicator level as used in this report refers to a concentration 

range for each potential contaminant above which that contaminant 

approaches levels beyond natural variability. These indicator ranges are 

not to be considered action levels for remediation, as they are not based 

on toxicity. The decision to include a specific contaminant in a Phase 
AL 

II program was not made solely on the exceedajfberof indicator levels but 

also upon consideration of site conditions^s^Ee  history, hydrology, as 

well as variability and frequency of det^tj^le^oncentrations. Values, 

below the established range were not rÄOÄmende^J:o?!s=£hase II 

examination. Values within the rangA^were assessea^an j^case by case 

basis. Values above-the ranges" sh^j^were generally .referred to Phase II 

unless some explanation such as^sje^Logic strata was found. 

For organic compounds, these indictoCleveIs are the detection limit for 

a given method. The detection limic^ias^^lected for organic compounds 

because they are not n§ftur ccurring^^a^mpounds and therefore any 

resuTfc-either of disposal practices, detectable concentrations aar_ _._  
\ \ / f**-*/ 

agricultural practices (e."e.\#esjE control), or dispersion from source 
^ V \f ■ 

areas (e-.g., windjiigwn).. Jklist of the analytical parameters and 

iated det£cj?i9\ Ämits for EÄie Phase I studies is presented in assoc 

Table 3.1-1 

For inorganicSele 
\ 

ts such as the metals the selection of an indicator 

Indicator range were selected for the metals 

ncentration ranges obtained from the literature 

1), analysis of the bulk soil (Section 4.2), and the 

from uncontaminated areas of RMA (Section 4.3). 

cator levels are tabulated below: 

lement Indicator Level ug/g or ppm 

4.7-10 

1-2 

25-40 

20-35 

0.05-0.1 

25-40 

60-80 

n 
Li 4-16 
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D 

Detectable levels of arsenic were encountered in 80 of the 798 

uncontaminated area samples from the sections tabulated. Of these 80, a 

disproportionately large number (24) were in Section 36. Over.90 percent 

of the detected As values were under 10 ppm. Literature indicated As 

concentrations in western soils average 5.5 ppm. Arsenic was generally 

below detection in the bulk soil. An indicator, range of 4.7 to 10 ppm 

was established for use in considering Phase _JFI ^Investigations. 

Cadmium was detected in only 12 of the 748 j&corf^aminated area samples . 

The literature did not provide informamoif on cOT^^etfferations in western 

United States soils.  Cadmium was gejfcerally below di^ec^Lon in the bulk 
• *'■ :•■      ■ ■ £/■ ■■■  .  r* 

soil- An indicator range of 1 'to^L-jppa.  was established for use in 

considering Phase II investigate 

Ü 

D 

C 

Detectable levels of chromium weBa^endguntered in 580 of the 798 

uncontaminated area samples. Levels'^fete^ed ranged from 7 to 55 ppm 

with the distribution ^ewelJ^wJ^ghtly to^^e lower end of the range. 

Literature values indic^e^L"V.*wpcentr*^Lons in western United States 

An soils.average 41  ppm.     Chtsgm^jft i^eraged 14 ppm in  the bulk soil. 

indicator range 0^2,5  to 40 ^pnCwas  established  for use  in considering 

Phase II inve&figS£ißn\. \, # 

MeasureabSe  cTaoceiaftr.aTi Win  iiil„i^copper were  encountered  in 620 of  the 798 

uncontaininatediK^are^samples.     Concentrations  ranged  from 5   to 53  ppm with 

the djgsrt'rib'uE'ign 3^ew>d.toward' the  lower end of the range.    Approximately 

60/percent or%tfag detectable values were under  10 ppm.     Literature values 
* f \ \ 
id&cate Cu concentrations  in western United States  soils  average 21 ppm. 

averaged lib ppm in the bulk soil.    An indicator range of 20 to 

35  pp^w^i^ejta^.ished  for use  in considering Phase  II investigations. 

n 

Q 
n u 
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c 
c 
G 

Mercury was detected in 27 of the 798 uncontaminated area samples.  Of 

these, a disproportionately large number (18) were in Section 36. Over 

60 p.ercent of the detected Hg values were under 0.1 ppm. Literature 

values indicate Hg concentrations in western-United States soils average 

0.46 ppm. Mercury was•generally below detection in the bulk soil. An 

indicator range of 0.05 to 0.1 ppm was established for use in considering 

Phase II investigations. 

Detectable levels of lead were encounter^ 

uncontaminated area samples. Concentr 

with the distribution skewed such t\ 

798 

11 to 120 ppm 

cted Pb values 

was 20 ppm. Literature' values indacjfte Pb concentrations in western 

United States soil's average 5.5^n^.  Lead was generally below detection 

in the bulk soil. An/indicator f^ng^o#25 to 40 ppm was established for 
^ TV M 

use in- considering Phase II investigations. 

798 uncontaminated area samples, 

from**^ to 280 ppm with the 

median detected zinc value was 41 ppm. 

Zinc was detected in 68^2 o 

Concentrations encountered^ 

.■ \ x y distribution skewed  such  Shaath 
.—..   \ 

Literature valuea^ftdicate an concentrations in western United States 
y^> .    v\ soils average J>5jep*p%. fZinc a-^eräged 40 ppm in the bulk soil. An 

•     • ff  /      11 \f indicator r&igp of 6JS  Sö^D^ppm^was  established  for use  in considering 

Phase- II 

Many^ar thes^^arfetes ""S^ll well within  the ranges  of natural variability 

fojfnd/^by theH.iÖeratü'feff review.     These  levels must be considered as 

esommended cotiiesitrations  above which  further  investigation may be 
f   I 

(fcmed but lfoßf necessarily levels  at which a Remedial Action program 

.dät^exyy   Comparison of these values with action  levels  selected by 

the U.sT^SPA jfrid various  states  at NPL sites  and with recommended 

äs 
IS 

concentrations for land treatment of hazardous waste indicates these 

levels are very conservative.    % 

n J 4-18 
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5.0 CHEMICAL IDENTIFICATION 

']"j 5.1 -IDENTIFICATION METHODS 

*'"" In the desire to develop a complete and comprehensive analytical program 

y* "       ' •' to support the RI at RMA, the Army has developed a procedure to consider 

Li all the chemicals known to be associated with RMA for inclusion in 

Phase II studies. This approach involves thrj^e Methods by which an 

V. analyte can he included in the second phasefbjf the Remedial 

Investigation. 

The first is the review of all available literature"5^ Jüst activities 
• • /y .     ■-  ?** . 

T* conducted by  the Army and all  t'enajftjp during the entire history of RMA. 

I 

%A 

D 

Because  it  is  impossible  to analgfzjf for all  chemicals  associated with 

RMA,   the Army  screened' the  lifE  J&d dfivaäoped methods   to quantify 48 

separate  analytes.     These chemicals wsfre chosen because of  their known 

contribution to environmental  contamsa^ti^.,   their abundant use  at RMA, 

M and because of their s^nir!f?&ajgtge  in tenffi^/of public concern.    Many of 

these chemicals  are repr*sen?S*M4re or^irfeasses of compounds used or 

k„ manufactured at RMA.    This\life|f ojT chemicals  served, as  the  core group to 

be examined becauja^gf  the■ Mke£ihood of  inclusion  in the second phase of 

detailed  invesifig#C*fcori% \. \ 

^fedenc 

If jF   . ■'«■uuF, 
However,  tecÄise all ^TS**p«*ai^ility of missing a significant  chemical or 

■    ^»n^ "N^ £     ■■■ • 
degredation pT£©duc#,   the Army established a second  screening method that 

•   _ "N^ S^ . 
requijedo!" the^datd^enferated by'GC/MS  analyses be examined  to  identify the 

noj^tatget cd&pdtmds "present.    Any compound with a response greater  than 
f / * % . 0 percent of tSief internal standard response was possibly subject to the 

^nTNjJication^riocess.  Because this requirement was very conservative 

and c^ulcfeifepoösnjfially result in a large number of attempted 

p ■ identif ifeatigjfs, a second restriction was initially used.  Only the five 

non-target compounds exhibiting the highest response were examined in 

detail to attempt an identificatiqn.  It was believed that with the 

number of samples being analyzed, the significant unknowns would occur at 

high .'enough concentrations and frequency to be included at one site or 

another. 

5-1 
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This procedure was reviewed by other concerned parties and a ■ 

recommendation was made to look at the top ten spectrum rather than the 

five.*proposed. The Army considered this a reasonable but arbitiary 

request and therefore went a step further and stated that they would 

eventually look at all non-target compounds to make sure that nothing was 

missed. 

/ / The  third way. in which a chemical may be  in#lu€ed  in Phase  II  is  by 

recommendation from any  involved party tyt^s   rsgestigation.     The Army 

will review all recommendations  receivejT^id eife^gr""Hgclude  the .analyte 

in Phase  II or provide a justificatijuj.  for not  inclif^in^'the  compound. 

// 
5 .2 NON-TARGET COMPOUND IDENTIEjfCjiTION 

The overall procedures' used fqp Sdjent^Cf3eation of non-target compounds 

involves the review of all peaks^-^aeet^g the response criteria. 

Available GC/MS libraries are searched^tö^develop the best three computer 

aided identifications.■£Onc^^tlj^s is competed a GC/MS expert reviews all 

data to determine which ,\iroSl5S%-ofOTe^ three matches best .fit the 

data.  In some cases, none\o\^hycomputer matches adequately represent 

the data and the aggrator at^em^ts an identification based on his or her 

analytical che^s^P^ experience %d training. 

jr - 

Wherever possible jEfhefSTJ!»aicg^opist will make the "Best Fit" 

identification* iw^ftle examining the mass spectra, the analyst will also 

make jMWl'e "UlSany mnus'&al patterns that might indicate the presence of 

oii^ sCher pö%roi.eum -sgSducts., or chemicals common to similar hazardous 
// \\ rasJEe areas.      |  I 

\. h 
The ses^nofS^t arge t/ compounds were labeled using the relative retention 

times as^^efejfenced to the internal standard. Non-target compounds found 

in the volatile analyses were labeled by multiplying the relative 

retention time by 100.  For example, a volatile with a relative retention 

time of 1.33 would be labeled as "UNK133".  Semi-volatile compounds were 

labeled using the same convention except 500 was added to the label 

(i.e., a semi-volatile retention time of 1.05 would result in a label of 

"UNK605"). 

u 
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The results of these identification procedures are summarized in the 

table within each source report labeled "Tentative Identification of Non- 

Target Compounds in Source XX-YY". This information was developed for 

each borehole. Other information contained in these tables is provided 

to allow fast access to data for any future review. 

n 
Li 

C 

c 

In order to assess whether a non-target compo.öhd#is significant enough 

for inclusion in the Phase II program, generalscreening criteria were 

established. Non-target compounds found Aft afet known to be highly 

toxic will be added to the Phase II prgftrjSn. (TBfaer§*y:hat are naturally 

occurring and appear at a reasonablyjiubiquitous conBsaitgation will not be 
■"'.'■. ■ £ y ■■•    ?*& 

included. Also chemicals that "are/identified as laboratory impurities 

will be excluded when found at Lar concentrations at similar 
/V. concentrations in the. blank. ^OTSjjpun^s^rith a questionable 

identification will also be excised"* ,#A11 other identified compounds 

will be dealt with on a case by case^bas"^^ to decide their significance. 

It should be noted that'^u%Ü^*««thes^P»ferof the GC/MS analyses, a batch 

of methylene chloride tha&tw&sAisgä.  as an extraction solvent for semi- 
\   V f 

volatile  compounds^ras  foun(\taif contain  trichloroethylene  (TCE)  as  an 

impurity.    Thi# v»Steye\ified  m. Mie solvent blanks   in all  four 

laboratories^-'pgprformÄnga^he analyses  as well as  other major  laboratories 

Mi 11 ii i \\\ ii in l 'l mi  i i ii i fi I i y~ .Di) '„tj_n r. i'  of  this,  many of  the early GC/MS  runs 

contained h örjfCE that were identified as a "laboratory solvent 

is"^jse-5,sment was further verified by the fact that no TCE 

omtiU 
\\ . . a significant decrease in the number of laboratory solvent 

/MS analyses. A new batch of solvent was 

nt 

cipated» 

5.3 PHAlSE. JL#EFFORTS 

With the implementation of these three screening techniques, the Phase II 

investigation program will include the chemicals that will drive any 

required engineering work.  In this way, the best possible use of 

available time and resources will be made to define the extent of the 

problems at RMA and satisfy all parties that a thorough attempt at 

defining the sources of contaminants was made. 

0 5-3 
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6.0 SOIL/GROUND WATER INTERACTIONS 
I 
I 

6.1 .HISTORICAL GROUND WATER DATA 

Numerous comments on early drafts of the source reports revolved around 

the question of interaction between unsaturated zone contamination and 

ground water contamination, and the role of Phase I soils investigations 

in addressing this issue.  The source reportsjfnplude what were judged to 

be' pertinent items from the large ground waper^data base. We have 

presented this information for the sake of Gompiseteness, recognizing that 

in at least some cases a relationship eäti^Es b«N*[ee-Rfe.the saturated and 
%f  . TS* >L      .    ■     ■ 

unsaturated zones. No attempt was made to positivere establish the 

existence or lack of such relationships. Available data were not 

sufficient for this purpose.   A 

As new ground water data becomes%avaiMble from other tasks in this 

program, this discussion will be upcN^edH^An attempt will be made to use 

the historical data as ^a^Nt^ting pointNgi?' this analysis where it can be 

verified by more curren\ s^&d*^. \v, 
6.2 PHASE II EFFORTS'    \ .. / 
 ^^"N,   \ \ 

In certain ar&dfs jdi|r^ the ground water table intersects, the surface in a 
Jr     g .if % f . known highl^cemtamifia^darea an: data indicate  such direct  contact 

exists,  PbÄs^II Siam|Ä*ftgWlmayÄontinue below the water table.     This will 

be done  in ar^as^stfeh as Basin A (Source 36-1)  where high ground water 

limits^ilTe«M^y;aT^bonSaf the vertical extent of contamination which  is 

ve^V jBviden&^a.n%surfBeÄi soils.    These situations will be evaluated 
r/ \ \   ■     . 
idjLvidually arid appropriate responses  developed. 

1   1 
^   ^      ! 1 ■ Wherfe. nff6£ssa£y/ soils investigation tasks include the provision for 

installier weÄs to supplement the area wide ground water monitoring 

network. Data from the first quarter of ground water sampling completed 

under this program are currently under evaluation. The distribution of 

sampling points and the requirements for additional wells will be re- 

evaluated when this process is completed. 
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