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EXECUTIVE SUMMARY , a  
Thrs document presents the results of the Colorado Department of Public Health and 
Envrronment (CDPHE) Rrsk-Based Conservative Screen for Operable Umt No 11 (OU ll), 
West Spray Field (WSF), at the U S Department of Energy (DOE) RocQ Flats Envlronmental 
Technology Site WETS) m Golden, Colorado The WSF mcludes one mdividual hazardous 
substance site (IHSS), IHSS 168, where periodic spray applicatron of excess liquids pumped 
from Solar Evaporaoon Ponds took place between Apnl 1982 and October 1985 

, 

The CDPHE Rrsk-Based Conservative Screen was developed to support the CDPHE evaluaQon 
of contammt source area@), whxh may be classified as low-hazard areas that warrant no 
further acbon, areas that requm further evaluauon m a baselme Human Health h s k  Assessment 
(HHRA), or hgh-hazard areas that warrant potentml early achon The source area(@ m the 
CDPHE screen are used to identify area@) of concern (Am) for evaluation 111 the HHRA 
portlon of the Combmed Phases Resource Conservatron and Recovery Act (RCRA) Facllity 
Inveshgation (RFI)/Remedial Investigation (RI) for OU 11 In the RFI/RI report, a baselme 
HHRA is conducted for each AOC 

The CDPHE hsk-Based Conservahve Screen rncludes the followmg SIX steps e 
e Step 1-Identify potential contammants of concern (PCOCs) 

e Step 2-Identify source area(s) 

e Step 3-Identify nsk-based concentratrons (RBCs) 

e Step 4-Calculate RBC ratio sums for each source area 

0 Step 5-Compare RBC ratio sums to CDPHE Conservative Screen decision 
criteria 

e Step 6-Identify AOC(s) for HHRA 

In Step 1 of the CDPHE screen for OU 11, PCOCs were identified using soil data from the 
surface to a depth of 12 feet and upper hydrostratigrapluc umt (UHSU) ground water data 
Candidate PCOCs are defined as metals, inorgamc compounds, and radionuclides sigmficantly 

0 
~~ 
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above background levels as d e t e d  by statishcal tests described m Gilbert (1993) and orgamc 
target analytes detected above analyhcal detecuon lunits The final idenhficahon of PCOCs is 
subject to professional review of the test results and graphc presentations of the data 

a 
The PCOCs identified m sod (0 to 12 feet) were americium-241, plutomum-239/240, tnhum, 

and mtratehtnte No PCOCs were idenhfied m UHSU ground water 

In Step 2, morgamc PCOC concentrahons or achvihes above the background arithmehc mean 
plus two standard deviations were plotted on maps and a source area was idenhfied based on the 
distnbuhon of the PCOCs (Figures 3-1,3-2,3-3, and 3 4 )  (No orgamc analytes were idemfiexi 
as PCOCs ) A source area IS defmed as any area contamng concentrahons or activmes of 
morgmc PCOCs above the background mthmehc mean plus two standard deviahons and/or 
orgmc PCOC concentrauons above reportmg lmts  One source area was ident&ied 111 OU 11. 
The OU 11 source area is outluKd on Figure 3-5 based on PCOC distnbuhons 

In Step 3, carcmogemc and noncarcmogemc FU3Cs were identified for each PCOC Chemcal- 
specific RBCs, referred to as Programmahc Prelmmary Remediahon Goals (PPRGs), are 

presented m the F m l  Rocky Flats Programmatic fisk-Based Prellrmnary Remdahon Goals 
Revision 2 (DOE 1995) The RBCs [PPRGs] idenhfied for the OU 11 CDPHE screen are based 
on residential exposure to soil 

In Step 4, maxmum detected concentrahons or actlvities of PCOCs were compared to RBCs 
The followmg ratio was calculated for each PCOC m the OU 11 source area 

IIuLximum detected concentraftonlacftvity 
mk-based concentrafton [PPRGJ 

RBCRafto = 

PCOC-specific ratios were then summed to yield carcinogemc and noncarcmogemc total raho 
sums A summary of the total ratio sums for the OU 11 source area is shown m Table ES-1 
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Table ES-1 
Summary of Total Ratio Sums for OU 11 

I 

ou 11 sol1 (0 to 12 feet) 0 82 0 oooO84 

TOTAL RATIO SUM' 0 82 0.000084 
I 

~~ ~ 

'Assurmng long-term residential exposure to maximum detected concenaatlons/actlvitles 

In Step 5, the followmg CDPHE Conservative Screen decision cntena were used to classify the 
OU 11 source area 

0 If the ratio sum2 100, mdicatmg a potenhal health hazard assmmg long-term 
exposure to maxmum detected concentrahondactivities, a voluntary correctwe 
action (early action) or a baselme HHRA will be conducted 

L J  

0 If 1 <ratio sum < 100, a baselme "RA must be conducted 

If the ratio sums 1, mdicatmg a low-hazard source area, no further achon may 
be recommended, pendmg evaluahon of mcremental nsk from dermal exposure 

e 

The OU 11 source area had a carcmogemc total ratio sum less than 1 (0 82) and a 
noncarcmogemc total rat10 sum less than 1 (0 oooO84) Therefore, the OU 11 source area IS a 
candidate for no action based on the CDPHE Conservatwe Screen decision cntem An 
evaluation of dermal contact with PCOCs m surface soil 111 the OU 11 source area is presented 
in Appendix E Results of th~s evaluation conf'im that dermal exposure is not a significant 
exposure pathway for OU 11 and that OU 11 is a candidate for no achon m accordance with the 
CDPHE/EPA/DOE l b k  Assessment Agreement (CDPHE/EPA/DOE 1994) (Figure 1-2) 

In Step 6, AOCs are identified as one or several source areas located close together that exceed 
the CDPHE Conservative Screen decision cnterla AOCs are identified to support the HHRA 
in the RFI/RI Report Results of the comparison of OU 11 total ratlo sums to CDPHE 
Conservative Screen decision cnteria indicate no action at OU 11, therefore, no AOCs are 
identified at OU 11 and a baseline risk assessment is not warranted 1 



1.0 
INTRODUCTION 

Thls document presents the results of the Colorado Department of Public Health and 
Envuonment (CDPHE) hsk-Based Conservative Screen for Operable Umt No 11  (OU ll), 
West Spray Field (WSF), at the U S Department of Energy (DOE) RocQ Flats Envlronmental 
Technology Site (WETS) m Golden, Colorado 

The WSF mcludes one mdividual hazardous substance site (IHSS) IHSS 168 The WSF (IHSS 
168) is located on the west side of WETS and covers an area of approxmately 105 1 acres 
(Figure 1-1) Between April 1982 and October 1985, three areas of the WSF were used for 
penodic spray applicabon of excess liquids pumped from Solar Evaporabon Ponds 207-B Center 
and 207-B North Pond 207-B Center was a repository for effluent from the Sewage Treatment 
Plant (STP), whch processes sa~tary waste from the Industrial Area Pond 207-B North was 
a repository for water from the STP and the mterceptor trench system The mterceptor trench 
system was mtalled to collect ground water and seepage from the Mlside north of the Solar 
Evaporation Ponds and water from Buildmg 771 and 774 footmg dram The approxmate 
combined spray area was 41 3 acres (DOE 1994a) 

Aenal photos mdicate that a fourth area on the eastern edge of the WSF received occasional 
spray applications between Apnl 1982 and October 1982 Construmon of the 130 Senes 
buildmgs began m October 1982 and ended all spraymg m this area As suggested by the spray 
volumes pnor to October 1982, tlvs fourth area received relatwely m o r  spray applicahons (OU 
1 1  Combmed Phases RFI/RI, draft m progress) 

The CDPHE hsk-Based Conservative Screen was developed to support the CDPHE evaluation 
of source area@) whch may be classified as 

e low hazard areas that warrant no further action 

e areas that require further evaluation m a baselme Human Health h s k  Assessment 
("MI 

e high hazard areas that warrant potential early action 
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The source area@) m the CDPHE screen are used to identlfy area(@ of concern (AOC), whch 
are defined as one or several so- areas located close together that exceed the CDPHE 
Conservative Screen decision cntena Each AOC is evaluated m the baselme HHRA pornon 

(RFI)/Remedial Investigation @I) for OU 11 In the RFI/RI report, a baselme HHRA wdl be 
conducted for each AOC 

@ 
I 
I of the Combmed Phases Resource Conservation and Recovery Act (RCRA) Facdity Investlgatlon 

Guidance for data aggregation for nsk assessment and for the CDPHE screen is provided m a 
memorandum from DOE (1994b) and m documents prepared jomtly by CDPHE, US. 
Envlronmental Protection Agency (EPA), and DOE (CDPWEPNDOE 1994) The CDPHE 
screen compares maxmum detected concentrations or actlvitles of potentlal contamrnants of 
concern (PCOCs) m each source area to health risk-based concentratlons (RBCs) for 
contammints m applicable media The resultmg PCOC-specific rabos are then summed. If the 
sum of the ratlos is less than or equal to 1, the source area is a candidate for no further acbon 
If the ratio sum exceeds 1, the source area is subject to further evaluatlon, either m a baselme 
HHRA or as a candidate for early achon Therefore, the CDPHE Rtsk-Based Conservative 
Screen can be used to identify no-further-acbon source areas, potentlal early actlon source areas, 
and source areas that can be combmed mto AOCs for evaluatlon m the baselme HHRA 

The CDPHE Rtsk-Based Conservatlve Screen does not replace contammnt of concern (COC) 
selection, exposure pathway analysis, exposure assessment, toxicity assessment, nsk 
charactermition, and uncertamty analysis that are requlred m an HHRA and are used to support 
risk management decisions The relatlonshp of the "RA to the CDPHE screen is dlustrated 
m Figure 1-2 The COC Teclmcal Memorandum for OU 11 wdl not be wntten due to the 
results of the OU 11 CDPHE Conservative Screen, whch show that a Baselme Rrsk Assessment 
is not warranted 

The process used to conduct the CDPHE Rtsk-Based Conservative Screen is illustrated m Figure 
1-3 Steps m the screen are listed below 

Step 1-Identify PCOCs PCOCs are identified as orgamc target analytes detected 
above reporting llmits and metals, inorgmc compounds, and radionuclides sigmficantly 
above background levels based on statistical evaluation (Gilbert 1993) The PCOC 
determination is made on the basis of statistical comparison of OU 11 soil and ground 
water sample data to background data and on professional judgment and geochemical 
analyses 

I 
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STEP 1 Identify PCOCs 
Compare OU 11 data to background 

(Gilbert Methodology) 

STEP 2 Identify Source Area@) 
source area = any area containing organic 

PCOCs above reporting limits and/or 
inorganlc PCOCs above the background 

mean plus two standard deviations 

STEP 3 Identify RBCs 
Use PPRGs calculated for RFETS based on direct 

residential exposure parameters, ingestion, 

lifetime cancer risk or hazard index of 1 
inhalation, and external exposu -s, and 1 E46 excess 

STEP 4 Calculate RBC Ratio Sums for each Source Area 

RBC Rabo Sum = ( ( Maximum Detected Concenbatiqn or Activtty ij 
J=1 i=1 RecrJ 

I-pcoc 
J = medium 

STEP 5 Compare RBC Ratio Sums to CDPHE 
Conservative Screen Decision Criteria 

RatloSum s 1 1 Ratio Su < 100 RatloSum 2 100 

Assess 
Dermal 

Early Action Assessment 

STEP 6 Identify AOCs for HHRA 
AOC = one or more Source Areas located 

close together 

U S DEPARTMENT OF ENERGY 
3ocky Fiats Enwnmmental Technology S t r  

Golden Colorado 

OperaMeUnltNo 1 1  
Drat Letter Report 

CDPHE Conservative 
Screen Process 
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Step 2-Identify Source Area(s) A source area is defmed as any area contamng 
orgmc PCOCs above reportmg llrmts and/or morgmc PCOCs at concentrabons or 
activities above the background mthmetic mean plus two standard deviations 

Step 3-Identify RBCs Carcinogemc and noncarcmogemc RBCs are idenbfied for each 
PCOC RBCs are health-protective contamrnant concentrabons m a medium, calculated 
usmg conservabve assumptions regardmg exposure, toxicity, and acceptable nsk RBCs 
have been calculated specifically for WETS and are presented m DOE (1995) These 
values, referred to as Programmatic Prelmnary Remediation Goals (PPRGs), are used 
m the OU 11 CDPHE fisk-Based Conservabve Screen 

Step 4-Calculate RBC Ratio Sums for Each Source Area The rat10 of the maxmum 
detected concentrabon or activity to the correspondmg RBC [PPRG] is calculated for 
each PCOC that occurs m the source area at concentrations or acbvities above 
background mthmebc mean plus two standard deviabons (morgmcs) or above detecbon 
lunits (orgamcs) Maxunum detected concentrabons or activibes m sod are idenbfied 
from samples collected to a depth of 12 feet, wluch is the depth recommended for use 
by CDPHE (CDPHE/EPA/DOE 1994) Maxmum detected concentrations or acbvities 
in ground water are identified from unfiltered samples collected from the upper 
hydrostrabgraphc u t  (UHSU) The contarmnant-specific ratIos are then summed for 
each medium, resultmg m a carcmogemc and noncarcmogemc subtotal ratio sum for each 
medium Subtotal ratio sums are then added to yield a carcmogemc and noncarcmogemc 
total ratio sum for residential exposure 

Step 5-Compare RBC Ratio Sums to CDPHE Conservative Screen Decision 
Criteria The ratio sums calculated m Step 4 are used to designate each source area as 
a candidate for no further action, for further evaluation m the baselme HHRA, or for 
possible early action For source areas with ratio sums less than or equal to 1, DOE 
may pursue a no-further-action alternative Source areas with ratio sums between 1 and 
100 will be evaluated in the baseline HHRA For source areas with ratio sums greater 
than or equal to 100, DOE may pursue a voluntary early action alternative or evaluate 
the source area further 111 the baselme HHRA 

Step 6-Identify AOCs for HHRA As stated earlier, an AOC is a source area or 
group of source areas located close together that exceed the CDPHE Conservative Screen 
decision criteria A baseline HHRA will be conducted for each AOC EPA then reviews 
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and approves AOC delmeahon. The baseline HHRA will assess exposure to COCs that 
are idenhfied followrng EPA- and CDPHE-approved procedures 

The followmg sections descnbe the applicahon and results of each step of the OU 11 CDPHE 
bk-Based Conservative Screen 
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2.0 
IDENTIFICATION OF POTENTIAL CONTAMINANTS OF CONCERN 

Step 1 of the CDPHE hsk-Based Conservatwe Screen identifies PCOCs for OU 11 PCOCs 
are defined as (1) metals, morgamc compounds, and radionuclides present at signrficantly lllgher 
concentrations or actwities on the site than m media from background locabons and (2) orgmc 
compounds present at detectable concentrations Compmsons with the background media were 
performed usmg the stabsQcal methods descnbed m Stabstical Compmsons of Site-to- 
Background Data m Support of RFI/RI Inveshgabons (EG&G 1994a) and sumfnaflzed bnefly 
below (SecQon 2 3) 

The followmg secbon descnbes the data analysrs and background compamon methods used to 
identify PCOCs for OU 11 and the resultant list of PCOCs 

2.1 Data Used for Comparisons to Background 

Analytical data from envnonmental samples collected dumg the OU 11 Comblned Phases 
RFI/RI and from samples collected durrng sitewide moxutomg programs were used to 
characterlze contammation at OU 11 Three media were sampled dumg the OU 11 Combmed 
Phases mvestigation surficial sods, subsurface geologic mater&, and ground water. Samplmg 
locations are shown on Figure 2-1 The number of samples, samplmg locations, and other 
features of the samplmg and analytical program are discussed m the Techcal Memorandum 
Revised Field Samplmg Plan and Data Quality objectives OU 11 (DOE 1994b) The followmg 
is a bnef summary of the samplmg and analyt~cal programs and the types of data used for 
comparison to background 

2 1 1 Surficial Soil 

Soil samples were collected from 53 loca,ons durmg June and July of 1994 Most of these 
locations are within IHSS 168, but 12 are downgradient (east) of the IHSS boundary All 
samples were collected in areas of potenhal spray contact, along discharge channels, or at 
pipeline junctures The sampled areas were selected through review of hrstorical mformation, 
including aerial photographs, and a field reconnaissance 
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The soil samples were collected from depths of 0 to 2 mches by the modified ‘‘Rote Flats 
Method” descnbed m the EG&G SOP GT 08, Surface Soil Samplmg (EG&G 1991) Use of 
thls method was consistent with other sod samplmg programs conducted at WETS, mcludmg 
background soil samplmg programs (EG&G 1994b) 

I ’ 0 

Sod samples collected from test pits dumg a 1988 mvesbgabon were not used because these 
samples were not comparable to the 1994 samples or background sod samples The 1988 
samples were collected from the 0- to 2-foot-depth mterval, the 1994 and background sod 
samples were collected from the 0- to 2-mch mterval 

The sod samples were analyzed for radionuclides, metals, and mtrate Although volatde and 
semvolatile orgamc compounds (VOCs and SVOCs) may also have been present m sprayed 
liquids, the properties of these compounds combmed with the applicabon method used (spraymg) 
make thew current detection m surface sods unlrkely In addihon, previous sampllng and 
analysis of soils w i m  IHSS 168 showed no evidence for the presence of VOCs m those 
samples (DOE 1994b) 

I 

An analysis of the quality of data was performed and de temed  that data from the surface sod 
samples collected d m g  1994 are fully usable per the data quality objecbves stated m the 
Techcal Memorandum Revised Field Samplmg Plan and Data Quality objecbves OU 11 (DOE 
1994b) The precision, accuracy, representativeness, completeness, and comparabdity (PARCC) 
parameters of the data were assessed with the followmg results Precision of metal and 
radionuclide analyses vanes Antrmony , copper, molybdenum, mckel, selemum, thallium, tm, 
and all the radionuclide results have been further qualified as estmated results because precision 
goals for these analytes were not met Results for surface soil samples are considered accurate, 
representative, complete, and fully comparable given the data quality objectives for the OU 11 
WI/RI 

2 1 2 Subsurface Geologic Materials 

Seventeen boreholes were drilled wihn  and adjacent to IHSS 168 durmg the WI/N (July 
through September 1994) Borehole samples from Rocky Flats Alluvium were collected durmg 
drillmg at each of these locations Samples were collected at 2-foot mcrements at depths of less 
than 12 feet below ground surface and at 6-foot mcrements from 12 feet to the depth of the 
water table (saturated geologic materials) (1) 3-mch- 
long discrete samples collected in stamless-steel sleeves for analyses of VOCs and (2) 

I 

Two types of samples were collected 
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composited samples (2- and 6-foot mcrements) collected from the core barrel for analyses of 
radionuclides, metals, SVOCs, and other parameters Previous dlrllmg and borehole Samplmg 
m the vicmty of OU 11 provided addiQonal analytml data from boreholes 46292, 46392, and 
46492 
and over 200 samples were analyzed for other parameters (metals, radionuclides) 

a 
I Over 120 samples from Rocky Flats Alluvium were analyzed for SVOCs and VOCs, 

I 

An analysis of the quality of data was performed and de temed  that data from the subsurface 
sod samples collected dumg the OU 11 RFI/RI are fully usable per the data quality objectwes 
given m the Techmcal Memorandum Revlsed Field Samplmg Plan and Data Quality objectwes 
(DOE 1994b) The PARCC parameters were assessed with the following results Precision was 
evaluated for metals, radionuclides, and SVOCs and was variable Results for alummum, 
arsemc, chromum, cobalt, copper, lead, lithum, manganese, molybdenum, mckel, and all 
radionuclides have been further quallfied as estmated results because precision goals for these 
analytes were not met Results for mtrate/mtnte and di-n-butyl phthalate were also quaMed as 
estmtes based on thew poor precision Results for subsurface sod samples are considered 
accurate, representatwe, complete, and fully comparable given the data quality ObjeCtmS for the 
ou 11 RFYRI 

0 2 1 3  Groundwater 

, 
I Ground water samples were collected durvlg the Comb& Phases RFI/RI and also dumg 

ongolng quarterly momtonng of existmg wells m the vicmty of OU 11 Quarterly samples of 
UHSU ground water collected from the first quarter of 1990 through the thud quarter of 1994 
were mcluded m the data set Data from 14 wells withm IHSS 168, mcludmg 9 wells mstalled 
dumg the fall of 1994, and from 10 wells downgradient of IHSS 168, lncludrng 2 wells mstalled 
m 1994, were mcluded m the data set used to describe ground water from the UHSU. 

Criteria for selectmg the locations for new well mtallauons mcluded locatmg wells w i t h  areas 
that received duect spray application, proxrmity to previously detected contammants, and 
projections of shallow ground water 

I One objective of the OU 11 RFI/RI was to mvestigate and identify perched zones of ground 
water present above the UHSU water table A number of boreholes were drilled m areas where 
perched ground water was thought to be present No saturated zones were encountered at depths 
above the water table but geologic materials were found to be variably saturated and capable of 
yieldmg ground water to a momtormg well Three momtormg wells were installed at shallow 
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depths to momtor and access vanably saturated zones above the water table Eight momtonng 
wells were mtalled m saturated portions of the UHSU The new wells were sampled once 
followmg their mstallation, additional samples are bemg collected quarterly for analysls Only 
a few samples were collected from the vanably saturated zone due to the low producuon of these 
wells Review of the chemical data from the vanably saturated zone rndicated that thrs water 
is not, 111 general, chemically distmct from ground water from the saturated portions of the 
UHSU The number of samples available from the vanably saturated zone is not sufficient to 

perform statisucal compansons to the background data for ground water Therefore, data from 
the samples collected m the vanably saturated zone have been added to the larger data set from 
samples collected m saturated port~ons of the UHSU Over 250 samples of UHSU ground water 
were mcluded m the data evaluated for OU 11 

, 0 

The maj011ty of ground water samples used m the OU 11 RFURI and m background 
compansons were collected durvlg sitewide ground water momtonng programs and not during 
the OU 11 mesogation The quality of ground water data collected between 1990 and 1994 was 
descnbed m the Groundwater Geochemistry Report (EG&G 1995) The PARCC parameters 
reported m that document were compared to the data quality ObjeCtmS for the OU 11 RFURI 
to determme the usabllity of ground water data The precision of metal, radionuclide, and 
water-quality parameter analyses is fair and m some cases does not meet the precision goals for 
OU 11 However, these data are considered usable as estmated results Precision for SVOCs 

Representativeness of ground water data is good and meets OU 11 goals Analyses of tnp 
blanks and field blanks reveal that acetone, carbon disulfide, dichloromethane, methylene 
chloride, toluene, and 2-butanone were present These compounds may have been mtrodud 
durvlg shppmg, handlmg, or preparation of samples The ground water data are complete and 
fully comparable 

' a 
~ 

l 

I 
and VOCs was not evaluated given the lugh percentage of non-detectable values m the database 

I 2 1 4 Background Data 

Background data from locations given in the Background Geochemical Characternation Report 
(DOE 1993) made up the background database used for UHSU ground water and subsurface 
geologic matenals Background ground water samples collected from first quarter 1990 through 
second quarter 1993 were extracted from the Rocky Flats Envronmental Database System 
(WEDS) and compose the background data set Samples of geologic materials were collected 
from background locations in 1991 
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Background sufiicial sods were not descnbed m the Background Geochemical Charactemahon 
Report (DOE 1993) Background sods were collected and analyzed separately m support of 
remedial mvestigahons at OU 1 and OU 2 These soils were collected d m g  1991 and 1992 
from 18 locations in the Rock Creek dramage north of the Industrial Area (EG&G 1994b) 
Analyhcal results from these samples were extracted from WEDS and compose the background- 
soil data set 

, 0 

2.2 Data Review and Cleanup 

Data collected d m g  the OU 11 WI/RI, quarterly ground water momtoring programs, and 
background charactemtion programs were received m electromc format from WEDS and 
systemaQcally reviewed and organued to acheve a standard format for each record. Identical 
data-cleanup routmes were used to format data from the site and from the background locaOons. 
These routmes, descnbed m detail m Appendm A, are based 111 part from guidance received 
from EG&G (1994c) The OU 11 data-cleanup routmes are bnefly s- below. 

Site data used m the OU 11 CDPHE screen were extracted from WEDS on December 21,1994 
In addition to the analytical data from envmnmental samples, the WEDS data mcludes 
information such as field measurements, quahty control (QC) samples, and analyhcal results for 
sample dduhons WEDS contams all validated and unvdidated results Pnor to evduatmg the 
data, the entire database was reformatted and made mternally consistent by the followmg steps 

e 

1 Records reported with undefined u t s ,  laboratory qualifiers, or validahon codes; 
blank results or umt fields, and non-radionuclide results equal to zero were 
researched If a resoluhon was not possible, these records were labeled as 
unusable 

2 Tentatively identified compound (TIC) records were labeled based on a result type 
of TIC or laboratory qualifier of “A” or “N ” 

3 Unvalidated result values, detection Imts, and u t s  were replaced with validated 
result values, detection lmts, and umts if validated data were mcluded with the 
record 

4 Result values were converted to consistent umts of measurement for each group 
of analytes of each media type 
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5 A usability category was assigned based on validahon codes and laboratory 
qualifiers (refer to Appendrx A) 

6 Results that mdicated detection of an analyte and results that mdicated nondetects 
were labeled 

An mternally consistent database of supportable data, standardlzed umts of measure, and mque 
records for each analyte for each sample was developed usmg these cleanup steps Detect and 
nondetect cntena, quantity summaries, validahon status, and usabdity status of the records were 
compiled from thls database 

The followmg addiQona1 formattmg steps were performed to produce the frnal "project" database 
for OU 11 

1 TIC records and records for analytes not lncluded on the list of target analytes in 
the OU 11 Field Samplmg Plan were removed 

2 Records labeled as unusable or rejected were removed 

3 Location descnptions and hydrostra@raphc and geologic umt labels were added 
to each record for use m aggregatmg comparable data 

The end result is the project database from whch all data used m site charactemahon, nsk 
assessment, or data-quality evaluaQons are extracted Two separate files, the "workmg" 
database (real-sample results) and the QC database (QC-sample results), were created from the 
project database as follows 

1 Records of real and duplicate sample paws were identified and copied to the QC 
database, duplicate sample records were removed from the worlung database 

2 Records for field blanks, trip blanks, equipment rinses, and matrlx sprkes were 
moved from the worlung database to the QC database 

For each of these databases, duplicate records were identified and researched to d e t e m e  whch 
record to use based on the result type (for example, TRG [target], DIL [dilution], REP 0 
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[replicate], REX [reextraction]), laboratory qualifier, and validaQon code Records not used @ were labeled as unusable 

Data from the workmg database were used to perform statistml comparisons of site data to 
background data and to evaluate the nature and extent of contamumon Data from the QC 
database were used to descnbe the quality of data collected for the Combmed Phases WI/N m 
terms of data-quality mdicators 

Background data used for compmsons to OU 11 data were extracted from W E D S  m January 
1995 These data were idenhcal to the data used m the Background Geochemcal 
Charactemtion Report (DOE 1993) except that some records previously idenWied as unusable 
due to mssmg mformation had been updated The updated records were more complete and 
therefore could be mcluded m the database used to calculate summary statut~cs for background 
media (mcludmg upper tolerance l m t s  [UTLs]) The background data were subject to the same 
cleanup routmes as were the data collected at OU 11 

Prior to p e r f o m  the statubcal compansons, data from the worlung database were 
systematically reviewed to identify records for non-detects A new result value was assigned 
to the non-detect records for use m statmcal summanes or compmson tests For use m 
statlstical summarres, this value 1s one-half the reported detecbon l m t  and one-half the result 
when the CRDL is the reported detectm lmit (mean, standard deviahon, etc ) (EGBrG 1994c) 
For use m the statistical compmson tests, this value is the reported detection l m t  (Gllbert 
1993) 

@ 

2.3 Background Comparison 

Data from OU 11 samples collected dunng the Comb& Phases WURI were compared to data 
from background samples of llke media The data from each media type were aggregated m 
comparable subsets for cornpanson to background data m order to meet each specific 
investigation objective and to identify PCOCs Summary statistics for site and background data 
sets are included in Appenduc B 

Qualitative compansons of site data to background data were made for each media type sampled 
at OU 11 Graphic presentations of the data were used to evaluate the magmtude, variability, 
and distribution of concentrations for each analyte (Appendix D) 1) 
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Chemcal concentration data from various media sampled at OU 11 were statstlcally evaluated 
to identify analytes present at concentrations elevated relatlve to concentrations m the same 
media from background locatlons Analytes with elevated concentrations m media from OU 11 
were considered PCOCs as defmed m EG&G (1994a) PCOCs were identlfied by compmson 
to background data usmg the statishcal and qualitatlve methods outlmed m Statlstlcal 

Compamons of Site-to-Background Data m Support of RFI/RI Investlgatrons (EG&G 1994a). 
The site-to-background compmson methods were used to identlfy morgamc analytes and 
radionuclide PCOCs Orgmc compounds were considered PCOCs if detected m samples from 
ou 11 

@ 

and east of IHSS 168 In both of these areas, surficlal sod samples were collected from the 0- 

2 3 1 Data Aggregation for Background Compmson at OU 11 

Borehole samples were collected from 0 to 12 feet from 11 locations withm IHSS 168 and 4 
locations outside IHSS 168 To identify the 
PCOCs for the OU 11 CDPHE screen, analytical results from these samples were compared to 

results from analyses of samples of Rocky Flats Alluvium collected from background locations 

The samples are from RocQ Flats Alluvium 
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Ground water samples have been collected from wells screened m the UHSU and lower 
hydrostrabgraphc ulvt (LHSU) Because these wts comprise separate flow systems, the data 
were dwided by hydrostrabgraphc umt Wells that screen the UHSU have been further 
subdivided mto two areas upgradient wells and wells withm and downgradient of IHSS 168 
Ground water samples from these areas are comparable but also constitute two populabons one 
not affected by sources at IHSS 168 and one potenbally affected by sources at IHSS 168 
PCOCs m UHSU ground water were identfied for the OU 11 CDPHE screen by compamg 
unfiltered UHSU data from wells withm and downgradient of IHSS 168 to sitewide background 
data 

All samples collected withm 
and east of MSS 168 (0 to 2 

Table 2-1 presents the data sets used to perform background cornpansons and ident@ the 
PCOCs m each medium 

OU 1 and OU 2 
background sods (Rock 

Table 2-1 
Data Aggregation for Background Comparisons to Support 

Site Characterization and Risk Assessment 

Subsurface 
Geologic Matenals 

SUrfiClal Soil 

for Rocky Flats Alluvium 
Sitewide background data 

~~~~~ 

Borehole samples of Rocky 
Flats Alluvium collected 
withm and east of IHSS 168 
(0 to 12 feet) 

UHSU samples from 
saturated m d a  withm and 
downgwbent of IHSS 168 

~~ 

Sitewide background data 
for UHSU ground water 

Ground Water 

2 3 2 Statistical Analysis Procedures for PCOC Idenbfication 

The flow chart presented in Figure 2-2 Illustrates the process for identifying PCOCs The 
statistical methodology for site-to-background comparisons for morgmc analytes and 
radionuclides followed the procedures outlmed m Statutical Comparisons of Site-to-Background 
Data in Support of RFI/RI Investigations (EG&G 1994a) Thls method, known as the “Gilbert 
methodology” (from Gilbert 1993), was used by mutual agreement among EPA, CDPHE, and 
DOE The PCOC identification process for iorgamc analytes consisted of the followmg steps 
a hot-measurement test, the Gehan test, the Quantile test, the Slippage test, the t-test, and 
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professional judgment Inorgamc analytes havmg concentrahons elevated relame to background 
concentrahons, as mdicated by the hot-measurement test or any one of the mferenQal statistical 
tests (Gehan, Quantlle, Slippage, and t-test), are considered candidate PCOCs Background 
comparison summanes for analytes m each medium are mcluded m Appendlx C The five 
compmson tests are descnbed below 

Chemical data from OU 11 were evaluated usmg a hot-measurement test, wlvch compares each 
measurement with an upper tolerance llmit (UTL) value for the correspondmg analyte m the 
background data The hot-measurement test is useful as a screemng tool to ensure that unusually 
large measurements are adequately evaluated regardless of the output of the more formal 
derenual staust~cal tests The UTL concentration used dunng compmson of site to background 
data was the U T b m  value m accordance with Rocky Flats gu~dance on stahshcal compamons 
(EG&G 1994b) Thls UTL represents a value for whch there 1s 99-percent confidence that the 
UTL is equal to or greater than the true 99th percentile of the background populahon The UTL 
values for background data were calculated from the background data extracted from WEDS 
in January 1995 The hot-measurement test is an mdicator of possible hot spots (G~lbert 1993), 
however, with large sample slzes (100 to 300 samples) from the site, occasional lfTL 
exceedances are expected because the UTL value mcludes only the 99th percenhle of the 
background data 

In some cases, the concentrations of an analyte m the background populahon was not normally 
distributed In these cases a log-normal UTI+,,w value was calculated and compared to the site 
data Thls compmson resulted m the exclusion of some analytes as PCOCs (as noted m 
Appendix C) 

Statistical mference tests (Gehan, Quantile, Slippage, and t-test) were used to compare the means 
and medians of the OU 11 and background populations The null (Ho) and altemahve (Hd 
hypotheses used dumg the stahstical analyses are as follows (Gilbert 1993) 

Chemical concentrations within OU 11 are not sigmficantly greater than those m the 
background area 

Ha Chemical concentrations within OU 11 are sigmficantly greater than those in the 
background area 
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The nonparametnc Gehan test (Palachek et al. 1993, Gehan 1965) can be used to evaluate data 
sets with multiple detecoon lmits and nondetects and can be used regardless of the distnbuoon 
of the data The Gehan test is a generalmoon of the more common non-parametnc ANOVA 
Wilcoxon Rank-Sum test The parametnc 
ANOVA t-test was used only when background and site data contamed less than 20 percent 
nondetects and normality assumptions based on the Shaplro-Wdk test were samfied 

The Gehan test was performed for all analytes 

Other nonparametnc tests used to compare background and site data mcluded the Quantde and 
Slippage tests The Slippage test conslsts of countmg the number of OU measurements that 
exceed the maxmum background measurement If the number of measurements exceed- the 
maxmum background measurement was greater than a cnt~cal value obtamed from tables m 
Rosenbaum (1954), then the analyte was considered a candidate PCOC 

The Quantde test is smilar to the Slippage test and was performed by listrng the combined 
background and OU measurements from smallest to largest The test counts the number of 
measurements from the OU that are among the largest measurements of the combmed data sets. 
If the number of measurements is greater than a cnocal value, the analyte was considered a 
candidate PCOC The largest measurement and cnt~cal values were determmed from tables m 
Gilbert and Sunpson (1992) 

The mferential statisma1 tests (Gehan, Slippage, Quantde, and t-test) compare background and 
OU-wide concentration distnbutions An analyte is considered to be present at sigmficantly 
hgher concentrations at the site than m the background media if any compmson test failed at 
the 0 05 sigmficance level (p 5 0 05) The hot-measurement test compares each measurement 
to a corresponding UTb,* value An analyte is considered a candidate PCOC if any site 
measurement exceeds the value of the background UTL The difference 111 the two methods is 
that the inferential tests compare differences between population distnbutions and the hot- 
measurement test compares individual measurements to a smgle value The hot-measurement 
test is not considered a formal statistical test because false positive and power requirements are 
not considered 

Orgamc analytes are considered candidate PCOCs if detected m media from the site The error 
rates associated with PCOC identification for orgamc analytes are not known but they are 
dependent on the precision, accuracy, and representativeness of analytical data and will vary by 
analyte 

~ 
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The final identification of PCOCs was subject to professional review of the test results and 
graphlc presentations of the data The professional judgment of the reviewer is requxed to 
consider other factors such as the spatial and temporal distnbution of analytes, hlstonc 
mformation regardmg past operations at the site, mter-element correlabons, mass-balance 
CalculaQons, and knowledge of the hydrology, gemhemstry, and geology of the site The 
rationale for rnclusion or exclusion of PCOCs based on professional judgment is provided m 
Appendlx D 

2.4 Summary of PCOCs for OU 11 

Table 2-2 presents the PCOCs at OU 11 For the purpose of the OU 11 CDPHE screen, the 
surficial sod samples and subsurface geologic matenals samples collected from 0 to 12 feet were 
combrned as “sods 

Table 2-2 
List of PCOCs at OU 11 

Amenclum-24 1 
PlUtom~-239/240 

NitratelNitnte 

Tntium 
NitratelNitnte 
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3.0 
IDENTIFICATION OF CONTAMINANT SOURCE AREA(S) 

A source area is defmed as any area where concentrations or activities of PCOCs m any medium 
exceed an upper-bound estunate of  the background range The upper-bound estmate of  the 
background range for metals, morgmc compounds, and radionuclides is defmed as the 
background mean plus two standard deviations, detected orgmcs are considered to be above 
background levels The data analysis and background cornpanson methodology used to identify 
PCOCs for OU 11 are descnbed m Section 2 0 Addibonal detad on the number of samples, 
samplmg locanons, and other features of  the samplmg and analflcal program are ducussed m 
the Techmcal Memorandum Revised Field Samplmg Plan and Data Quality Objecbves OU 11 
(DOE 1994b) and m the Nature and Extent of Contammuon secbon of the OU 11 Combmed 
Phases RFI/FU (draft m progress) 

The concentratlons and distribuQon of PCOCs m OU 11 were evaluated to identify any source 
areas in OU 11 Based on the PCOC distnbutions, one OU 11 source area was identified To 
identify the OU 11 source area, concentrations and activibes of morgamc PCOCs above the 
background mean plus two standard devianons were plotted by medium Figures 3-1, 3-2, and 
3-3 delmeate concentrations/activines of PCOCs (amencium-241, plut01llum-239/240, and 
mtratehtrite) m surficial soil (0 to 2 mches) Figures 3-4 and 3-5 present concentrations/ 
activities and sample depths of PCOCs (mtrate/mtrite and tritlum) m subsurface geologic 
materials (0 to 12 feet) The OU 11 source area is outlmed on Figure 3-6 
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4.0 
IDENTIFICATION OF RISK-BASED CONCENTRATIONS 

RBCs are contarmnant concentrations m media that are not expected to pose a health nsk even 
under long-term exposure They are calculated usmg conservative assumphons regardmg 
exposure, toxicity, and acceptable nsk The purpose of developmg contarmnant-specific RBCs 
and compamg them to ConcentraUons of PCOCs at each source area is to provide prelunrnary 
screenmg-level mformation on the relative magmtude of contamtnant nsk assurmng long-term 
exposure to maxmum detected concentmoons This mformaoon can be used m the prelrmurary 
selection of remedial alternatives pnor to the completion of the "RA and also can identify 
source areas where no M e r  achon is warranted RBCs should not be used as a substitute for 
a complete "RA, as stand-alone decision-makmg tools, or as site-specific cleanup levels. 

RBCs specific to WETS have been calculated assurmng long-term residentml exposure to 
different media (DOE 1995) These values, referred to as PPRGs, were used m the OU 11 
CDPHE screen PPRGs for contammants m sod were calculated for residentral receptors 
assummg multiple pathway exposure (mgeshon, mhalahon of particulates, and external 
radiation) 

Separate PPRGs were calculated for carcmogemc and noncarcmogemc effects PPRGs for 
carcmogens were calculated based on a one m one d i o n  (1E-06) excess cancer nsk level 
PPRGs for noncarcinogens were calculated based on a hazard quotient of 1 (DOE 1995) 
General equations for calculatmg PPRGs are 

Target Cancer Rrsk h e 1  
Intake Factor x Cancer Slope Factor 

Carcinogenic PPRG = 

Target Hazard Index x Reference Dose 
Intake Factor 

Noncarcinogenrc PPRG = 

The target cancer risk is equal to 1E-06 and the target hazard mdex is equal to 1 The reference 
doses (RfDs) and cancer slope factors (CSFs) are contammant-specific EPA-established toxicity 
factors, they are presented in DOE (1995) Intake factors are an assumption of daily mtake of 
a medium per kilogram body weight The exposure parameters and other factors used to derive 
the intake factors for calculating PPRGs are discussed in detail m DOE (1995) All exposure 
assumptions are EPA standard default values (EPA 1991a) except where mdicated m the PPRG 
document (DOE 1995) 
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5.0 
CALCULATION OF RISK-BASED CONCENTRATION RATIO SUMS 

The fourth step m the CDPHE screen is to divide the maxmum concentrahon or activity of each 
PCOC in each medium m each source area by the contarmnant-specific RBC [PPRG] for 
residential exposure to yield an RBC ratio, as shown m the followmg equation 

Maxlmum detected concentrataonlactlwty 
Ruk-based concentrataon [PPRG] 

RBC Ratlo = 

The contammant-specific ratlos m each source area and medium are then summed to provide a 
ratio sum (multiple-contarmnant) for each medium If a receptor IS assumed to be exposed to 
more than one medium m a source area (for example, hypothehcal residents are assumed to be 
smultaneously exposed to sod and ground water), the raho sums for all relevant media are 
combmed to provide a total rat10 sum (multiple-contarmnant, mulhple-media) for that exposure 
scenario PCOCs m OU 11 were idenhfied m only one medium, sod, therefore, only one ratio 
sum was calculated The residenhal scenario assumes that excavatlon has taken place pnor to 
residential development and the resident may be exposed to sod to a depth of 12 feet 
(CDPHE/EPA/DOE 1994) Therefore, maxmum detected comntratlons or actlvihes of PCOCs 
m soil were identified from samples collected from the surface to a depth of 12 feet 

The total ratio sums for carcmogemc or noncarcmogemc effects are an mdicatlon of potential 
risks to receptors, asSurmng long-term exposure to maxmum detected concentrations or activitles 
of PCOCs For carcmogens, a total ratlo sum less than or equal to 1 mdicates a total excess 
lifetune cancer risk less than 1E-06 (one m one million) from long-term exposure to the 
maxmum detected concentrahons or activities of PCOCs m that source area A total rat10 sum 
for carcinogens that is greater than 1 but less than 100 mdicates a total excess lifetme cancer 
risk between 1E-04 (one in 10 thousand) and 1E-06, which is the target cancer nsk range that 
EPA has adopted to guide remedial decisions at hazardous waste sites (40 CFR 300) Where 
cancer risks estmated in a baseline HHRA do not exceed 1E-04, remediation is not generally 
warranted unless noncarcinogemc effects or ecological risks are sigmficant (EPA 1991b) A 
total ratio sum for carcinogens that is greater than or equal to 100 mdicates a potentially 
unacceptable cancer risk from long-term exposure to maxunum detected concentrations or 
activities For noncarcinogens, a ratio sum less than or equal to 1 indicates no toxic effects are 
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expected A nomarcmogemc total ratio sum greater than 1 mdicates that there may be cause 
for concern for noncarcmogemc effects 

0 43 

3 4  
2 2  

The CDPHE hsk-Based Conservative Screen assumes that a long-term resident will be routmely 
exposed to the maxmum concentrations or activihes of contarmnants found m each medium 
The screen does not confirm that an actual nsk exists Raho sums greater than 1 or 100 lndicate 
that the area warrants further evaluation, but the ratio sums do not mdicate that an actual health 
threat is present 

SS102094 2 37E+00 

51294 147E+04 
SSI 02094 3 42E+00 

If either the carcmogemc or noncarcmogemc total raho sum is greater than or equal to 100 for 
a source area, that source area may be idenhfied by DOE as a candidate for an early achon. 
Source areas with mho sums between 1 and 100 wdl be evaluated further m a baselme HHRA 
If both the carcmogemc and noncarcmogemc total raho sums are less than or equal to 1, the 
source area is a candidate for no further achon based on human health nsk In thls case, the 
mcremental m k  from dermal exposure is evaluated to confinn that the total ratio sums mcludmg 
dermal exposure are shll less than 1 

Other Parameters (mglkg) 
NITRATE/NITRITE3 

Ratios from the RBC screen for the OU 11 source area based on residential exposure are 
presented for carcmogens and noncarcmogens m Table 5-1. The total ratio sums are shown at 
the bottom of the table The carcmogemc total raho sum for sod (0 to 12 feet) was 0 82, and 
the noncarcmogemc total ratio sum was 0 oooO84 

0 000084 37 SS100894 - 4 39E+05 ___ 

Table 5-1 
Risk-Based Concentration Screen for the OU 11 Source Area-Residential Exposure 

SOIL (0 to 12 feet) 
Radionuclides (pC1lg) I I I I I I I _. 
AMERICIUM-241 
PLUTON I UM-2391240' 
TRITIUM 

0 18 
0 64 

0 00023 

TOTAL RATIO SUM I 0 82 I 0000084 I 
Programmatic Preliminary Remediatron Goals (PPRGs) are from DOE (February 1995) Resdenbal soil PPRGs were used for analytes in soil (0 to 12 feet) 
PPRGs ace reported in the units used for each analyte group 

The PPRG for nitrate was used because nitrate IS the domtnant spec~es present 

i The PPRG for plutonium-240 was used because it is more conservative than the PPRG for plutonium239 
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6.0 
COMPARISON OF RATIO SUMS TO 

CDPHE CONSERVATIVE SCREEN DECISION CRITERIA 

TOTAL RATIO SUM' 

The results of the CDPHE fisk-Based Conservative Screen are compared to decision cntena to 
determme the appropnate course of action for each medium m each source area The decision 
criteria are 

0 82 0.000084 

e If the ratio sum 2 100, a voluntary corrective achon (or early achon) or a baselme 
HHRA will be performed 

e If 1 <ratio sum< 100, a baselme HHRA m accordance with b k  Assessment 
Guidance for Superfund (RAGS) (EPA 1989) wlll be conducted 

e If the ratio sums 1, no further action may be warranted pendlng evaluahon of 
potential nsk from dermal exposure 

Table 6-1 summaflzes the total ratio sums for the OU 11 source area, assurmng long-term 
residential exposure to maxmum detected concentrations or actwities of  PCOCs The OU 11 
source area had a carcmogemc total mho sum less than 1 (0 82) and a noncarcmogemc total 
ratio sum less than 1 (0 oooO84) Therefore, the OU 11 source area is a candidate for no action 
based on the CDPHE Conservative Screen decision cntena 

Table 6-1 
Summary of Total Ratio Sums for OU 11 

I ou 11 I so11 (0 to 12 feet) I 0 82 I OoooO84 I 

As required for source areas for which no further action is indicated, the potential nsk from 
dermal contact with soil must be evaluated (CDPHE/EPA/DOE 1994) Because no action is 
recommended for OU 11, an evaluation of dermal contact with PCOCs in soil m the OU 11 
source area is included in Appendlx E In the evaluation of dermal contact, all maxmum 

cdphe wp5 6- 1 
DRAW 

Mpnh 1995 



concentrations or actlvities for PCOCs m surface sod (0 to 12 feet) m the OU 11 source area 
were below the dermal RBCs Results of the compamon of concentratlons and activities of 
PCOCs 111 OU 11 source area surface sod to dermal RBCs confirm that dermal exposure is not 
a sigmficant exposure pathway for OU 11 and that OU 11 is a candidate for no action m 
accordance with the CDPHE/EPA/DOE m k  assessment agreement (CDPHE/EPA/DOE 1994) 
(Figure 1-2) 

a 
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7.0 
IDENTIFICATION OF AREA(S) OF CONCERN 

An AOC is defied as one or several source areas located close together that exceed the CDPHE 
Conservatwe Screen decision cntena 

I 

, AOCs are identified to support the "RA m the RFI/RI 
I Report 

Results of the compmson of OU 11 total ratio sums to CDPHE Conservatvie Screen decrsion 
cnteria mdicate no acaon for the OU 11 source area, therefore, no AOCs are idenhfied at OU 
11, and a baselme risk assessment is not warranted 
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CDPHE/EPA/DOE (Colorado Department of Public Health and Envlronment, U S. 
Environmental Protection Agency, U S Department of Energy) 1994 Presentahon on 
the conservative screen process for identification of source areas and data aggregahon for 
calculation of exposure pomt concentrations June 3 

DOE 1993 Background Geochemcal Charactemahon Report Rocky Flats Plant Golden, 
Colorado U S Department of Energy September 

DOE 1994a Memorandum from Jessie Roberson (DOE) to Sue Shger (EG&G) March 30 

DOE 1994b Techca l  Memorandum Revised Field Sampling Plan and Data Quality 
objectives OU 11, Rocky Flats Envlronmental Restorahon Project, Rocky Flats 
Envlronmental Technology Site, Golden, Colorado U S Department of Energy June 

DOE 1995 Programmatic msk-Based Prellrmnary Remediation Goals, F m l ,  Revision 2 
Rocky Flats Envlronmental Technology Site, Golden, Colorado U S Department of 
Energy February 

EG&G 1991 SOP GT 08, Surface Soil Samplmg Envlronmental Management Department 
Operatmg Procedures, Manual No 5-21OOO-OPS-GT, Volume 111 Geotechcal 
March 

EG&G 1994a Guidance Document, Statistical Compansons of Site-Background Data in 
Support of RFI/RI Investigations January 

EG&G 1994b Background Soils Charactemtion Plan for the Rocky Flats Plant, EG&G 
Rocky Flats, Inc , Golden, CO 

EG&G 1994c Practical Suggestions for Users of WEDS Data Memorandum from M 
Siders, EG&G Rocky Flats, Inc , Golden, CO April 
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a I EG&G 1995 Groundwater Geochermstry Report for the Rocky Flats Envwonmental 
Technology Site Volume III of the Sitewide Geoscience Charactemtion Study Final 
Report EG&G Rocky Flats, Inc , Golden, CO January 

EPA 

EPA 

EPA 

1989 Risk Assessment Guidance for Superfund (RAGS) Volume I Human Health 
Evaluation Manual (part A) EPA/540/1-89/002 December 

1991a Risk Assessment Guidance for Superfund (RAGS) Volume I Human Health 
Evaluation Manual, Supplemental Guidance, "Standard Default Exposure Factors " 
Intern F m l  OSWER Directive 9285 6-03, March 25 

1991b Role of the Baselme k s k  Assessment m Superfund Remedy Selecbon Declsions 
OS= Dlrective 9355 0-30 

Gehan, E A 1965 A General& Wilcoxon Test for Companng Arbitrardy Smgly-Censored 
Samples Biometlrka, Vol 52, pp 203-223 

Gilbert, R 0 1993 Statistical Methods for Companng Envwonmental Data to Background 
Data at the Rocky Flats Plant Letter to Systematic Management Services, Inc Batelle 
Pacific Northwest Laboratones July 30 

Gilbert, R 0 , and J C Smpson 1992 Stafistical Methods for Evaluatmg the Attalnment of 
Cleanup Standards, Volume 3 Reference-Based Standards for Sods and Solid Media, 
PNL-7409, Vol 3, Rev 1 Pacific Northwest Laboratones Richland, WA December 

Palachek, A D , D K Sullivan, and D R Weier 1993 Statistical Determuxition of Proposed 
EG&G Contaminants of Concern for the Pond Water Quality IM/IRA, SA-93-012 

Rocky Flats, Inc Golden, CO June 

Rosenbaum, S 1954 Tables for a Nonparametric Test of Location Annals of Mathematical 
Statistics Vol 25, pp 146-150 
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APPENDIX A 

Cleanup Routines for Analytical Data I 



APPENDIX A 
DATA MANIPULATION FOR RFYRI REPORTS 

OU 11 WRI - Combined Phases 

I WEDS EXTRACTION 

A Run data chk prg to get an overview of the data Mod~ficahom to other programs 
(notably cleangen prg) may be necessary if there are new/unusual data 

1 Assigns an analytical group based on test group code: M for metals, P for 
peshcides, R for radionuclides, S for semvolatrle orgmc compounds, V for 
volatlle orgmc compounds, and W for water quality parameters 

2 Creates text files with the results of data checks 

a 
b 

J 
k 

Umque sample types 
Umque analyte names, by analyhcal group Used to identify mulhple spellrngs 
of the same analyte 
Umque QC codes for each sample type 
Umque test group codes for each analytxal group 
Umque umts for each analytical group and test group code 
Umque result types for each analyt~cal group and test group code. 
Umque lab qualifiers for each analytical group and test group code 
Umque validahoncodes for each analyt~cal group and test group code 
The total number of records and the total number of umque WEDS sequence 
ids to check for duplicated records 
Count the number of, and idenhfy the records that have a blank result field 
Count the number of, and ident@ the non-rads records that have a blank 
detection h i t  field 

3 Make any necessary changes to cleangen prg. 

I B Run genenc cleanup routmes program cleangen prg 

1 Appends basic records into the final format structures 94data\94final and 
hls toric\hs t fml 

2 Assigns total/dissolved, orgamc/morgmc based on test group code 

3 Filters out unusable data by assignmg "reject" category 

a Blank results 
b Blankumts 
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c Blank detecoon l m t  and non-rads analysls 
d Unknown validaoon codes (C,P,S,B,N) 
e Unknown unrts (DPM/SA,PCI/SA,ROM BA,UNKN) 
f Unknown lab qualifiers (L,R,rad UE,orgamc E) 
g Alpha characters m numetrc field 
h Tentatively identified compound (TIC) lab qualifiers (A, orgmc N) 

4 Assigns a usability category based on validation codes and lab qualifiers 

a VALID 
validation codes 
lab qualifiers 

validahon codes 
lab qualifiers 

b ESTIMATE 

c RETECT 
validation codes 
lab qualifiers 

validation codes 
lab qualifiers 

d BLNWYVAL 

e CHECK 
validation codes 
lab qualifiers 

AYV 
blank,U 

A,J,V,JA 
+, *, B, C, D, E(morgamc), F, G, H, I, J, N, S, UJ, 
UN, UW, UX, W, X, Y, Z 

Y,blank 
blank, +, *, By Cy D, E(morgamc), F, G, H, I, J, N, S, 
U, UJ, UN, UW, UX, W, X, Y, 2 

Z 
all except rejechon qualifiers 

5 Converts u t s  so that all umts for a given analyte will be consistent 

a Solids 
metals or WQP MG/KG 
radionuclides PCUG 
vocs, svocs, pest, herbs, pcbs, UGXG 

rads PCI/L 
all other analytical groups UG/L 

b Liquids 

c Convert DPM/L to PCI/L for "hstotrcal" rads results 

6 Assigns detecthon-detect 

a Y(yes) 
all rads 
other analytical groups 

validation codes blank,Y,J,A,V 
lab qualifiers all except U, and those that reject the record 
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b N (no) 
All rejected records 
Validation codes all 
lab qualfiers U,JB 

C Run new dlun prg to handle records with detecoon l m t s  reported as CRDL 
(especial6 metals) mtead of IDL Paul Gomez said that if the CRDL is reported as 
the detection l m t ,  usually the IDL is reported m the result field Therefore when 
sumrmng values for mean calculahons, the nondetects should be 1/2 the result, not 
1/2 the reported detection llrmt 

1 If the reported detection l m t  is the CRDL for that analyte, the new detection 
l m t  field is filled with the converted result (nresult). Otherwise, the new 
detecoon lhut field is filled with the reported, converted result 

D Remove records for analytes not m the Target Analyte List m the OU 11 Work Plan 
usmg non-tal prg 

1 Marks non-tal records m the f d  structure ftles 

2 Creates non-tal files contamng those records removed* 94data\non - tal dbf and 
hlstonc\non - tal.dbf 

3 Creates 94data and hstonc tal files to check the y - n field to see if all analytes are 
represented 94data\94 - tal and lustonc\hst-tal 

4 Checks those non - tal analytes that aren’t labeled as TICS for detects 

a Creates a list of detected analytes 94data\non-tal txt and hlstonc\non tal txt 
Includes the followmg fields location, s-no, t-g - c, analyte, result, d k n i t ,  - 
qual, valid 

I1 PROJECT DATABASE 

A Run project prg to build the Project Database by appendmg records from 
94data\94ful dbf and hstonc\hstfml dbf mto oullproj dbf 

B Run oull specific cleanup program oull - cln prg 

1 Labels hydrostratigrapluc umts for wells based on completion lithology 

2 Identifies a location as withm or outside of the IHSS boundanes 
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3 Labels the geologic u t  for each borehole sample. (All samples from 1994 Field 
Season are Qrf ) 

C Run split prg to split the project database 

1 Records labeled "CHECK" are removed to check\oull chk dbf These records are 
checked by hand to see if they should be mcluded 111 th< "RI" database The 2 
validation code is assigned to those records whch Quantalex is not under contract 
to validate, or (it appears) lab qdqc records for whch there is a target (I am stdl 
lookmg mto this as sometunes thls code is filled m by WEDS before the record is 
validated ) 

2 Unusable records (category REIECT, usabdity REIECT) are removed to 
unusable\oul 1 - rej dbf 

3 Records labeled as "TIC" m the project database and m each of the non-tal files 
(94data\non - tal and hlstonc\non - tal) are removed to tlc\oullc dbf 

4 Records labeled as category QC and those real records that correspond to realldup 
pars with a usabdity code of VALID, ESTIMATE, or BLNIUY VAL are 
removed to qc\oull-qc dbf 

5 Records labeled as category REAL with a usability code of VALID, ESTIMATE, 
or BLNWY VAL are removed to oull - n dbf 

D The "RI" and "QC" databases are checked for lab qdqc records that, if there is an  
associated target record, could make duplicate records for a given analyte The 
records not chosen are removed to lab-qa dbf Run lab - qa prg iteratwely to remove 
duplicate records to lab-qa dbf 

1 Sorts fileons - no+t - -  g c+analyte+r - type 

2 If none of the records are validated 
keep the TRG record 
remove the other(s) 

3 If one record is validated and the other(s) are not (1 e valid is blank or Y) 
keep the validated record 
remove the other(s) 

E If more than one record is validated the records are checked by hand and the decision 
to keep or remove is made on a record by record basis Those records removed from 
the data set usmg these steps are also stored m lab-qa dbf 
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1 The smplest decision is made on the basis of validahon code herarchy The 
record with the "lowest" validaQon code is removed, assummg the results are 
reasonable (1 e have reasonable number of digits after the decmal place, no zero 
concentrations, etc ) 

V Highest rank 
A, JA Secondhghest 
Y Thlrd hghest 
Z,R Lowest rank (Note split prg removes these records from the oull-n 

data set ) 

2 If the results look "reasonable" and the validahon codes are idenhcal, the record 
with the hlghest concentrahon is kept and the other removed, to be most 
consewatwe 

3 If the results are very deerent, the most acceptable record is used and the 
other@) are removed For example, there is a trg and dup record for amencium 
241, both validated with V, trg result = 0, dup result = BO517 pcdg. The dup 
record is kept, and the trg record removed 

F Run dupe prg to fmd those analytes that have 2 TRG, DUP, etc records for the same 
sample number 

1 Flag the duped records 

2 Set the filter to use only the flagged records 

3 Use the same critena as above to make decisions on the appropnate record to 
k=P 

G Run difumts prg to identify non-rads records where the detection h i t  is > = loo0 
tunes the result Thls situation suggests that the result and detechon l m t  were 
reported ~fl different umts 
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Figure A-1 
Cleanup Routme for Analytical Data: Operable Unit No. 11  
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Appendix D 
Use of Professional Judgment and Geochemical Analyses to Identify PCOCs 

Introduction 

The initial step in idenhficahon of PCOCs is to analyze the detechons of chemcals at the site 
through inferential stahshcal methods The chemcals idenhfied through stabshcal tests as 
lfferent from background were then subjected to professional review of the test results and 
review of the graphlc presentahons of the data The professional judgment of the reviewer is 
required to consider adQhonal factors such as the spabal and temporal Qstnbuhon of analytes, 
hstoric informahon regardmg past operahons at the site, ifiter-element correlahons, mass- 
balance calculahons, and knowledge of the hydrology, geochemstry, and geology of the site 
The rahonale for the final hst of PCOCs based on professional judgment is provided in the 
following sechon 

Methodology 

In general, the method for idenhfying chemcals at OU 11 was to compare the concentrahons of 
chemcals in me la  from the site to their concentrabons m medla froin background locations 
The Background Geochemical Characterizatron Report (DOE, 1993) charactenzes ground water 
and subsurface geologic matenals from unaffected areas Background soils are currently 
descnbed by a suite of soil samples collected from 18 locahons withm the Rock Creek dramage 
north of the Industnal Area The inferential s t a h s t 4  methods descnbed in Statistical Methods 
for Site-to-Background Comparisons in Support of RFMU Investigations (EG&G, 1994a) were 
used to compare the site and background data sets and to idenhfy those chemcals present at 
significantly hgher concentrahons in OU 11 medla than m the background medla 

Following the background compmson tests, chemcal data were also reviewed to descnbe the 
spahal and temporal Qstnbuhon of the chemcal at OU 11 and to assess whether or not the 
distnbutions are indicahve of contarmnahon associated with the source at OU 11 The potential 
for mfact due to false posihves (contammabon introduced m field or laboratory) and outlier 
values was also carefully evaluated These methods are consistent with EPA- and CDPHE- 
approved guidance from DOE for the identificahon of PCOCs at Rocky Flats (EG&G, 1994a) 

Professional judgment was applied to deterrmne if a chemcal should be idenhfied as a PCOC 
when one or more of the following conditions existed 

1 StaQshcal tests identify differences in data sets 

2 No pattern observed in the distnbution (I e , temporal, spahal) or detection of the 
chemcal that could be related to sources on the site 

3 Naturally occurring concentration variations, of simlar magnitude, also documented in 
media from background areas 
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4 Well construction or sampling effects influence chemcal concentrations (samples not 
representative) 

I 5 False posihves or hgh  bias documented in analyt~cal database 

6 Lack of associabon with wastes generated and chsposed at Rocky Flats site 

Professional judgment was applied on a case-by-case basis for each analyte considered Figures 
are located at the end of t h s  appendix and are referenced in the text Figures are in sequential 
order as referenced The rahonale used to idenhfy chemcals as PCOCs for OU 1 1  is presented 
in the following sechons The PCOCs are listed in Table D-1 

D.l Metals 

Total Alumnum 

Total alumnum was detected in 78 of 81 samples in OU 11 ground water, with one UTL 
exceedance The mean concentrabon is 7810 pg/L with a mnimum concentrabon of 52 2 pg/L 
and a maximum detection of 208,000 pgL Stabshcal compmsons reveal that the dstnbubon of 
total alumnum in OU 1 1  ground water is significantly dfferent than in background ground 
water Total alumnum filed the Quantde, Gehan, and T-tests (Table C-3) In addbon, one 
value (208,000 pg/L) exceeded the background UTL of 25,837 pg/L for total alumnum Review 
of hstograms and box-and-whsker plots of total alumnum in ground water reveal that the 
distnbutions of total alumnum in the background and OU 11 data sets are simlar (Figures D-1 
and D-2) It appears that the stahsbcally sigmficant dfference is attnbutable to the presence of 
one anomalously hgh  value rn the OU 1 1  data set 

0 
Detections of total alumnum in ground water are present throughout OU 1 1  (Figure D-3) 
Concentrations of total alumnum are generally well below the background UTL with the 
exception of one detection at well 5086 Review of total alumnum data from well 5086 
indxates that the concentrations measured from the February 1992 sample are anomalous No 
other concentrabons approachng the same level (208,000 pg/L) have been measured in samples 
from well 5086 (Figure D-4) Ths  sample also had an extremely hgh  TSS content (1,900 p a )  
The TSS content is more than two orders of magmtude hgher than typical TSS contents in 
samples from well 5086 Because of the hgh  TSS content, thls sample is not representatwe of 
ground water from the UHSU, and results from the sample should not be used to detemne 
maximum concentrations in the UHSU Removal of results for this nonrepresentatwe sample 
from the database would result in no UTL exceedances for total alumnum in OU 1 1  UHSU 
ground water 

Alumnum concentrations are elevated with respect to background only in the ground water 
media If elevated alumnum concentrations in ground water were related to OU 11  spray 
operations, concentrations of total alumnum would be elevated in both surficial soils and 
subsurface geologic materials However, the distnbutions of total alumnum in surficial soils and 
subsurface geologic materials do not fad any stamtical tests when compared to their respective 
background data sets (Tables C-1 and C-2) 0 
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Total alumnum in ground water is not included in the PCOC list because there are no spabal or 
temporal patterns to the detecbon of elevated alumnum concentrabons, the one UTL exceedance 
occurs in a nonrepresentatwe sample, and no other me la  in OU 11 have elevated concentrations 
of alumnum 

0 

Anbmonv 

Antimony was detected in three of 53 surficial soil samples (e6 percent) in the OU 11 area All 
the detections were at the edge of the OU or downwind No anbmony detecbons were withm 
spray areas The detecbons ranged in value from 3 mgkg to 3 5 mgkg The locabons of these 
detecbons are shown in Figure D-5 Antmony was not detected in the background data set so 
the inferential stabsbcal tests were not considered valid (100 percent nondetecbons) However, 
the range of detecbon limts for the background data set was 12 to 50 mg/kg All the site 
detechons were below the lowest detecbon llrmt for the background data 

The low concentrabons of the three detected values and a lack of spabal correlahon with spray 
acbvibes does not support anbmony as a site contmnant Anbmony is not included on the list 
of PCOCS 

Arsenic 

Arsenic was detected in all 53 surficial soil samples collected at OU 11 The background UTL 
value of 13 mgkg was exceeded in only one of the detecbons, whch reported a value of 13 1 
mgkg The locabons of the samples and arsenic concentrabons are shown in Figure D-6 The 
one UTL exceedance occurs at the southern end of spray area 2 0 
Arsenic faded the Gehan and T-tests, indxabng that the concentrabons in OU 11 soils are 
signrficantly different from the concentrabons in background However, the box-and-whsker 
plot (Figure D-7) indicates that the stabstical tests may be skewed due to the large number of 
undetected values in the background data set 

The distnbuQon of arsenic is consistent with a natural source for the metal, and not consistent 
with spray activibes There are low concentrations of arsenic in every sample, rather than hgh 
concentrabons in sprayed areas In adlbon, a recent study by the US Geological Survey 
reported a range of 0 6 to 22 mgkg for arsenic concentrabons in baseline surficial soils along the 
Colorado Front Range (Severson and Tourtelot, 1994) Detecbons at the site do not support 
arsenic as a contmnant at OU 1 1  spatially, and arsemc is not on the PCOC list for subsurface 
soils 

Arsenic was detected at concentrabons exceeding the UTL in 4 of 78 ground water samples at 
(5 percent) OU 11 The UTL is 2 pg/L and the four detecbons were at 2 1,3 9,4 0 and 5 9 pgL 
The locations of the four detections are shown in Figure D-8B Arsenic faled the UTL 
exceedance test However, the frequency hstogram (Figure D-8) does not indicate significant 
differences between the site and the background data sets 

The arsenic detecbons show no temporal or spatial pattern The four exceedances occurred in 
three different wells (4986,46492, and B410689) at three different dates There is no recurrence ' 
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in wells and no associahon between detections and spray achvihes The exceedances were in one 
well on the southern edge of OU 11 and in one well more than 1 ,OOO feet down gradent of the 
OU The other two exceedances were in well 4986, located in spray area 2 The hme series plots 
(Figure D-9) visually support the lack of temporal consistency 

' @ 

Sirmlar arsenic concentrations (2 7 to 5 4 p a )  detected in well 5286, upgrahent of OU 11, 
indicate a lack of correlahon between spray activities and arsenic detechons in ground water 
Arsenic has not been included on the list of PCOCs because the random nature of the few 
detections does not indicate contarmnabon 

Barium 

Bmum was detected in 77 of 81 ground water samples at the site Two of these detecbons 
exceeded the background UTI, value of 331 lg/L The two detechons were at well 5086 (1040 
pgL) and at well 46292 (378 pgL) Figure D-10 shows the locahons of these detechons 
Bmum I d  not fad the inferenhal statishcal tests but the exceedances dld requm adhbonal 
considerahon The lughest exceedance, in well 5086, is of queshonable valihty due to the 
elevated TSS levels of that parhcular 1992 sample The hme senes plots (Figure D-11) 
graphically illustrate the spunous nature of the values All subsequent detechons in the well 
have been below the UTL value The exceedance in well 46292 is also well dlustrated in the 
time senes plot The first sample taken from the well, shortly after well installahon in 1992, had 
the hghest bmum concentrahon All subsequent detechons have been below the UTL value 

There have been two isolated detecQons of bmum above the UTL in ground water at OU 11 (2 7 
percent) One detection was of questionable valilty and the other has not recurred since 1992 
There is no evidence of site contammahon and banum is not mcluded on the PCOC list 

I 

1 0 

Beryllium 

Beryllium was detected in only 5 of 79 ground water samples (6 percent) in OU 11, with 2 
detections exceedmg the UTI, value The mean concentrahon is 1 pg/L with a rmnimum 
concentration of 0 8 pgL and a maximum detectlon of 16 4 pg/L Statisbcal compmsons reveal 
that the distnbuhon of total beryllium in OU 11 ground water is not significantly dfferent than in 
background ground water Beryllium faled the background UTL test (Table C-3) A review of 
hstograms for beryllium in ground water show that the lstnbuhons of beryllium in the 
background and OU 11 data sets are very simlar (Figure D-12) excephng the presence of one 
anomalously lugh value in the OU 11 data set 

Elevated detections of beryllium in ground water occur sporadically in OU 1 1 (Figure D-13) 
Concentratlons of beryllium are generally well below the background UTL with the exception of 
two detections at wells 5086 and 46292 Review of beryllium data from well 5086 indicates that 
the concentrations measured from the February 1992 sample are anomalous No other detechons 
of beryllium have been measured in samples from well 5086 as shown in the bme series plot for 
beryllium in well 5086 (Figure D-14) The one sample from 5086 in whch beryllium was 
detected above the background UTL had an extremely high TSS content (1,900 mg/L) (see 
discussion of total alumnum) Because of the hgh TSS content, h s  sample is not 0 

I 
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representahve of ground water from the UHSU, and results from the sample should not be used 
Subsequent results for the well support h s  conclusion 

The only other ground water sample exceechg the background UTL for beryllium was collected 
from well 46492 located downgradient of OU 11 The concentrahon in ths  sample (2 1 pg/L) 
exceeds the background UTL (20 pgL) by a small amount, and there are no other elevated 
concentrahons of beryllium near well 46492 (Figure D-13) In adhhon, well 46292 is not in an 
area formerly used for spray applicahon of wastes Thus, the spahal detechon of beryllium 
exceedances does not suggest that spray achvibes at OU 11 have elevated the beryllium 
concentrabons in ground water 

Beryllium concentrabons are elevated with respect to background only in ground water If 
beryllium concentrahons in ground water were related to OU 11 spray operahons, concentrahons 
of beryllium would be elevated in surficial soils and subsurface geologic matenals as well 
However, the detechons of beryllium in surficial sods and subsurface geologic matenals do not 
fad any stahshcal tests when compared to thelr respectwe background data sets (Tables C-1 and 
C-2) Thus, the detechon of beryllium in ground water does not appear to be related to the 
hlstonc spray achvihes at OU 11 

I Beryllium in ground water is not included in the PCOC list because dstnbuhons of beryllium 
concentrahons in the background and OU 11 data sets are simlar as evidenced by stahshcal 
compmsons, there are no spahal or temporal patterns to the detecbon of elevated beryllium 
concentrations, one of the two UTL exceedances occurs in a nonrepresentative sample, and other 
me la  in OU 11 do not have elevated concentrahons of beryllium 0 
Cesium 

Cesium was not associated with site hstory and was not detected in surficial soils Cesium was 
detected in OU 11 boreholes in 6 of 67 samples (9 percent) The range of concentrahons 
detected at OU 11 was 0 77 to 6 6 mgkg The locahons of these detechons are shown in Figure 
D-15 Only two of the detections are wihn  spray areas, the other four detechons are 
downgradent several hundred feet Furthermore, the detechons were not conhguous withm each 
borehole 

The inferenhal stahstical tests were inapplicable for cesium in subsurface soils because no 
detechons of cesium were reported in the background data set The background data set reported 
detection l in t s  ranging from 200 to 484 m a g ,  whereas the maximum OU 11 detection was 6 6 
mgkg The histogram (Figure D-16) illustrates dwrepancies in detechon lints 

Due to the erratic nature of the detections and the extremely low concentrations present at the 
site, cesium was not deemed indicative of contarmnauon and was not included on the PCOC list 

Cesium was detected in 4 of 71 ground water samples (<6 percent) at OU 11 The locations of 
the detections are as shown in Figure D-17 

I 
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The inferential statishcal tests were not appropnate for cesium in ground water because the 
background data set did not detect cesium The range of detecbon limts for the background set 
was 500 to 1,OOO pg/L, wide  the maximum detection at OU 11 was 80 pg/L There is no 
statisbcal indication that the OU 11 data set vanes from the background data set The frequency 
hstogram (Figure D- 18) depicts no significant chfferences 

0 

Spatially the individual detections of cesium in ground water show no correlation with hstonc 
spray activities Two of the detecaons are outside the OU to the north and south and the other 
two detections are downgrachent Cesium was detected once in well 5286, upgmhent of the OU, 
as well Temporally, detecbons of cesium have been isolated and never recurrent in one well In 
addrbon, the cesium detecbons in OU 11 ground water are not correlated with the isolated 
detecbons in subsurface soils No exceedances of the UTL for cesium in ground water have been 
detected since 199 1 

The low concentrabons and errabc nature of the cesium detecbons in ground water at OU 11 are 
not indicative of contarmnabon and cesium has not been included on the PCOC list. 

Chromum 

Chromum was detected in 33 of 80 ground water samples at the site One of the 80 samples 
(1 25 percent) contmned a chromum concentrabon of 208 pg/L, slightly e x c d n g  the 
background UTL value of 185 pg/L The maximum concentrauon detected in the background 
ground water was 729 pg/L The UTL exceedance was in well 5086, shown in Figure D-19 
Chromum faded none of the stabstical tests but the one UTL exceedance required further 
considerabon As illustrated in the bme series plots (Figure D-20), chromum is detected 
consistently below 25 pg/L at the site, with the excepbon of the February 1992 value of 208 
F ~ / L ,  Ths  value is of quesoonable valid@ because it has not recurred in the well and the 

content indicates the sample is not representatwe of site ground water and should not be used to 
identify contammation Chromum has not been detected at the site in consistent or elevated 
levels, and chrormum has not been lncluded on the PCOC list for any me&a 

0 

I particular sample contmned TSS values orders of magnitude greater than normal The hgh TSS 

Cobalt 

One detection of 73 analyses (1 4 percent) exceeded the background UTL for cobalt in 
subsurface geologic matenals The exceedance is shown on Figure D-21, borehole 50194 The 
background UTL value is 27 mgkg, and the one OU 11 exceedance is 91 6 mgkg 

The isolated detection exceeding the UTL was the only statistical difference in the data set The 
hstogram (Figure D-22) and the box-and-whsker plot (Figure D-23) do not &splay differences 
between the site and background data sets Cobalt occurs at OU 11 in concentrabon distnbutions 
that reflect the background data The one UTL exceedance occurs on the northern edge of spray 
area 1 

Cobalt is not evident in the surficial soils, and its random distribution in the subsurface parallels 1 0 the randomness of the background data set The one UTL exceedance does not indicate 
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contammahon at the site but rather a spunous data point, and cobalt is not included oh the PCOC 
list for subsurface sods 

Cobalt has been detected in ground water at OU 1 I in 20 of 81 samples Only one of these 
detections exceeded the background UTL of 13 pg/L Figure D-24 shows the detection of cobalt 
in well 5086, just south of ou 1 1  spray area 1 

The hstogram (Figure D-25) for cobalt does not illustrate any hfferences in the background and 
OU 1 1  data sets Review of the hme senes plots (Figure D-26) for cobalt reveal a maximum, 
anomalous concentration of cobalt in one sample at one well All cobalt detechons through hme 
have occurred at values less than 10 p&, except the February 1992 detechon, excee&ng 60 
pg/L Ths one value is associated with hgh TSS content in the water sample, rendenng that 
part~cular sample of questionable value The hgh TSS value is also associated with several other 
anomalously hgh single detechons of metals, further compromsing the valihty of the sample 
Subsequent sampling of the well has not detected either the hgh TSS or the htgh metal values 
Removal of thls invalid sample from the data set would result I.II no UTL exceedances for cobalt 
and cobalt has not been included on the PCOC list for ground water 

CouDer 

I Copper was detected in all 53 of the surficial soils samples collected at OU 1 1  Of these 
detections, only one value exceeded the background UTL value of 30 mg/kg A value of 88 1 
m a g  was detected in a sample just outside the southeast corner of OU 11 Figure D-27 shows 
the location of the elevated detecbon of copper at the site ' 0 
Copper h d  not fad any of the inferenhal stahstical tests but was inveshgated because of the one 
value e x d n g  the UTL The frequency hstogram (Figure D-28) and box-and-whsker plot 
(Figure D-29) support the stahshcs results with the conclusion that the data sets are not 
significantly Ifferent but that there was one anomalous detechon If the detechon was 
associated with spray hstory, it would be reasonable to expect to see an increasing concentrahon 
of copper in spray areas, or along the wind dispersion path The Istnbuhon of copper 
concentrations instead reflects low-level, random values inhcahve of the background The 
isolated exceedance of copper in sufiicial soils is not considered site contarmnation, and copper 
has not been included on the PCOC list for sufiicial soils 

Copper was detected in ground water in 33 of 81 samples at OU 1 1  Only one of these 
detections, 191 pg/L in well 5086, exceeded the background UTL value of 37 pg/L The 
locations of copper detections are shown on Figure D-30 Aside from the one exceedance, the 
copper detections in ground water at the site have ranged in concentration from 1 pgL to 31 
pg/L Copper faled the Gehan test due to the one isolated exceedance The exceedance in well 
5086 occurred in 1992 and as the time series plots (Figure D-3 1) illustrate, has not recurred in the 
well or in the OU since 1992 The elevated exceedance is of queshonable validity because the 
TSS content of the sample was elevated by more than two orders of magnitude, and many other 
metals have elevated values in this one sample The sample IS not representative of ground water 
quality and should not be relied upon to identify contammahon The hme senes plots (Figure 0 
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D-3 1) for the remamder of the copper detecbons reveal mnor fluctuabons below the UTL, whlch 
are simlar to those for the background data set 0 
The only UTL exceedance of copper is in a sample of questionable validlty The one exceedance 
does not reflect site contarmnation, and copper has not been included on the PCOC list for any 
media 

Iron was detected in 79 of 81 samples in OU 11 UHSU ground water, but only one sample 
exceeded the UTL value The mean concentrabon of the samples is 7979 pgL, with a mnimum 
result of 30 1 pgL and maximum detecQon of 198,000 pgL Stahsbcal compmsons reveal that 
the distnbubon of Eon in OU 11 ground water is stabsbcally Qfferent than in background ground 
water Iron faded the Quanble, Gehan, and T-tests (Table C-3) However, review of histograms 
and box-and-whsker plots for total lron in ground water shows that the clstnbuhons of total won 
in the background and OU 11 data sets are relabvely s u l a r  (Figures D-32 and D-33) 

Concentrabons of total Eon are generally well below the background UTL of 3 1,743 pg/L with 
the exception of one detechon at well 5086 (Figure D-34) Review of iron data from well 5086 
indlcates that the concentrabons measured from the February 1992 sample are anomalous No 
other concentrabons approachlng the same level (198,000 p a )  have been measured in samples 
from well 5086 as shown in the bme senes plot for uon in well 5086 (Figure D-35) The one 
sample from 5086 in whch iron was detected had an extremely hgh TSS content (1,900 m a )  
(see discussion of total alumnum) Because of the hgh TSS content, ths sample is not 
representabve of ground water from the UHSU Removal of results for thls nonrepresentabve 
sample from the database would result in no UTL exceedances for won in OU 11 UHSU ground 
water Subsequent samples fiom the same well have not exceeded the UTL value 

0 

Iron in ground water is not included in the PCOC list because there are no spatial or temporal 
patterns to the elevated iron concentrations, one UTL exceedance occurs in a nonrepresentabve 
sample, and no other mela  in OU 11 have elevated concentrabons of iron 

Lead was detected in all 53 of the surficial soil samples at OU 11 Only four of these (7 6 
percent) occurred at concentrations greater than the background UTL The UTL value of 62 
mgkg was exceeded in four detections ranging from 62 8 to 82 9 mg/kg One of the four 
exceedances occurred in an area east and south of all known spray activities (Figures D-36) 

Lead filed the Gehan and T-tests due to the four UTL exceedances The frequency of detechons 
(100 percent) and the range of detections do not differ from the background data set The range 
in background is 26 6 mgkg to 51 mgkg and the range at OU 11 is 15 4 mgkg to 82 9 m a g  

The pattern of distribution of lead IS random and not associated with spray actwties The pattern 
shown is indicahve of naturally occurring lead in soils This is supported by a comparison with 
the baseline range of concentrations in Front Range soils, whch is 9 7 to 130 mgkg (Severson (I) 
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and Tourtelot, 1994) The maximum concentraoon at OU 11 of 82.9 mg/kg lead is 36 percent 
lower than the maximum reported in Front Range soils Lead has not been included on the 
PCOC list for soils because the detections at the OU reflect background condrhons, not 
widespread site contammahon 

@ 

data set 

Concentrations of magnesium are well below the background UTL (33,514 p&) with the 
exception of one detection at well 5086 (Figure D-42) Review of magnesium data from well 
5086 indicates that the concentration measured from the February 1992 sample are anomalous 
No other detections of magnesium have been measured in samples from well 5086 this is shown 

Lead has been detected in ground water at OU 11 in 62 of 80 samples The background UTL 
value of 19 pg/L was exceeded only twice (<3 percent), in well 46292 at a value of 27 4 pg/L 
and in well 5086 at a value of 60 pgL These detechons occurred in 1992 All other detections 
have been below the UTL since 1990 The UTL exceedances are plotted on Figure D-37 

I 

Lead faded the statistical tests (Gehan and Quantde) due to these two exceedances Review of 
the frequency hstogram (Figure D-38) does not reveal a data set that is significantly chfferent 
from the background data set The bme senes plots for lead (Figure D-39) illustrate the nature of 
the detections The exceedance in well 46292 is not in an area of k t  spray applicahon As the 
tune senes plot shows, the hgh concentrabon has not been repeated in the well since September 
of 1992 In fact, lead values in the well have shown a steady decrease since the elevated value 
was detected 

The elevated detection in well 5086 is, as with other metals, associated with one sampling round 
that is of questionable quality The February, 1992 sample from h s  well had an errahcally hgh 
TSS value As the time senes plot illustrates, the detechon is not representatwe of ground water 
quality, and the concentration has not been repeated since 1992 The subsequent detechons in 
the well have been consistently close to 0 pg/L a 
Because the only two detections of lead exceeding the UTL are not recurrent, and the two 
detechons are not spahally associated with each other or with spray activihes, the lead detechons 
are not considered to be indicahve of site contarmnahon, and lead has not been included on the 
PCOC list for ground water 

Magnesium 
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whch magnesium was detected had an extremely hgh TSS content (1,900 mg/L) (see Qscussion 
of total alurmnum) Because of the hgh TSS content, thls sample is not representatwe of ground 
water from the UHSU Subsequent samples from h s  well have been below the UTL value 
Removal of results for this nonrepresentative sample from the database would result in no UTL 
exceedances for total magnesium in OU 11 UHSU ground water 

@ 

The magnesium concentrabon is elevated with respect to background only in ground water If 
the elevated magnesium concentrahon in ground water were related to OU 11 spray operahons, 
concentrabons of magnesium would also be elevated in surficial soils and subsurface geologic 
materials However, the distnbuhons of magnesium in surficial soils and subsurface geologc 
materials do not fad any statstical tests when compared to their respectwe background data sets 
(Tables C-1 and C-2) Thus, the detechon of magnesium in ground water does not appear to be 
related to the hstoric spray actmhes at OU 11 

Magnesium in ground water is not included in the PCOC list because dstnbuhons of magnesium 
concentrations in the background and OU 11 data sets are not stahshcally ddferent as evidenced 
by the comparatwe stahstcal tests, there are no spahal or temporal patterns to the detechon of 
elevated magnesium concentrahons, the one UTL exceedance occurs in a nonrepresentatwe 
sample, and no other media in OU 11 have elevated concentrahons of magnesium 

Manganese 

Total manganese was detected in 78 of 81 samples in OU 11 ground water Nine of these 
samples (1 1 percent) exceeded the background UTL value The mean result is 257 pg/L with a 
rmnimum concentrabon of 2 pg& and maximum detechon of 2,710 Stabsbcal 
compmsons reveal that the hstnbuhon of total manganese in OU 11 ground water is 
significantly different than in background ground water Total manganese faled the Quanhle, 
Gehan, and T-tests (Table C-3), and nme samples exceeded the UTL value Review of 
histograms for total manganese in ground water show that total manganese concentrahons dlffer 
in OU 11 ground water (Figures D-44 and D-45) The detecbon of manganese at concentrahons 
above background is problemauc because manganese is not associated with past produchon, 
waste-generation, or waste-&sposal achvihes at the Rocky Flats Plant 

The spatial distnbuQon of manganese in ground water inhcates that lugh concentrabons of 
manganese are confined to three wells w i h n  MSS 168 (Figure D-46) Samples from well 
B411289 consistently contin hgher-than-background concentrabons of total and dmolved 
manganese, and one sample from well 46292 exceeded the background UTL (635 pg/L) 
Concentrahons of total manganese also exceeded the background UTL in a sample from well 
5086 However, ths sample had an extremely high TSS content and is not representative of 
ground water from the UHSU (see discussion of total alummum), Samples from other wells 
within and downgradient of MSS 168 have total manganese concentrahons w i h n  the range for 
background ground water 

Other sitewide and OU-specific studies of ground-water chermstry provide (1) several possible 
mechanisms for manganese enrichment of ground water and (2) explanations for exceedances of 
background concentrations of manganese in ground water 0 
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The recent Sitewide Groundwater Geochemstry Report (EG&G, 1995) includes a map of 
average manganese concentrabons in UHSU ground water across the Rocky Flats site The map 
shows areas of lugh and low concentrabon whch are not consistently associated with areas of 
industrral or waste-disposal acbvibes The report descnbes the UHSU ground water as 
undersaturated with respect to manganese oxides and manganese hydroxides Because UHSU 
ground water is undersaturated with respect to manganese-bearmg rmneral phases, ground water 
tends to dissolve those phases and receive manganese from the surrounding geologic matenals 
(manganese emchment) rather than precipitate them and lose manganese (deplebon) Therefore, 
in the presence of manganese-beanng rmneral phases, geochermcal models predct that ground 
water will show an increase in manganese concentrabon through time due to the natural 
dissoluhon process 

0 

Studies of the detecbon of manganese in ground water from OU 1 (DOE, 1994) indcate that 
natural vmatlons in the manganese concentraQon of ground water may not have been detected by 
the background momtonng-well network Small-scale “plumes” of manganese have been 
identified and attnbuted to natural vanability No such “plumes” were idenbfied by the 
background charactenzabon of UHSU ground water Therefore, the background database may 
not fully represent the range of naturally occumng manganese concentrahons in ground water 
from Rocky Flats 

Several lines of reasoning were presented at OU 2 to idenbfy manganese as naturally occumng 
(EG&G, 1994b) First, manganese showed no Qstnbubon pattern related to sources of 
contammation at OU 2 Second, dlssolution of manganese by ground water in the subsurface 
was proposed as a possible mechamsm for natural manganese vanabon in ground water at OU 2 0 
Manganese concentrabons are elevated with respect to background only in ground water If 
elevated manganese concentrabons in ground water were related to OU 11 spray operahons, 
concentrahons of total manganese would also be elevated in the pathways, surficial soils and 
subsurface geologic matenals However, the distrrbutlons of total manganese in surficial soils 
and subsurface geologic matenals do not fa1 any stabstical tests when compared to their 
respective background data sets (Tables C-1 and C-2) Thus, the detecbon of manganese in OU 
1 1 ground water does not appear to be related to the hstonc tipray activihes at OU 11, 

Total manganese in ground water is not included in the PCOC list because manganese is not 
associated with’ past producbon or waste-disposal at Rocky Flats, there is no consistent spabal 
pattern to the detection of elevated manganese concentrabons, there is strong evidence that the 
elevated manganese concentrabons are the result of natural processes, natural vanations in the 
manganese concentraoon in ground water may not have been detected by the background 
monitoring-well network, and no other media in OU 11 have elevated concentrations of 
manganese I 
Mercury 

Mercury exceeded the background UTL in one of 73 borehole samples (1 3 percent) at OU 1 1 
The single exceedance of 25 m a g  is shown in Figure D-47 Mercury faled none of the 
inferential statistical tests but the one exceedance directed further consideration The frequency 0 
tpU509Wppd doc 11 3/23/95 



histogram (Figure D-48) does not indicate significant differences from the background data set 
and the single isolated detecbon does not indxate site contarmnahon The closest bonngs are 
within 10 feet of bonng 5 1494 and did not contam elevated mercury nor did other samples withm 
boring 51494 The exceedance appears to be a spunous data point not associated with spray 
achvities and mercury is not included in the PCOC list for subsurface soils 

6 

Mercury was detected in 6 of 81 ground water samples (7 percent) at the site These detecbons 
exceeded the background UTL of 0 20 pg/L The locahons of the detections are shown in Figure 
D-49 Three of the detecbons are in known spray areas, and three of the detections are outside 
spray areas The exceedances ranged in value from 0 21 pg/L to 0 37 pg/L Mercury faded the 
Gehan test due to these UTL exceedances The exceedances are only slightly greater than the 
UTL and the frequency hlstogram does not indxate a data set significantly dffemt from 
background (Figure D-50) The hghest mercury value was at well 4986 The hme senes plots 
(Figure D-51) illustrate levels of mercury consistently at the detecbon lirmts with the excepbon 
of the 037 pg/L (slightly above the detecbon lirmt) in well 4986 m January of 1993 The 
maximum detecbon in background was 0 27 p a ,  whch also exceeds the UTL and is larger than 
five of the six OU 1 1  exceedances The elevated detecbon in well 4986 was not detected in 
wells withm 10 feet of this well, in borehole samples from the well or in surficial soil samples It 
appears to be an anomalous exceedance Total mercury has not been reported in th~s well since 
January 1993 However, dmolved mercury values have been reported through October 1994 and 
are all at the detechon lirmt 

0 The isolated detections of mercury do not indcate ground water contarmnahon at the site and 
mercury is not included in the PCOC list for ground water 

Total Nickel 

Total nickel was detected in 36 of 81 samples in OU 11 ground water with one exceedance of the 
background UTL The mean concentrabon is 1 1  pg/L with a mmmum concentrabon of 2 pg/L 
and maximum detecbon of 155 pg/L Stabstical compansons reveal that the dstnbubon of total 
mckel in OU 1 1  ground water is sigmficantly different than in background ground water Total 
nickel faded the Gehan test (Table C-3) due to the one value exwdmg the background UTL for 
total nickel Review of hstograms and box-and-whisker plots of total nickel in ground water 
reveal that the distnbubons of total nickel in the background and OU 1 1  data sets are sirmlar and 
outliers are present in both data sets (Figure D-52) 

Concentrations of total nickel are generally well below the background UTL (90 p a )  with the 
exception of one detecbon at well 5086 (Figure D-53) Review of total nickel data from well 
5086 indicates that the concentrations measured from the February 1992 sample are anomalous 
No other concentrations approachmg the same level (155 p a )  have been measured in samples 
from well 5086 (Figure D-54) This sample also had an extremely high TSS content (1,900 
m a )  (see discussion of total alurmnum) Because of the hgh TSS content, this sample is not 
representative of ground water from the UHSU, and results from the sample should not be used 
Removal of results for this nonrepresentative sample from the database would result in no UTL 
exceedances for total nickel in OU 11 UHSU ground water 0 
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The nickel concentrabon is elevated with respect to background only in ground water If the 
elevated nickel concentrahon in ground water were related to OU 1 1  spray operations, 
concentrabons of total nickel would be elevated in both surficial soils and subsurface geologic 
matenals However, the distnbubons of total nickel in surficial soils and subsurface geologic 
matenals do not fad any statisbcal tests when compared to thelr respecbve background data sets 
(Tables C-1 and C-2) 

0 

Total nickel in ground water is not included in the PCOC list because there are no spahal or 
temporal patterns to the detection of elevated nxkel concentrations, the one UTL exceedance 
occurs in a nonrepresentabve sample, and no other medxa in OU 1 1  have elevated concentrabons 
of nickel 

Potassium 

Total potassium was detected in 65 of 81 samples in OU 1 1  ground water, with 4 exceedances of 
the background UTL (49 percent) The mean concentrahon is 739 pg/L with a m m u m  
concentration of 518 pg/L and maximum detechon of 25,200 pg/L Stabstlcal compansons 
reveal that the distnbution of total potassium in OU 1 1  ground water is not sigruficantly hfferent 
than in background ground water Total potassium passed the Gehan test (Table C-3), but four 
samples exceeded the UTL of 4,783 pg/L Review of hstograms and box-and-whsker plots of 
total potassium in ground water reveal that the dxstnbuhons of total potassium in the background 
and OU 1 1  data sets are smlar  (Figures D-55 and D-56) 

The elevated concentrations of total potassium occur in samples from wells upgralent of, 
downgradient of, and withm MSS 168 (Figure D-57) Concentrabons of total potassium in OU 
1 1  are generally well below the background UTL with the excepbon of one sample from well 
5086, and three samples from well 46492 The sample from well 5086 is associated with hgh 
TSS and is not representabve of UHSU ground water (see lscussion of total alumnum) 
Elevated concentrations of total potassium also occur upgradient of OU 1 1  in wells 5286 and 
46192 The spabal lstnbubon of the elevated concentrabons is not consistent with the areas of 
spray applicahon (well 46492 is located more than lo00 feet downgradient of the nearest spray 
area) Therefore, the elevated levels of potassium in ground water do not appear to be related to 
hstonc waste disposal pracbces at OU 1 1  

@ 

Potassium concentrahons are elevated with respect to background only in ground water If 
elevated potassium concentrabons in ground water were related to OU 1 1  spray operations, 
concentrations of total potassium would be elevated in surficial soils and subsurface geologic 
matenals as well However, the distnbutions of total potassium in surficial soils and subsurface 
geologic materials do not fad any stabstical tests when compared to their respective background 
data sets (Tables C-1 and C-2) Thus, the detection of potassium in OU 1 1  ground water does 
not appear to be related to the historic spray activities at OU 11 

Total potassium in ground water is not included in the PCOC list because distnbutions of total 
potassium concentrations in the background and OU 1 1  data sets are sirmlar as evidenced by 
comparative statistical tests, there is no spahal pattern to the detection of elevated potassium 0 
tp\2509060hppd doc 13 3/23/95 



concentrations that is consistent with spray operations at OU 11,  and no other media in OU 1 1 
have elevated concentrahons of potassium 0 
Silver 

Silver was detected in one of 53 surficial soil samples (1 8 percent) at OU 1 1 The location of 
the detection is shown in Figure D-58 Silver was not detected in background soils samples, 
rendering the stahsbcal tests invalid (using 1 0 0  percent nondetechon results) However, the 
single silver detechon at OU 1 1  does not render the data sets statishcally dfferent The 
frequency histogram (Figure D-59) illustrates the simlanty of the data sets 

The detection at OU 1 1  was of 0 60 mgkg The detechon limts of the background set ranged 
from 2 to 10 mgkg The Silver detechon does not correlate with areas of spray activity and is not 
indicative of soils contarmnahon Silver was not lncluded on the PCOC list for soils 

Silver was detected m five of 81 ground water samples (6 percent) from OU 11 Only one of these 
detechons exceeded the background UTL value of 4 pg/L The locahon of the exceedance is 
shown in Figure D-60 The silver value reported in h s  detechon was 9 4 p a  

The mferenhal stahshcal tests d d  not indcate any sipficant dfference between background and 
the OU 11 site detechons of sdver The frequency hstogram (Figure D-61) supports a conclusion 
of no stmshcal dfferences The one detechon of sdver whch exceeds the UTL is located 
upgrdent and removed from spray achvihes Addhonally, the detechon has not been repeated m 
subsequent sampling events in well B1 1 1 189 and has not been detected in neighbomg wells or in 
soils medla The detechon of sdver appears to be an errabc detechon not mdcahve of 
contammahon and silver has not been included on the PCOC hst for ground water 

' 

Total tin was detected in only 8 of 80 samples in OU 1 1 ground water (10 percent), with three 
values (3 7 percent) exceedng the UTL value The mean result is 12 pg/L with a mnimum 
concentration of 10 pg/L and maximum detechon of 48 2 pg/L Stahshcal compmsons reveal 
that the distribuhon of total hn in OU 11 ground water is sigmficantly dfferent than in 
background ground water Total hn fsuled the Gehan test (Table C-3) Review of hstograms 
and box-and-whsker plots of total hn m ground water reveals that the medan of the OU 11 data 
for total tin in ground water is lower than that of background (Figures D-62 and D-63) 

The concentrations of total tin exceeded the background UTL of 36 pgL in three samples from 
OU 1 1 The UTL exceedances occurred once in three separate wells (4886, B 1 1  1189, and 
B411389) (Figure D-64) The magnitudes of the exceedances ranged from 1 1 to 1 3 times the 
background UTL value Time serres plots of tin concentration at these three wells (Figure D-65) 
show that total tin does not recur consistently at concentrations above the background UTL value 
or at detectable concentrations In addition, hn exceeds the background UTL in a total of three 
samples from wells 5 186 and 5286 located upgradient of OU 1 1 
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The hn exceedances occurred only in OU 11 ground water. If elevated hn concentrabons in 
ground water were related to OU 11 spray operabons, concentrations of total bn would be 
elevated in surficial soils and subsurface geologic matenals as well However, the distnbuhons 
of total hn in surficial soils and subsurface geologic matenals do not fad any stahsbcal tests 
when compared to their respectwe background data sets (Tables C-1 and C-2) Thus, the 
detection of tin in ground water does not appear to be related to the histonc spray activihes at 
ou 11 

Total tin in UHSU ground water is not included in the PCOC list because it is not consistently 
detected at concentrahons above the detechon limt or the background UTL and no other medla 
in OU 11 have elevated concentrahons of hn 

Vanadmm 

Total vanadmm was detected in 44 of 81 samples in OU 11 ground water with two exceedances 
of the UTL (2 4 percent) The mean result was 15 pglL with a m m u m  concentrabon of 2 pg/L 
and maximum detechon of 349 pgL Statlshcal cornpansons reveal that the lstnbution of total 
vana&um in OU 11 ground water is sigmficantly hfferent than in background ground water 
Total vanadrum faded the Gehan test due to the two exmedances (Table C-3) Review of 
histograms and box-and-whsker plots of total vanadmm in ground water reveals that the 
distribution of vanadum in site and background ground water are sirmlar (Figures D-66 and 
D-67) 

1 0 The concentrahons of total vanahum exceeded the background UTL of 63 pgL in two samples 
from two separate wells in OU 11 (5086 and 46292) (Figure D-68) The sample from well 5086 
had anomalously hgh TSS content and is not representatwe of UHSU ground water (see 
discussion of total alumnum) The value is not recurring Well 46292 is not in an hlstonc spray 
application area suggestmg h s  anomalously high value is not related to previous waste disposal 
activities The hgh value has not recurred in the well since 1992 In addibon, three samples 
from well 5286 located upgradrent of OU 11 also contsuned concentrahons hgher than the 
background UTL €or total vanadium 

Vanadium exceedances occurred only in ground water If elevated vanadium concentrahons in 
ground water were related to OU 11 spray operations, concentrabons of total vanahurn would be 
elevated in surficial soils and subsurface geologic matenals as well However, the Qstnbubons 
of total vanadium in surficial soils and subsurface geologic matenals do not fad any statistical 
tests when compared to their respective background data sets (Tables C-1 and C-2) Thus, the 
detection of vanadium in OU 11 ground water does not appear to be related to the histonc spray 
activities at OU 11 

Total vanadium in UHSU ground water is not included in the PCOC list because it is not 
consistently detected at elevated concentrations within OU 11, there is no spatial pattern to the 
detection of elevated vanadium concentrations, and other media in OU 11 do not have elevated 
concentrations of vanadium 
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Zinc - -  
Total zinc was detected in 46 of 81 samples in OU 11 ground water with one exceedance of the 
UTL value (1 2 percent) The mean concentrahon was 26 pg/L with a rmnimum concentrahon of 
1 3  pgL and maximum detection of 405 pgL Stahshcal comparisons reveal that the 
distnbuhon of total zinc in OU 11 ground water is not significantly hfferent than in background 
ground water (Table C-3) Review of histograms and box-and-whsker plots for total zinc in 
ground water show that the distribuhons of total zinc in the background and OU 11 data sets are 
very sirmlar excephng the presence of one anomalously high value in the OU 11 data set 0;lgures 
D-69 and D-70) 

Review of total wnc data from well 5086 inhcates that the concentrauons measured from the 
February 1992 sample are anomalous No other detechons of zinc have been measured in 
samples from well 5086 as shown in the hme senes plot for zinc 111 well 5086 (Figure D-71) 
The one sample from 5086 in whch zinc was detected had an extremely hgh TSS content (1,900 
mg/L) (see discussion of total alurmnum) Because of the hgh TSS content, thls sample is not 
representative of ground water from the UHSU Removal of results for thls nomepresentatwe 
sample from the database would result in no UTL exceedances for total zinc in OU 11 UHSU 
ground water 

Zlnc concentrations are elevated with respect to background only in one sample of OU 11 ground 
water If elevated zinc concentrations in ground water were related to OU 11 spray opexahons, 
concentrahons of total zinc would be elevated in surficial soils and subsurface geologic matenals 
as well However, the distnbutions of total zinc in surficial soils and subsurface geologic 
matenals do not fad any stahshcal tests when compared to their respective background data sets 
(Tables C-1 and C-2) Thus, the single detecaon of zinc in OU 11 ground water does not appear 
to be related to the hstonc spray achvities at OU 11 

' 

Total zinc in ground water is not included in the PCOC list because Qstnbutions of total zinc 
concentrahons in the background and OU 11 data sets are sirmlar as evidenced by comparahve 
stahshcal tests, there are no spaaal or temporal patterns to the detection of elevated zinc 
concentrahons, the one UTL exceedance occurs in a nonrepresentahve sample, and no other 
media in OU 1 1 have elevated concentrahons of zinc 

D.2 Radionuclides 

Plutonium-239/240. Americium-24 1 

Plutonium and americium are presented together since amencium is a decay product of 
plutonium Plutonium and americium surficial soil concentrations were identified as greater than 
background by the Slippage, Quantile, Gehan, and T tests (Table C-1) Plutonium exceeded the 
UTL in 24 samples (45 percent), and americium exceeded the UTL in 5 samples (9 percent) 
Subsurface soil concentrations for plutonium were identified as greater than background by the 
Gehan test and six exceedances (8 percent) of the UTL Subsurface soil concentrations for 
americium were identified as greater than background by the Slippage Quantile, and Gehan tests 
and five exceedances (7 percent) of the UTL (Table C-2) However, the hlstogram and box-and- 0 
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whsker plot presented in Figures D-72 and D-73 show no sigmficant dsfference in the 
distnbubons of acbvibes between OU 11 and background geologic matenals Amencium and 
plutonium are not identified as greater than background by the inferential stabstical tests for 
ground water, but are present in samples at activihes exceelng the background UTL values 
(Table C-3) Amencium-241 exceeded the background UTL in four samples (2 percent), 
plutonium in one sample (0 5 percent) In the case of amencium-241, the exceedances ranged in 
magnitude from two to five bmes the background UTL value 

0 

As presented in Figures D-74 and D-75, the concentrabons of plutomum and amencium in 
surficial soil are generally of the same order of magnitude, slightly elevated above background, 
and may roughly coincide with the areas used for spray apphcabon The areas downgradent and 
outside of the spray areas also exhbit simlar concentrabons, inlcatmg that wmdblown matenal 
from the east (e g , plant fires and the 903 pad) may also be the source 

The maximum surficial soil concentraQons of plutomum and amencium shown on Figures D-74 
and D-75 are 2 2 and 0 43 pCdg, respecbvely Both of these maximums occurred at the same 
location, SS102094, and are several bmes lugher than the next hghest reported values The next 
lughest reported values are not collocated, the concentration of Pu-239,240 is 0 21 pCdg located 
in the spray area at SS103294 and the concentrabon of Am-241 is 0096 pCdg located at 
SS 140394 located outside of the spray area Thls inlcates that the maximums for plutomum and 
amencium are isolated events and are not representative of the data sets at OU 11 

An additional source of background data is the Background Soils Charactenzabon Project 
(BSCP) (DOE, 1995) The reported range of Pu-239,240 is 0 026 to 0 1 pCdg, and the range for 
Am-241 is 0 0095 to 0 036 pCdg Most of the OU 11 sample data lie near the upper end of these 
ranges, indxating a small dfference between the sample data and background 

1 0 

Plutonium and amencium acbvities in subsurface geological matenals occasionally exceed the 
background UTL (Figure D-76) value The vanabon of acbvity with depth was exarmned for a 
pattern consistent with spray application and infiltration Plutomum and amencium tend to have 
low mobility and maximum activibes are expected to occur at shallow depths near the 
contarmnant source, in this case the spray applicabon areas As shown in Figures D-76, D-76B, 
and D-77, plutonium acbvibes vary randomly with depth and the maximum acbvibes of the two 
radionuclides are not collocated, as expected if they onginate from the same source matenal 
Therefore, amencium-24 1 and plutonium-239,240 were not identified as PCOCs in subsurface 
geologic matenals 

The sample results for Pu-239,240 in UHSU ground water are shown in Figure D-78 The values 
show no pattern of contamination Simlar results are shown for Am-241 in Figure D-79 

The maximum activity of plutomum-239,240 and one amencium-241 UTL exceedance occurred 
in the same sample The sample was collected from well 5086 and had a very hgh total 
suspended solids (TSS) content (1,900 mg/L) The TSS content is more than two orders of 
magnitude higher than typical TSS contents in samples from well 5086 Because of the lugh TSS 
content, this sample is not representative of ground water from the UHSU, the results from this 
sample should not be used to detemne maximum concentrations in the UHSU Plutonium- a 
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239,240 was not identified as a ground water PCOC because this queshonable sample 
represented the only UTL exceedance from OU 11 @ 
The maximum acbvity of amencium-241 occurred in ground water from B410689 Two samples 
collected from B410689 in 1990 had total amencium-241 activiQes that exceeded the 
background UTL value Thls well is located along the southeastern boundary of MSS 168, 
more than 1,OOO feet downgradient of the nearest spray area (Figure D-79) Amencium-241 
activities at ths  locabon have not been consistently elevated with respect to background since 
1990 (Figure D-80) The average actwity at B410689 is 0 022 pCA, approximately one half the 
background UTL (0 04 pCdL) Given erraQc low actwities of amencium-241 since 1990 at th~s 
location, low activihes through bme at other locations, and absence of elevated plutomum 
(parent radionuclide to amencium) actmibes in ground water, amencium-24 1 was not idenbfied 
as a ground water PCOC 

In summary, Pu-239,240 and Am-241 are found in low concentrations near the upper range of 
background in surficial soils For th~s reason, Pu-239,240 and Am-241 are idenhfied as PCOCs 
for surficial soils Pu-239,240 and Am-241 sample results for subsurface sod and ground water 
do not inlcate contarmnahon of these medla Therefore, Pu-239,240 and Am-241 were not 
identified as PCOCs for subsurface soil and ground water 

Tritium 

Based on the results of the Slippage, Quant.de, Gehan, and T tests, tntmm actwibes in the 
geologic matenals from OU 11 are StaQstxally different than in geologic materials from 
background locations (Table C-2) Eight of the 124 tntium measurements (6 percent) from 
geologic matenals exceed the background UTL value of 560 2 pCdg Tntmm actrvity appears to 
be correlated with depth (Figure D-81), the lughest actmties occur in samples collected withm 
10 feet of the ground surface Even though tntmm has not been associated with hqmd wastes 
pumped to the West Spray Field, the apparent correlation of tntium with depth supported 
including it as a subsurface sod PCOC 

Three of the 193 tnhum measurements (1 5 percent) from OU 11 ground water exceed the 
background UTL value of 600 p C A  (Table C-3) The three exceedances occur in ground water 
from three different monitor wells, B110889, B111189, and B410589 (Figure D-82), and their 
magnitudes range from 1 3 to 2 6 umes the background UTL value Given the poor precision 
(average dfference for duplicate samples is 25 relatwe percent difference, EG&G, 1995) of 
tntium measurements at low actwities, these exceedances may not be significant Repeat 
sampling at these three locabons demonstrates that the exceedances are also not recurrent 
through time 

High-precision analyses of tntium in ground water have been performed as part of a stable- 
isotopic study presented in the Groundwater Geochemstry Report (EG&G, 1995) The study 
included samples from UHSU monitoring wells located within OU 11 The average tritium 
content in ground water from monitoring wells in OU 11 ranged from less than 2 6 pCdL to 
137 8 pCdL The reproducibility (precision) of individual tntium measurements included in the 
study was * 6 5 p C f i  Based on these results and the lack of temporal patterns of tntium 0 
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activity in ground water at OU 11, as shown in Figure D-83 tnbum was not idenbfied as a PCOC 0 in ground water 

u-233,234 

U-235 

u-238 

Based on the results of stahsbcal tests and the decreasing concentrations with depth, tntium is 
idenbfied as a subsurface soil PCOC Tnbum was not idenbfied as a PCOC in ground water 
because the sample results are simlar to background and there is no observable temporal pattern 

0 6 - 3  1 1 3 - 4 3  

011 -034 

074-26 1 4 - 4 5  

0 013 - 0 3 

Uranium-233.234, Urmum-235. Urmum-23 8 

Uranium surficial soil concentrabons were idenQfied as greater than background by the Slippage, 
Quantile, Gehan, and T tests, with results varylng by isotope (Table C-1) U m u m  exceeded the 
background UTL in 33 samples for U-233,234, 4 samples for U-235, and 20 samples for U-238 
Subsurface soil concentrabons for m u m  were idenufied as greater than background by the 
Slippage, Quantile, Gehan, and T tests, and 13 to 52 exceedances of the UTL (Table C-2) 
Uranium in ground water is not idenbfied as greater than background by the inferenbal stabstical 
tests or any exceedances of the background UTL values 

As presented in Figures D-84, D-85, and D-86, the concentrabons of the urmum isotopes in 
surfrcial soil are generally of the same order of magnitude, in the upper range of background, 
and appear to roughly coincide with the areas used for spray application However, the areas 
down gradent of the spray areas also exhbit simlar concentrabons, indlcating that the uranium 
may also be natural 

Recent background data from the BSCP (DOE, 1995) are compared to OU 11 data for the 
uranium isotopes in the table below As presented in Figures D-84, D-85, and D-86, most of the 
OU 11 sample data are withm the upper end of the BSCP sample data 

l 

I 

0 
Uranium Detection Ranges 

I I I I 

Uranium isotopes are present at activities exceeding the UTL in samples of geologic materials 
from background areas However, patterns of spatial dlstnbubon are not consistent with 
origination of the uranium from a spray source at the ground surface, indicating that the source 
may be natural 

Naturally occumng uranium-rich rocks are known to be present in the Rocky Flats Alluvium 
The uranium used at the Rocky Flats Plant to make nuclear weapons parts was enriched or 
depleted in U-235 Through analysis of the isotopic ratios of environmental samples, uranium 
used at Rocky Flats may be distinguished from naturally occurnng uranium 
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Naturally occumng uranium is composed of three pnncipal isotopes, U-238, U-235, and U-234, 
which are found in the propomons listed below Of these, U-235 is the fissile matenal (capable 
of spontaneous cham reactson) used in nuclear reactors and nuclear weapons However, U-235 
occurs in such low propomons that it often requires enrichment in this isotope to be used in 
commercial reactors or nuclear weapons The isotopic separation process used in the United 
States over the past few decades, gaseous dffusion, results 111 uraruum enriched m both U-235 
and U-234 The byproduct of the ennchment process IS natural uranium that is depleted of the 
U-235 and U-234 isotopes The percentages of each isotope by weight for natural, commercial, 
weapons, and depleted uranium are presented below for compmson 

U-238 

~ u-235 

u:234 

Typical Isotopic Abundances by Weight 

0 992739 0 9701 0 0532 0 9975 

0 007204 0 0296 0 0324 0 0025 

0000057 OOOO3 0 0101 0000005 

1 WE, 1988 

2 DOEELS1990 

Urmum has been used since the intttal operation of the RFP to make weapons parts Ennched 
and depleted uranium metal were used to make weapons parts, and depleted uranium was 
processed to make armor plates for MlAl tanks (CDH, 1992) In addtson, U-233, a man-made 
fissile isotope, was also used from the late 1950s to the early 1970s (CDH, 1992) The presence 
of uranium has been identsfied in the Solar Evaporation Ponds, and consequently may have been 
sprayed in OU 1 1  By compmng isotopic rat~os of natural urmum and environmental samples, 
the presence of emched uranium can be identtfied 

db 
To compare isotopic ratios, the raho of the number of atoms of each isotope is used The ratto of 
U-234 to U-238 changes more dramatscally with enrichment than the ratio of U-235 to U-238, 
therefore, the ratso of U-234 to U-238 is generally used in isotopic ratto analysis If laboratory 
results are reported in percent weight, as in the table above, the isotopic ratso is calculated as 
follows 

(weight N,) (Avagodro' s Number) 
NI atomic weight 

(weight N J  (Avagodro' s Number) 
Nz atomic weight 

N] - -  - 
N2 
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Where 

a N1 = Number of atoms of first isotope (e g , U-234) 

N2 = Number of atoms of second isotope (e g , U-238) 

N1 atormc weight = Atormc weight of first isotope (glmole) 

N2 atormc weight = Atormc weight of second isotope @mole) 

Avagadro’s Number = 6 02E+23 atodmole 

For the percentages presented above, the isotopic rabos of U-234 to U-238 are’ 

natural (5 84E-05) 

commercial emched approx 3 percent (3 14E-04) 

weapons emched approx 93 percent (1 9E-01) 

depleted (5 WE-06) 

The isotopic r a ~ o  spans approximately four orders of magnitude, depenchng on the degree of 
emchment Thus, the U-234 U-238 raho is a sensitwe indicator of emchment 

If laboratory results are reported in acbvity units such as picocunes per gram (pcdg), the isotopic 
rabo is calculated as follows 

Where 

A1 - 

A1 half-life = 

A2 - 

A2 half-life = 

- 

- 

Actwity of first isotope (pCdg) 

Radloactwe half-life of first isotope (years) 

Activity of second isotope (pCdg) 

Radioacbve half-life of second isotope (years) 

The half-lives for U-234 and U-238 are 2 45Ei-05 years and 4 47E+09 years respectively (DOE, 
1988) 

Due to the analysis technique, laboratory results report U-233 and U-234 together, as U-233,234 
Therefore, a distinction between U-233 and U-234 cannot be made from this data However, an 
increase in the isotopic ratio of U-233,234 to U-238 still indicates the presence of technologically 
enhanced uranium It should be noted that enriched and depleted uranium could be present in 0 
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amounts such that the isotopic raho is simlar to natural uratllum, however, the probability is very 
low, since the isotopic raho spans approximately four orders of magmtude 

Isotopic ratios for surficial soil and borehole data are presented in Figures D-87 and D-88, 
respecovely For compmson, isotopic rahos for natural, commercial, and depleted uranium are 
also presented Weapons grade uranium was not presented as its isotopic raho, 0 19, is off scale 
The error associated with each OU 11 environmental sample is shown as error bars for each 
result As illustrated, only naturally occumng uranium is idenhfied in OU 11 envlronmental 
samples Therefore, uranium-233,234, uranium-235, and urmum-238 were not idenbfied as 
surficial soil or subsurface soil PCOCs 

D.3 Semivolatiles 

Bis(2-ethvlhexvl) Dhthalate 

Bis(2-ethylhexyl) phthalate, a common laboratory contarmnant @PA, 1989), was reported above 
the detechon limt in a number of subsurface geologic m a t e d  samples in the 0- to 12-foot depth 
interval (27 out of 67, 40 percent detecoon) The magmtude of concentrahons above the 
detection limt range from 36 pgkg (Well 50194 and 50794) to 140 pgkg (Well 50894) with a 
mean concentration of 119 pgkg Bis(2-ethylhexyl) phthalate has been found above the 
detection limt at 10 of the 11 sampling locaoons and at many of the sampled depth intervals 
Figure D-89 shows the detected concentrahons of Bis(2-ethylhexyl) phthalate in subsurface 
geologic matenals in the 0 to 12 foot depth interval Well 51194 was the only locahon where 
Bis(Zethylhexy1) phthalate was not detected in the subsurface geologic material Bis(2- 
ethylhexyl) phthalate was also detected in 51294, whch is downgradrent of MSS 168 and 
outside the spraymg area The concentrahons in 51294 range from 37 to 75 pgkg in the 0 to 12 
foot depth interval 

1 

Bis(Zethylhexy1) phthalate was detected in three out of nine UHSU ground water samples taken 
from the MSS 168 and the downgradent sampling locahons dunng only one round of sampling 
Only a subset of the ground water wells were sampled for serm-volatile chemcals (46292, 
46392, and 46492 in September 1992,50194,50794,50994,51094,51294, and 51494 in August 
1994) No detechons were reported in the three wells sampled in 1992 (42692,46392,46492 ) 
while detechons were reported in three of the six wells sampled in 1994 (see Figure D-90) The 
hlghest detected concentyation, 26 pg/L,, was found away from spray areas in a downgradient 
well, 51294 The other two detections, both 9 pgL and both eshmated values below the 
detection limt (qualified with a J), were found in IHSS 168 (50994 and 51094) over 1300 feet 
from 5 1294 and 1 100 feet from each other Bis(2ethylhexyl) phthalate was not detected in Well 
5 1494 ground water whch is located between 50994 and 5 1094 (Figure D-90) 

Bis(Zethylhexy1) phthalate is considered by EPA to be a common laboratory contmnant along 
with toluene, acetone, methylene chlonde, 2-butanone, and other phthalate esters (EPA, 1989, 
EPA, 1992, EPA, 1988a, EPA, 1988b) Bis(Zethylhexy1) phthalate is a plasticizer and can be 
introduced into analytical samples from bottles or other plasoc equipment Bis(2-ethylhexyl) 
phthalate can be found in analytical ground water samples at concentrations around 10 pg/L at 
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varying degrees of detechon Concentrahons of 50 pg/L or greater typically represent non- 
laboratory contammation (Gala, 1995) Analytml samples for soil media can typically contam 
Bis(2-ethylhexyl) phthalate levels up to 100 pgkg, possibly 200 /kg/kg, at varying degrees of 
detecbon due to laboratory or field contarmnabon The levels found in the subsurface geologic 
materials samples and ground water samples are withm these typical ranges (see Table D-2 and 

0 

D-3) 

The levels of Bis(2-ethylhexyl) phthalate due to laboratory contammabon can vary according to 
the size of the laboratory (Gala, 1995) Assessment of blank contammahon is hmdered by the 
few field blanks collected for ground water Adlhonally, the laboratory reported few B- 
qualified data Larger laboratones tend to prepare the method blank samples more carefully and 
smce less levels of Bis(2-ethylhexyl) phthalate are found in method blanks the analytical samples 
are not qualified with a B (inhcahng blank contammahon) 

The assessment of the OU 11 analyt~cal data, lnclulng the QNQC informahon, showed that 
many common laboratory contarmnants were detected in a great proporhon of samples (see 
discussion below) Th~s shows a trend of possible contarmnant introduchon into analflcal 
samples in the laboratory or d u n g  the field inveshgahon achvitles Possible field-related 
sources include plashc sleeves and other plashc equipment used in the sampling of the well The 
equipment nnsate samples for background ground water and OU 11 borehole samples showed 
low levels of Bis(2-ethylhexyl) phthalate Bis(2-ethylhexyl) phthalate was detected in 7 out of 30 
equipment nnsate samples that were collected dunng the sampling of the subsurface geologic 
matenals boreholes The detected concentrahons levels ranged from 2 to 36 pg/L with a mean of 
6 pgL Bis(2-ethylhexyl) phthalate was detected in 11 percent of the RFETS-sitewide 
equipment nnsates associated with the background samples (concentrahon = 2 p a )  The 
presence in the equipment nnsate samples suggest Bis(2-ethylhexyl) phthalate may have been 
introduced into the samples dunng the field activihes and the concentration levels are not 
representahve of site conditions 

1 

In the OU 11 subsurface geologic matenals and ground water data sets only the common 
laboratory contarmnants are detected frequently On average the chemcals classified as common 
laboratory contarmnants were detected in 14 percent of the samples, across both medla 
However, besides the common laboratory contarmnants, very few organic chemcals (1 1) were 
detected and only at a rate of 1 7 percent, nearly ten hmes lower than the common laboratory 
contarmnants Table D-2 presents a summary of the frequency of detechon and the magnitude of 
concentrations for the common laboratory contarmnants and the other organic chemcals that 
have been positively detected Only chloroform (5 detechons out of 116 samples) and 
trichloroethene (1/115) were detected in subsurface geologic materials samples Benzene 
(4/203), carbon disulfide (1/142), carbon tetrachlonde (1/204), chloroform (10/203), 
ethylbenzene ( 1/204), hexachlorobutadiene (1/60), tetrachloroethene (6/204), total xylenes 
(1/145), and trichloroethene (21204) were positively detected in ground water samples Table D- 
2 also shows that the common laboratory contarmnants are found at low concentrations near the 
detection limt Their frequent appearance in the environmental medium of OU 11 and in 
background and other OUs (for an example see Table D-3), indicates these chemicals have likely 
been introduced in field sampling of laboratory analysis activities 

I 

0 
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Information from other data sets were reviewed to assess the detecbon and magmtude of Bis(2- 
ethylhexyl) phthalate in soil and ground water medm Table D-3 summatrzes several RFBTS- 
related Bis(2-ethylhexyl) phthalate data sets, inclulng OU 11, RFEiTS-sitewide summmes, and 
OU 2 Bis(2-ethylhexyl) phthalate was detected in 9 out of 40 OU 2 surficial soil samples (23 
percent detections) at a range of 495 to 1105 pgkg Bis(2-ethylhexyl) phthalate was found in 
background surficial soil samples at levels simlar to OU 11 levels (4 out of 18 samples, 22 
percent detections, 355 to 140 pgkg, DL = 330 pgkg) The sitewide detecbon frequency of 
Bis(2-ethylhexyl) phthalate in ground water is 23 percent, sirmlar to OU 11 and the range of 
concentrahons (1 to 130 pg/L,) bounds the OU 11 ground water concentrabons of 9J to 26 pg/L 
The sirmlmty in the detechon frequency and range of concentrabons between OU 11, OU 2, 
overall sitewide, and background levels inlcates the detecbon of Bis(2-ethylhexyl) phthalate in 
OU 11 is not llkely due to envuonmental contarmnabon unique to OU 11 (1 e ,  sirmlar levels are 
found due to introduced contarmnabon) 

Based on the evidence presented 111 the previous paragraphs, Bis(2-ethylhexyl) phthalate is not 
included as a PCOC in OU 11 subsurface geologic matenals or ground water 

Di-n-butyl Dhthalate 

Di-n-butyl phthalate, a common laboratory contarmnant (EPA, 1989), was detected in 40 percent 
(27 of 67) of the subsurface geologic matenals samples (see Figure D-91) at concentrabons 
ranging from 39 to 520 pgkg with a mean concentration of 216 pgkg The detecbon lirmts 
range from 10 to 330 pgkg If the levels in the subsurface geologic matenals were attnbutable 
to non-laboratory contammabon, one would llkely expect vemcal mgration to ground water and, 
therefore, expect to see some detechons in ground water Di-n-butyl phthalate (DBP) has been 
detected in samples from greater than 65 feet below ground surface, however, there are no 
detections of DBP in ground water 

e 

EPA considers acetone, 2-butanone, methylene chlonde, toluene, and the phthalate esters to be 
common laboratory contarmnants @PA, 1989, EPA, 1992) In the OU 11 subsurface geologic 
materials and ground water data sets only the common laboratory contarmnants are detected 
frequently On average the chermcals classified as common laboratory contarmnants were 
detected in 14 percent of the samples, across both medla However, besides the common 
laboratory contarmnants, very few organic chemcals (1 1) were detected and only at a rate of 1 7 
percent, nearly ten times lower than the common laboratory contarmnants Table D-2 presents a 
summary of the frequency of detection and the magrutude of concentrations for the common 
laboratory contaminants and the other organic chemcals that have been positively detected 
Only chloroform (5 detections out of 116 samples) and tnchloroethene (111 15) were detected in 
subsurface geologic matenals samples Benzene (4/203), carbon disulfide ( 1/142), carbon 
tetrachloride (1/204), chloroform (10/203), ethylbenzene (1/204), hexachlorobumhene (1/60), 
tetrachloroethene (6/204), total xylenes (1/145), and tnchloroethene (2/204) were positively 
detected in ground water samples Table D-2 also shows that the common laboratory 
contarmnants are found at low concentrations near the detection lirmt Their frequent appearance 
in the environmental medium of OU 11 and in background and other OUs (for-an example see a 
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Table D-2), inlcates these chemcals have likely been introduced in field sampling or laboratory 0 analysis activibes 

Based on the evidence presented in the previous paragraphs, di-n-butylphthalate is not included 
as a PCOC in OU 11 subsurface geologic matenals or ground water 

Diethyl Dhthalate 

Diethyl phthalate, a common laboratory contarmnant (EPA, 1989), was detected 2 times in 67 
samples (3 percent detecbons) of geologic matenals (Figure BH-8) Diethyl phthalate was 
detected twice in the 0 to 12 foot depth interval (in wells 50394 and 50994) More frequent 
detecbons would be expected in the, interval, due to vemcal mgrahon processes, if surface 
applicahon of sprayed wastes were the source Chemcals that are infrequently detected (less 
than 1 in 20) may be arhfacts in the data due to sampling, analyhcal, or other problems, and 
therefore may not be related to site operahons or disposal achvihes (EPA, 1989) The 
concentrabons range from 190 to 240 pgkg with a mean concentrahon of 166 pgkg 
Diethylphthalate was detected only once in ground water (26 p a )  in Well 46292, however, 
samples were collected from the wells dunng only one samphng round (September 1992) A 
subset of the ground water wells were sampled for sem-volat.de chemcals (46292, 46293, and 
46492 in September 1992, 50194, 50794, 50994, 51094, 51294, and 51494 in August 1994) 
Overall, &ethyl phthalate was detected in ground water in 1 of 9 samples (1 1 percent detecuons) 
in MSS 168 and downgrdent of MSS 168 The low detechon frequencies indicate &ethyl 
phthalate is not ldcely due to envlronmental contarmnation 

EPA considers acetone, 2-butanone, methylene chlonde, toluene, and the phthalate esters to be 
common laboratory contarmnants (EPA, 1989, EPA, 1992) In the OU 11 subsurface geologic 
matenals and ground water data sets only the common laboratory contarmnants are detected 
frequently On average the chemcals classified as common laboratory contarmnants were 
detected in 14 percent of the samples, across both medla However, besides the common 
laboratory contarmnants, very few organic chemcals (1 1) were detected and only at a rate of 1 7 
percent, nearly ten times lower than the common laboratory contarmnants Table D-2 presents a 
summary of the frequency of detechon and the magmtude of concentrauons for the common 
laboratory contarmnants and the other organic chemcals that have been posihvely detected 
Only chloroform (5 detections out of 116 samples) and tnchloroethene (1/115) were detected in 
subsurface geologic matenals samples Benzene (41203). carbon disulfide ( 1/142), carbon 
tetrachloride (1/204), chloroform (10/203), ethylbenzene (1/204), hexachlorobutadiene (1/60), 
tetrachloroethene (6/204), total xylenes (1/145), and trrchloroethene (2/204) were positively 
detected in ground water samples Table D-2 also shows that the common laboratory 
contmnants are found at low concentrations near the detection limt Their frequent appearance 
in the envlronmental mehum of OU 11 and in background and other OUs (for an example see 
Table D-3), indicates these chermcals have likely been introduced in field sampling or laboratory 
analysis activities 

Based on the above evidence comparing frequency of detections, diethyl phthalate is not included 
as a PCOC in OU 11 subsurface geologic matenals or ground water 
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2-Butanone was detected once out of 45 samples (2 percent detechons) of subsurface geologic 
matenals (4 pgkg in Well 5 1494) If the analyte was present due to vemcal mgrahon of surface 
applied contammahon, more frequent detecbons would be expected than were reported 2- 
Butanone is also reported in the tnp and field blanks sitewide (see page 2-5) 2-Butanone was 
detected in two ground water samples from 96 OU 11 samples (2 percent detecbons) The two 
samples were collected in 1990 from 2 lfferent wells (19 pg/L in B411389 and 10 pg/L in 
B410689) (See Figure D-92) Repeated sampling and analysis of ground water from the same 
wells and adjacent wells dmng the 1991 to 1994 sampling actmbes has not confmed the 
presence of 2-butanone m ground water (Figure D-93) The low detecbon frequency inlcates 
the presence of 2-butanone is not llkely due to enwonmental conbrmnaoon but represents an 
arhfact of the sampling and analysis methods 

EPA considers acetone, 2-butanone, methylene chlonde, toluene, and the phthalate esters to be 
common laboratory contarmnants (EPA, 1989, EPA, 1992) In the OU 11 subsurface geologic 
matenals and ground water data sets only the common laboratory contarmnants are detected 
frequently On average the chemcals classified as common laboratory contarmnants were 
detected in 14 percent of the samples, across both medla However, besides the common 
laboratory contarmnants, very few orgmc chermcals (1 1) were detected and only at a rate of 1 7 
percent, nearly ten bmes lower than the common laboratory contarmnants Table 5 presents a 
summary of the frequency of detecbon and the magmtude of concentraoons for the common 
laboratory contarmnants and the other orgamc chermcals that have been posihvely detected 
Only chloroform (5 detecbons out of 1 16 samples) and trichloroethene (1/115) were detected in 
subsurface geologic matenals samples Benzene (4/203), carbon &sulfide (1/142), carbon 
tetrachlonde (1/204), chloroform (10/203), ethylbenzene (1/204), hexachlorobutadiene (1/60), 
tetrachloroethene (6/204), total xylenes ( 1/145), and trrchloroethene (2/204) were positwely 
detected in ground water samples Table D-2 also shows that the common laboratory 
contarmnants are found at low concentrabons near the detecbon lirmt Their frequent appearance 
in the environmental medum of OU 11 and in background and other OUs (for an example see 
page 2-5 and Table D-3), indicates these chemcals have likely been introduced in field sampling 
or laboratory analysis acbvities 

, 0 

Based on the evidence presented in the previous paragraphs, 2-butanone is not included as a 
PCOC in OU 11 subsurface geologic matenals or ground water 

Acetone 

Acetone, a common laboratory contarmnant, was frequently detected in the geologic matenals 
sampled (10 of 44 samples, 23 percent detections) (Figure D-94) The concentrahon levels 
ranged from 1 to 15 pgkg with a mean concentration of 5 pgkg (acetone has a reported 
detection limt of 10 pgkg) All but one of the detectable results were reported as estimated 
concentrations below the detection lirmt (J-qudified results) 
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Acetone was detected in 10 of 135 samples (7 percent detecuons) of ground water from OU 1 1  
(see Figure D-95) Chermcals that are infrequently detected (less than 1 in 20) may be mfacts in 
the data due to sampling, analyhcal, or other problems, and therefore may not be related to site 
operations or disposal activities (EPA, 1989) Six of the results were accompanied by qualifiers 

estimated concentrabons), the other four detected results were reported at concentrabons below 
the detecbon limt (J-qualified) Acetone has been detected in 1990 and 1991 and has not 
routinely occurred in any well, as shown in Figure D-96 It does not occur in consecubve 
quarters at wells that have been sampled repeatedly When acetone has been detected, the bme- 
senes plots show no consistent pattern of detecbon through bme Addtionally, acetone is 
detected in trip and field blanks of ground water samples sitewide (see page 2-5) 

I indicabng that acetone had also been detected in the lab blanks (B qualified, considered 

EPA considers acetone, 2-butanone, methylene chlonde, toluene, and the phthalate esters to be 
common laboratory contarmnants (EPA, 1989, EPA, 1992) In the OU 1 1  subsurface geologic 
matenals and ground water data sets only the common laboratory contarmnants are detected 
frequently On average the chemcals classified as common laboratory contarmnants were 
detected in 14 percent of the samples, across both medla However, besides the common 
laboratory contarmnants, very few orgmc chermcals (1  1) were detected and only at a rate of 1 '7 
percent, nearly ten times lower than the common laboratory contarmnants Table D-2 presents a 
summary of the frequency of detecbon and the magnitude of concentrabons for the common 
laboratory contmnants and the other orgamc chermcals that have been posibvely detected 
Only chloroform (5 detecbons out of 116 samples) and tnchloroethene (1/115) were detected in 
subsurface geologic matenals samples Benzene (4/203), carbon disulfide (1/142), carbon 
tetrachlonde (1/204), chloroform (10/203), ethylbenzene (1/204), hexachlorobutadiene (1/60), 
tetrachloroethene (6/204), total xylenes (1/145), and trrchloroethene (2/204) were positwely 
detected in ground water samples Table D-2 also shows that the common laboratory 
contarmnants are found at low concentrabons near the detecbon limt Theu frequent appearance 
in the environmental medlum of OU 1 1  and in background and other OUs (for an example see 
Table D-3), indicates these chemcals have likely been introduced in field sampling or laboratory 
analysis activities 

' 0 

Based on the evidence presented in the previous paragraphs, acetone is not retamed as a PCOC in 
OU 1 1  subsurface geologic materials and ground water 

Benzene 

Benzene was detected in 4 of a total of 203 (2 percent detecbon frequency) ground-water samples 
from the first quarter 1990 through the thud quarter 1994 Two of the samples that showed 
detecbons were collected during 1990 from wells B411389 and B110989, shown on Figure D-97 
These samples had reported benzene concentrations of 7 and 1 pg/L These two wells are 
separated by a distance of 1500 feet Benzene was not detected in well 4986, located between 
these two wells, indicating that there is no correlabon between the two detections Furthermore, 
benzene has not been detected in any of the samples from these two wells since 1990 Figure D- 
98 shows a time series plot of the data from wells B411389, B110989, and 4986 Because these 
detections occurred only once and have not been repeated since 1990, the reported concentrations 
of 7 and 1 pg/L are not considered indicative of environmental contammation 0 
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Analysis of the two samples collected dunng September 1994 from wells 50394 and 51294 
indicate benzene concentrahons of 0 2 and 0 1 yg/L, respectively These wells are separated by a 
distance of 2700 feet Well 50394 is located withm MSS 168 in an area of hlstoncal spray 
activity, while well 51294 is located down gradlent of MSS 168 approximately 800 feet outside 
of any spray areas Benzene was not detected in wells 41 1389 or 410789, located between wells 
50394 and 5 1294 Therefore, there appears to be no correlahon between the measurements of the 
two wells, nor any relahon to the spray areas 

' 0 
, 

If the source of benzene in ground water was the infiltration of applied spray liquids, benzene 
would be expected to have left traces in the geologic matenals However, benzene was not 
detected in samples of geologic matenals collected from the borehole dnlled at 50394 or 51294 
In adhhon, benzene was not detected m any other borehole at OU 11 Ths indwates it is 
unlikely that the source of benzene in ground water was due to spray field actwihes 

When a chemcal has a low frequency of detecbon and the few detecoons have values close to 
the detechon limt, it is less certsun that measured values mdcate envlronmental contarmnahon 
In this case, the detechon limts for the benzene data set range from 0 1 to 10 pgL, compared to 
the detechons of 0 1 and 0 2 Because these detechons are in the lower range of the detecbon 
limts and the detection frequency is only 2 percent, it is quesoonable that these detechons 
indicate benzene contarmnation in ground water 

Benzene was also reported at a concentrahon of 0 2  pg/L in one of the background wells, 
B302089, located south of Woman creek Although the detechon of benzene in background 
wells is not a common detechon, h s  does illustrate that when it occurs, the concentraoon may 
be expected to be low and withm the range of detecbon limts 

0 
These finlngs indicate that the detechon of benzene at OU 11 is limted to four samples that 
show no recurrence, pattern, or trend in time, are spahally separate, and are not related to spray 
field activities Furthermore, the detected values are withm the range of detection limts, and a 
simlar value was detected in background wells Therefore, benzene is not idenhfied as a ground 
water PCOC for OU 11 

I 

Carbon Disulfide 

, Carbon disulfide was not detected above the reported detechon limt in 50 subsurface geologic 
material samples but was detected once in 142 ground water samples (1 percent detections) 
Carbon disulfide was detected only once in 13 samples from well B411289 (within MSS 168) 
(see Figure D-99) Carbon disulfide was also detected once out of 14 samples from a well 
located upgradient of the MSS These are the only samples from OU 11 contaming detectable 
concentrations of carbon disulfide Repeated sampling and analysis of water from well €341 1289 
has not verified the single 1992 detection of carbon disulfide (see Figure D-100) For ths  well, 
the time-series plot shows no consistent pattern of detection through time The low detection 
frequency indicates the presence of carbon disulfide is not likely due to environmental 
contamination but represents an individual artifact of the sampling and analysis methods 

I 
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Based on the above evidence, carbon disulfide is not included as a PCOC in OU 1 1  subsurface 
geologic matenals or ground water 

Carbon Tetrachlonde 

Carbon tetrachloride was not detected above the reported detection limt in 50 subsurface 
geologic matenal samples Carbon tetrachlonde was detected only once in 204 samples of 
UHSU ground water from OU 1 1  (detected in a 1990 sample from well 4986) (see Figure D- 
101) Chemcals that are infrequently detected (less than 1 in 20) may be artifacts in the data due 
to sampling, analyt~cal, or other problems, and therefore may not be related to site operahons or 
disposal activihes (EPA, 1989) Carbon tetrachlonde was also detected once out of 17 samples 
from a well located upgrachent of the IHSS The detechon of carbon tetrachlonde has not been 
venfied by repeated sampling of either well For wells where carbon tetrachlonde has been 
detected, the bme-senes plots show no consistent pattern of detecuon through time The low 
detection frequency incjlcates the presence of carbon tetrachlonde is not likely due to 
envmnmental contarmnahon but represents an mfact of the samphng and analysis methods 

Based ofi ths  evidence, carbon tetrachlonde is not included as a PCOC in OU 1 1  subsurface 
geologic matenals or ground water 

Chloroform 

Chloroform was not detected in ground water in MSS 168 However, chloroform was detected 
down gradient of IHSS 168 in low concentrations in 10 of 10 samples from bedrock well 46392, 
shown in Figure D-102 Sample data from well 46392, along with data from other wells outside 
of MSS 168, was examxned to idenhfy the ldcely source of chloroform 

0 
Well 46392 was installed in July 1992 and is screened across weathered bedrock from 65 to 80 
feet below the ground surface As shown in Figure D-103, the concentration of chloroform in 
ground water from well 46392 has decreased through tune from a lugh of 3 pg/L for a penod of 
approximately seven months after well installahon (July 1992 through February 1993) to 0 63 
pg/L in October 1994 Th~s trend suggests that the source responsible for these concentrahons is 
undergoing deplehon through dduhon, volahlization, or other m e c b s m s  

Well 46392 was installed adjacent to two older abandoned wells, 0881 and 0981 Due to the 
close proximty, sample data from these older wells was reviewed for a possible history of 
chloroform detechons in the area RFEDS records for these wells indlcate that chloroform was 
not detected in ground water from those wells dunng the perrod from August 1986 through May 
1992 Figure D-104 presents the hme senes plots of the detection limts, which was typically 5 
pg/L The lack of detection from this earlier data indxates that either (1) there was no 
chloroform prior to May 1992, or (2) if present, chloroform was below 5 pgL This information, 
coupled with the information on decreasing concentrahons in well 46392, suggests that the 
source was small and localized near well 46392 

Records of the installation and development of well 46392 were exmned to identify possible 
sources of chloroform Dnlling records show that a thread compound (‘‘Kmg Stuff ’) and drilling 1 0 

29 3/23/95 



mud were added to the borehole dunng dnlling in June 1992 Product information supplied by 
the manufacturer of “fing Stuff‘ does not indicate chloroform as a constituent, however, the 
detection limt for the product test was 0 5  pgkg, two orders of magnitude hgher than the 
sample data from OU 11 It should be noted that ths  product was deemed unsatisfactory after 
this pa,rt~cular application at well 46392 and was not used at the site agam 

0 

Analyses of two samples collected from drum cuttmgs recovered at well 46392 confirm the 
presence of chloroform in those matenals The cuttmgs are composed of geologic matenals, 
ground water, dnlling mud, and other products such as traces of thread compound Samples of 
these cuttmgs were analyzed for chloroform, with results of 45 and 96 pgkg These results can 
be compared to the concentraQon in ground water to detemne if the source of chloroform is 
solely from the chloroform in the ground water, or if the geologic matenals or the dnlling 
products are ldcely sources To compare the concentrahon of chloroform in cuttmgs to the 
concentration in ground water, it is necessary to convert from pgkg to pg/L Conservahvely 
assurmng that the cuttmgs are saturated and have a density sirmlar to water alone, 1 0 kg/L, the 
concentrahons of chloroform in drill cuttmgs are converted to ground water values of 
approximately 45 and 96 pg/L These values are more than an order of magrutude greater than 
the ground water concentrabon of 3 pg/L, indxahng that a source other than ground water is 
likely Chloroform was not detected in any geologic matenals at OU 11, and it is unlikely that it 
is the source of chloroform for h s  well Elirmnatmg the ground water and the geologic 
matenals as likely sources, it is ldcely that chloroform was inadvertently introduced in the dnlling 
mud, thread compound, or other products 

There are only two other bedrock wells in the vicinity of well 46392, well 4886 and well 5286 e 
As shown in Figure D-102 well 4886 is located in the rmddle of IHSS 168, approxmately 1700 
feet up gradient of well 46392 Chloroform has not been detected in h s  well Well 5286 is up 
gradient of the spray activities in MSS 168, approximately 3800 feet from well 46392 
Chloroform was detected at 0 2 pg/L in 1 of 9 samples from well 5286 Time senes plots of the 
data for wells 4886 and 5286 are presented in Figure D-105 The results from these two up 
grahent wells indicate that there is no ground water source of chloroform contarmnaQon in IHSS 
168 

Spray activities at MSS 168 were considered as a possible source of chloroform Chloroform is 
volatile and has a moderate water solubility of 0 5 percent Moderate volatdizahon would be 
expected during spraying or while on the ground surface Chloroform that may have reached 
ground water after volahhzation is likely to have left traces in the moisture content of subsurface 
soils However, soil samples at MSS 168 did not indicate that chloroform was present, malung it 
unlikely that spraying is the origin of the chloroform 

These findings indicate that the presence of chloroform east of OU 1 1 1s confined to one location, 
that the source was small, and that concentrations are decreasing with time The lack of 
detections in soil and ground water in IHSS 168 indicate that chloroform is unlikely to have any 
relation to West Spray Field activities and is instead an artifact of well construction Therefore, 
chloroform is not identified as a ground water PCOC for OU 1 1  1. 
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Ethvlbenzene 

Ethylbenzene was detected (2 pg/L) in one ground water sample collected from B 110889 in 
October 1992 (1 of 204 samples, <1 percent detechons) and has not been detected in any other 
sample from that well Ethylbenzene has never been detected in ground water from other 
monitonng wells in OU 11 (see Figure D-106) In well B110889, the hme-senes plot shows no 
consistent pattern of detechon through time Ethylbenzene was not detected in any of the 50 
subsurface geologic matenals samples If the ethylbenzene was associated with spray achvihes, 
more frequent detechons would be expected in the subsurface, due to vewcal rmgrahon of 
surface applied contammaaon Chermcals that are infrequently detected (less than 1 in 20) may 
be mfacts in the data due to sampling, analytrcal, or other problems, and therefore may not be 
related to site operahons or lsposal acbvihes (EPA, 1989). The low detechon frequency 
indxates the presence of ethylbenzene is not ldcely due to envmnmental contarmnabon but 
represents an mfact  of the sampling and analysis methods 

Based on th~s evidence, ethylbenzene is not included as a PCOC in OU 11 subsurface geologc 
matenals or ground water 

Hexachlorobutadiene 

Hexachlorobuta&ene was detected in ground water from Well 46392 located downgrdent of 
IHSS 168 (1 of 60 samples, 2 percent detections) (see Figure b-107) The reported concentraaon 
was below the detection lirmt (J-qualified) Hexachlorobutahene has not been detected in any 
other sample from that well and has never been detected in ground water from other monitonng 
wells in OU 11 Chermcals that are infrequently detected (less than 1 m 20) may be amfacts in 
the data due to samplmg, analyt~cal, or other problems, and therefore may not be related to site 
operaQons or disposal achviues (EPA, 1989) Hexachlorobutadiene was not detected in any of 
the 67 subsurface geologic matenals samples for OU 11 If elevated concentrahons in ground 
water were related to OU 11 spraying operahons, concentraaons of hexachlorobutadiene would 
be elevated in subsurface geologic matenals as well The low detection frequency indcates the 
presence of hexachlorobu~ene is not likely due to envlronmental contmnation but represents 
an artifact of the sampling and analysis methods 

0 

Based on ths evidence, hexachlorobutadene is not included as a PCOC in OU 11 subsurface 
geologic matenals or ground water 

Methylene Chlonde 

Methylene chloride, a common laboratory contammant, was frequently detected (18 out of 53 
samples, 34 percent detections) in geologic matenals with concentrahons ranging from 1 to 16 
pgkg and a mean concentration of 4 pgkg (see Figure D-108) Methylene chloride was present 
at concentrations above the detection limt (not J-qualified by laboratory) at depths from 15 to 70 
feet below the ground surface Methylene chloride was not detected in field QC samples 
(equipment nnsates) 
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Methylene chlonde was detected more frequently in UHSU ground water from OU 11 than any 
of the other organic compounds In 26 of 203 samples (13 percent detechons), methylene 
chlonde was reported above the detecbon limt (Figure D-109) Seven of the methylene chlonde 
results were Bqualified, indlcahng the presence of laboratory contammahon In samples of 
UHSU ground water from background monitonng wells, methylene chlonde is detected with the 
same frequency (1 1 percent) as is observed in the monitonng wells w i h n  OU 1 1 (1 3 percent) 
The concentratlons of methylene chlonde (03 to 13 pgL) are typically below the reported 
detechon lirmts (0 1 to 10 pg/L) However, detechons of methylene chlonde are not consistent 
through hme For wells where methylene chlonde has been detected, tlme-senes plots (Figure 
D-1 10) show no consistent pattern of detechon through bme Ad&tlonally, methylene chloride is 
detected 111 field and trip blanks of ground water samples sitewide (see page 2-5) The low 
detechon frequency indicates the presence of methylene chlonde is not likely due to 
environmental contarmnaoon but represents an mfact of the samplmg and analysis methods 

EPA considers acetone, 2-butanone, methylene chlonde, toluene, and the phthalate esters to be 
common laboratory contarmnants (EPA, 1989, EPA, 1992) In the OU 11 subsurface geologic 
materrals and ground water data sets only the common laboratory contarmnants are detected 
frequently On average the chemcals classified as common laboratory contarmnants were 
detected in 14 percent of the samples, across both medla However, besides the common 
laboratory contarmnants, very few organic chemcals (1 1) were detected and only at a rate of 1 7 
percent, nearly ten tunes lower than the common laboratory contarmnants Table D-2 presents a 
summary of the frequency of detecoon and the magrutude of concentrations for the common 
laboratory contarmnants and the other organic chemcals that have been positively detected 
Only chloroform (5 detectlons out of 116 samples) and trrchloroethene (1/115) were detected in 
subsurface geologic matenals samples. Benzene (4/203), carbon &sulfide ( 1/142), carbon 
tetrachlonde (1/204), chloroform (10/203), ethylbenzene (1/204), hexachlorobuuene (1/60), 
tetrachloroethene (6/204), total xylenes (1/145), and trrchloroethene (W204) were positively 
detected in ground water samples Table 5 also shows that the common laboratory contarmnants 
are found at low concentrahons near the detection lirmt Thelr frequent appearance in the 
environmental medium of OU 11 and in background and other OUs (for an example see Table 4), 
indlcates these chemcals have likely been introduced in field sampling or laboratory analysis 
activihes 

, 

I 

Based on the evidence presented in the previous paragraphs, methylene chlonde is not included 
as a PCOC in OU 11 subsurface geologic matenals or ground water 

Tetrachloroethene 

Tetrachloroethene was detected in 6 of 204 samples (3 percent detections) of UHSU ground 
water from OU 11 (see Figure D-111) Chermcals that are infrequently detected (less than 1 in 
20) may be artifacts in the data due to sampling, analytical, or other problems, and therefore may 
not be related to site operations or disposal activihes (EPA, 1989) Two of these samples (2 and 
0 3 pg/L) were collected from the same well, 4986, but tetrachloroethene has not been detected 
in samples from that well since October 1992 Both concentrations were reported as estimated 
results below the detection limit (J-qualified) The other four samples are from four different 
wells located downgrahent of IHSS 168 (46392, 46492, B110989, and B410789) At three of 1) 

I 
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these locations, tetrachloroethene was not detected in any of the subsequent ground water 
samples At one location, B410789, PCE was detected in February 1994 and subsequent results 
are currently unavalable to venfy its presence In addihon, tetracholorethene was not detected in 
any of the 55 subsurface geologic matenals samples collected at vmous depths to 105 feet 
dunng the 1994 sampling activibes If the detecuons in ground water were attrrbuted to non- 
laboratory contammation, detections in the subsurface matenals would likely exlst The low 
detection frequency indicates the presence of tetrachloroethene is not likely due to envlronmental 
contammabon but represents an mfact of the sampling and analysis methods 

a 

Tetrachloroethene is not included as a PCOC in OU 11 subsurface geologic matenals and ground 
water 

Toluene 

Toluene, a common laboratory contmnant, was frequently detected in the geologic matenals 
sampled (22 of 55 samples, 40 percent detecbons) (see Figure D-112) The concentrahons 
ranged from 1 to 25 pgkg with a mean concentrabon of 3 pgkg However, all the 
concentrabons are below 10 pg/kg with the excepbon of the maximum of 25 pgkg at the 2-foot 
interval in well 51094 Most values are below the detecbon limt of 5 pgkg 

Toluene has been detected in 5 of 204 samples (3 percent detechons) of UHSU ground water 
from MSS 168 and downgradlent wells (Figure D-113) Chemcals that are infrequently 
detected (less than 1 in 20) may be arhfacts in the data due to sampling, analyhcal, or other 
problems, and therefore may not be related to site operations or disposal activities @PA, 1989) 
In fact, toluene is reported in trrp and field blank samples sitewide (see page 2-5) Toluene was 
detected once (1 pg/L, J-qualified) in a 1990 sample from well B411389 and has not been 
detected at tlus location agam (Figure D-114) Time-senes plots show no consistent pattern of 
detection through time A water sample collected from well 50394 in September 1994 had a 
toluene concentrabon of 0 2  pg/L (J-qualified) If the concentration levels in the subsurface 
geologic matenals are attnbutable to non-laboratory contammabon, one would llkely expect the 
frequent presence of the contmnant in ground water However, there are few detechons of 
toluene in ground water (3 percent detecbons) The low detecbon frequency in&cates the 
presence of toluene is not likely due to environmental contarmnahon but represents an mfact of 
the sampling and analysis methods 

0 
I 

EPA considers acetone, 2-butanone, methylene chlonde, toluene, and the phthalate esters to be 
common laboratory contmnants (EPA, 1989, EPA, 1992) In the OU 11 subsurface geologic 
matenals and ground water data sets only the common laboratory contamnants are detected 
frequently On average the chemcals classified as common laboratory contmnants were 
detected in 14 percent of the samples, across both media However, besides the common 
laboratory contarmnants, very few organic chemcals (1 1) were detected and only at a rate of 1 7 
percent, nearly 10 times lower than the common laboratory contarmnants Table D-2 presents a 
summary of the frequency of detection and the magnitude of concentrations for the common 
laboratory contmnants and the other organic chemcals that have been positively detected 
Only chloroform (5 detections out of 116 samples) and trichloroethene (111 15) were detected in 
subsurface geologic materials samples Benzene (4/203), carbon disulfide ( 1/ 142), carbon I 
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tetrachloride (1/204), chloroform (10/203), ethylbenzene (1/204), hexachlorobutadiene (1/60), 
tetrachloroethene (6/204), total xylenes (1/145), and tnchloroethene (2/204) were posihvely 
detected in ground water samples Table D-2 also shows that the common laboratory 
contarmnants are found at low concentrauons near the detection limt Their frequent appearance 
in the environmental medium of OU 11 and in background and other OUs (for an example see 
Table D-3), inhcates these chemcals have ldcely been introduced in field sampling or laboratory 
analysis activities Toluene is not included as a PCOC in OU 11 subsurface geologic matenals or 
ground water 

Total Xylenes 

Total Xylenes were not detected in subsurface geologic matenals (0 detecbons out of 55) from 
samples collected dmng the 1994 samplmg achvities Total xylenes were detected in a sample 
collected from B110889, downgradent of MSS 168, in October 1992 (see Figure D-115) and has 
not been detected in any other sample from that well Xylene has never been detected in ground 
water from momtonng wells withm IHSS 168 (1 detechon out of 145 samples, <1 percent 
detechons) The bme-senes plot shows no consistent pattern of detechon through tune 
Chemcals that are infrequently detected (less than 1 in 20) may be mfacts in the data due to 
sampling, analyt~cal, or other problems, and therefore may not be related to site operauons or 
disposal activities (EPA, 1989) If elevated concentrations in ground water were related to 
OU 11 spraying operahons, concentrauons of total xylenes would be elevated in subsurface 
geologic matenals as well The low detecQon frequency indcates the presence of total xylenes is 
not llkely due to envrronmental contammabon but represents an artifact of the samphng and 
analysis methods Total xylenes is not included as a PCOC in OU 11 subsurface geologic 
matenals or ground water. 

0 
Trichloroethene 

Trichloroethene (TCE) was not detected in the subsurface geologic matenals sample TCE was 
detected in only two ground water samples out of 204 samples (1 percent detecbons) taken from 
1990 to 1994 (See Figure D-116) The maximum concentration was reported in Well B110989 
from a sample collected in March 1990 A concentration of 0 1 pg/L was detected in Well 
B410789 from a sample collected in February 1994 Previous samples from these wells 
(collected quarterly since 1989) do not contam detected concentrabons of TCE, and TCE has 
never been detected in ground water from other monitoring wells withm OU 11 The time-senes 
plots show no consistent pattern of detection through hme The low detection frequency 
indicates the presence of mcholorethene IS not likely due to environmental contarmnauon but 
represents an artifact of the sampling and analysis methods Trichloroethene is not included as a 
PCOC in OU 11 subsurface geologic matenals or ground water 

D.5 Other Parameters 

Cyanide 

Cyanide was detected in 1 1 of 287 ground water samples at the site (e 4 percent) Figure D-117 I 0 shows the cyanide detectlons at the site Cyanide filed the Gehan statistical test, but there are 
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quesbons regardmg the valihty of the stabstical tests for cyanide The background data set 
included three undetected records with a result and detecQon limt of 10,OOO pg/L It appears 
that the detecbon limts were erroneously reported because the detecbon limts for the remamder 
of the set are 10 pgL It is likely that the actual detecbon limt should be 10 p@, however, the 
error skews the data set so that no background cornpanson can be performed 

' 0 

The maximum detecbon at OU 1 1  was 49 pg/L in well B410589, on the southern edge of OU 11 
The maximum result in the background data set is 17 7 pg/L Four of the cyanide detecbons are 
below the background maximum, and four of the detecbons are outside the area of spray 
activibes Addibonally, cyamde was not detected at sigmficant concentrabons in surficial soils 
or subsurface soils The site hstory does not relate cyanide to the spray acbviues and the 
detecuons of cyamde (3 percent of total samples) in ground water are not reflectwe of 
contarmnabon nor is there supportmg detecbons of cyanide through the soils medla Cyamde has 
not been included on the list of PCOCs for ground water 

Nitratemitnte 

Levels of nitrate/nitnte in surficial soils are not bgh, but they do exceed the background values 
by one order of magnitude The maximum nitratdnitnte detechon at OU 1 1  is 37 mgkg whle 
the background maximum detecbon is 7 mgkg Nitratdmtnte was detected at concentraoons 
exceeding the background UTL value of 9 6  mgkg in 22 of the 53 surficial soil samples 
collected (41 percent) Nitratdnitnte faded the Slippage and Gehan tests in surficial soils The 
results of these tests are venfied graphcally in the frequency hstogrm and the box-and-whsker 
plot (Figures D-118 and D- 119), each of whch illustrate clrstrrbuhons significantly different from 
background The detecbons of nitratdnitnte are plotted on Figure D-120 The distnbution of 
nitrate/nitnte generally coincide with histonc spray activities, hstonc pipeline juncture locations 
or locations down-wind of spray actmties 

@ 

The liquids from the Solar Evaporation Ponds sprayed at OU 1 1  have been hstoncally associated 
with nitratdnitnte Based on the spatial distnbubon of mtratdnitnte, the statistical companson 
results and the site hstory, nitratelnitnte is included on the list of PCOCs for surficial soils 

Nitratelnitnte was detected in subsurface matenals throughout the site It was detected in 61 of 
67 samples (91 percent) at very low concentrations However, rutratdnitnte was not analyzed for 
in the background data set so inferential statistical tests and background compansons cannot be 
completed The maximum detection in subsurface soils can be compared to the surficial soils 
UTL as a frame of reference The 
suficial soils UTL is 9 6 mgkg The nitrate/nitrite exists in the surficial soils and exists at low 
concentrations in borehole samples There is no strong correlabon between spray areas and 
subsurface nitratehitrite detection Figure D- 12 1 shows the subsurface detections However, 
because nitratehitnte is associated with OU 1 1  history and is included as a PCOC in suficial 
soils, it will also be considered a PCOC in the subsurface This i s  a conservative inclusion 
because the hghest detection is three times less than the surficial UTL value 

The maximum concentration in subsurface is 2 mgkg 

Nitratehitrite was detected at concentrations greater than the background UTL value (6,373 
p a )  in only 5 of 209 ground water samples from OU 1 1  (2 percent) Four of the 5 detections ' I 0 
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I are from one well (4986) in the center of spray area 2 The other detection was detected at well 
50794, more than 10oO feet southwest, in spray area 1 The five detecbons exceeded the UTL by 
27 pg/L to 3427 pg/L Four of these exceedances were by less than 100 pg/L ( 4 0  percent) The 
maximum detecbon of mtratdnitnte in the OU 1 1  vicinity was actually upgradient of the OU at a 
concentrabon substanbally hgher than the site detections, but still only twice the background 
UTL value Figure D-122 shows the mtratdmtnte detecbons at the site and upgradient 

0 

Nitratdmtnte in ground water I d  not fa1 any of the inferenbal stabstical tests, indicating that the 
OU 1 1  concentrabons are not stabshcally hfferent from the background data set detecbons The 
hstogram and box-and-whlsker plots (Figures D-123 and D-124) graphlcally support the 
statisbcal results 

The observahon that the well with 4 of the 5 rutratdmtnte detecbons is in the center of spray area 
2 may inIcate an associabon with the spray achvibes However, ume senes plots (Figure D- 
125) dlustrate errabc concentrabons, randomly occumg over tune Ths  pattern is not 
inhcahve of even low-level contammahon in the ground water system The majonty of the 
fluctuabons shown are below the background UTL An adhbonal observabon on the 
mtrate/mtnte in ground water is that all of the five detecbons fall below the range of values 
detected in the background wells The range of detecbons at OU 1 1  is 6400 to 9800 kg/L The 
background detecbons range from 9300 pg/L, to 12,000 pg/L Finally, the ground water 
detechons are not correlated with the maximum concentrahons in the subsurface, as would be 
expected with contarmnant rmgrabon In conclusion, the detecbons of nitratehtnte in OU 1 1  
ground water are not indicative of wide-spread site contarmnation and the analyte is not included 
on the PCOC list for ground water I 0 
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Table D-1 
Risk-Based Concentration Screen for the OU I 1  Source Area 

Residential Exposure 

0 43 

3 4  
2 2  

AMERICIUM-241 
PLUTON IU M-239Q4O2 
TRITIUM 

SS102094 2 37E+00 

51294 147E+04 
SS102094 3 42E+00 

- 
- 
- 

0 18 
064 

0 00023 

Other Parameters (mglkg) 
NITRATE./NITRITE3 

' Pmgrammattc Preliminary Remediatm Goals (PPRGs) are frwn DOE (February 1995) Residenbal soil PPRGs were used for a n a m  In soil (0 to 12 fee4) 

' The PPRG for plutonium-240 was used because it is more consenrabve than the PPRG for plutonium-239 
PPRGs are reported in the units wad for each analyte group 

The PPRG for nitrate was u ~ e d  because nitrate is the dominant speaes present. 
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Figure D-2 
Background vs OUll UHSU Groundwater 

Atusinurn in Groundwater (Total) 
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Figure D 4  
Time Senes Plot - Total Aluminum 
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Figure D-7 
Background vs OUll Surface Soil 

Arsenic in Surface Soil (8 to 2 inches) 
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Figure D-9 
Time Series Plots - Total Arsenic 
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Figure D-I 1 
Time Series Plots - Total Barium 
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Figure D-14 
Time Senes Plot - Total Beryllium 
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Figure D-20 
Time Series Plots - Total Chromium 
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Figure D-23 
Background vs W11 Subsurface Geologic Materials (0' - 12') 
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Figure D-26 
Time Series Plots - Total Cobalt 
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Figure 0-29 
Background vs OUll Surface Soil 

Copper in  Surface Soil (0 t o  2 inches) 
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Figure 0-31 
Time Series Plots - Total Copper 
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Figure D-33 
Background v5 OUll UHSU Groundwater 

Iron in Groundwater (Total) 

I 

t 

t 
+ 

I_ 
BKGD SITE 

Groundwater samples within and downgradient of IHSS 168 



7 5 1 4 0 0  7 5 0 7 5 0  7 4 3 0 0 0  74600 

i 
! 

! 
i 

t 
i 

i 
-1 

3 
3 

z 
z: 
? 

c 



a 

MEP C \ WLL-TS XLS Alummum BaVl(nnn Iron 3/21/95 

Figure D-35 
Time Series Plot - Total Iron 
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Figure D-39 
Time Series Plots - Total Lead 
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Figure D-41 
Background vs OUll UHSU Groundwater 

Magnesium in Groundwater (Total) 
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Figure D-43 
Time Series Plot - Total Magnesium 
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Figure 0-45 
Background vs OUll UHSU Groundwater 

Manganese in Groundwater <Total> 
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Figure D-51 
Time Series Plots - Total Mercury 
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Figure D-56 
Background vs O U l l  UHSU Groundwater 

Potassium in Groundwater (Total) 
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Figure D-63 
Background vs W11 UHSU Groundwater 

Tin in Groundwater (Total) 
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Figure D-66 
Background vs OUll UHSU Groundwater 

Vanadium in Groundwater (Total) 
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Figure 0-70 
Background vs OUll UHSU Groundwater 

Zinc in Groundwater <Total) 
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Figure 0-71 
Time Series Plot - Total Zinc 
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Figure D-72 
Background v5 OUll Subsurface Geologic Materials 
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Figure D-80 
Time Series Plot - Total Americium-241 
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Figure D-83 
Time Series Plots - Total Tritium 
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Figure 0-93 
Time Senes Plots - Total 2-Butanone 
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Figure D-96 
Time Series Plots - Total Acetone 
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FlgUw 0-98 
Time Series Plots - Total Benzene 
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Figure 0-100 
Time Series Plot - Total Carbon Disulfide 
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Figure 0-103 
Time Series Plot - Total Chloroform 
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Figure 0-104 
Time Series Plots - Total Chloroform 
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Figure D-105 
Time Series Plots - Total Chloroform 
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Figure D-1 10 
Time Series Plots - Total Methylene Chloride 
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Figure D-114 
Time Series Plot - Toluene 
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Figure D-I19 
Background vs OUll Surface S o i l  

Nitrate/Nitrite in Surface S o i l  (0 to 2 inches) 
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Figure 0-124 
Background vs W11 UHSU Groundwater 

Nitrate/Nitrite in Groundwater (Total) 
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Figure D-125 
Time Series Plot - Total NitratelNitrite 
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APPENDIX E 

Evaluation of Dermal Contact 



I APPENDIX &EVALUATION OF DERMAL CONTACT 

7@ Thu document presents results of the dermal contact evaluation for residential exposure to 
surface soil m the OU 11 source area As discussed in Section 6 0 of the OU 11 CDPHE Letter 
Report, Companson of Ratio Sums to CDPHE Conservative Screen Decision Cntena, any 
source area that has a ratio sum less than or equal to 1 warrants no further action by DOE, 
pendmg results of a dermal contact evaluation 

To conduct the dermal contact evaluation for OU 11, maxmurn values for potential contaminants 

of concern (PCOCs) 111 sulrace soil (0 to 12 feet) in the OU 11 source area (all had a 
maxmum PPRG ratio less than or equal to 1) were compared to nsk-based concentrations 
(RBCs) based on dermal contact [dermal RBCs] Carcmogeruc and noncarcinogemc dermal 
RBCs were calculated usmg the followmg equauons 

TR 
ED x SFr x EF x SA x ABF, x ADF x CFr 

RBC-c (PCrlg) = 

TR x ATC x BW 
ED x SF x EF x SA x ABF x ADF x CF 

RBC-C (mglkg) = 

THI n ATN x BW 

ED x - x E F x  SA x ABF x ADF x CF 
RBC-NC (mglkg) = 

4D 

Exposure parameters for dermal contact with surface soil in a residential exposure scenano were 
provided by EG&G (DOE 1995) and are defined and presented in Table E-1 Dermal RBCs for 
each PCOC in OU 11 source area surface soil (0 to 12 feet) are presented in Table E-2 

All maximum concentrations or activities for PCOCs in surface soil in the OU 11 source area 
were below the dermal RBCs (Table E-3) Results of the companson of concentmoons and 
activities of PCOCs in OU 11 source area surface soil to dermal RBCs confirm that dermal 
exposure is not a sigruficant exposure pathway for OU 11 and that OU 11 is a candidate for no 
action in accordance with the CDPHE/EPA/DOE Risk Assessment Agreement 
(CDPHE/EPA/DOE 1994) (Figure 1-2 of the OU 11 CDPHE Letter Report) 

DOE 1995 Programmatic Risk-Based Preliminary Remediation Goals, Final, Revision 2 Rocky Flats Environmental 
Technology Site, Golden, Colorado U S Department of Energy February 

0 EPA 1989 Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part A) 
EPA/540/1-89/002 U S Environmental Protectlon Agency Office of Emergency and Remedial Response 
Washington, D C December I 

1 dermal app E- 1 

I 
~ 

DRAFT 
March 1995 
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