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10 INTRODUCTION

The purpose of this document Is to present an overview of the Chemicals of Concern (COC)
selection process for Rocky Flats Environmental Technology Site (RFETS) Operable Unit 3 (OU 3)
by presenting the methodology used to select COCs in TM 4 (DOE, 1994) The discussion of the
process will focus on the list of COCs provided by EPA in their comments on TM 4 (EPA, 1995)
Little emphasis 1s given to the selection of COCs for surface solls (IHSS 199) because there were
not comments by EPA on the surface soil COCs Information regarding the selection of COCs In
surface soils 1s provided in Sections 3 0 and 4 0 of TM 4 (DOE, 1994)

The COC selection process identifies the chemicals detected in OU 3 that contribute significant
potential risks to human receptors The objective of the process is to identfy those chemicals In a
particular medium that, based on concentration and toxicity, contribute significantly to nsks
calculated for exposure scenanos involving that medium (EPA, 1989) The COCs will be used in
the HHRA for OU 3 to quantify nsks associated with exposure to environmental media The COC
selection process was agreed upon by EPA, CDPHE, and DOE and i1s based on Risk Assessment
Guidance for Superfund (EPA, 1989), the Rocky Flats IAG between the State of Colorado
(CDPHE), the U S Environmental Protection Agency (EPA), and the Department of Energy (DOE),

January 1991 (1AG,1991), and site-specific guidance (CDPHE/EPA/DOE, 1994, CDPHE/EPA, 1993,
DOE, 1993a, EPA, 1994)

The COC selection process, as specified by the EPA, CDPHE, and DOE, is outlined in Figure 1-1
and includes the following steps

Statistical companson of site data to background data (Section 2 0)

. Elimination of essential nutrients (Section 3 0)

. Elmination of chemicals detected infrequently (less than 5 percent detection
frequency) and less than 1,000 times a nisk-based concentration (Sections 4 0
and 50)

. Concentration-Toxicity screen (Section 6 0)

. Companson to Prehminary Remediation Goals (PRGs) (Section 7 0)

. Weight-of-evidence evaluation (Section 8 0)
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According to the RFETS COC selection process guirdance (CDPHE/EPA/DOE, 1994), COCs are
selected using all data, for a particular medium, from an operable unit However, for OU 3, the
selection of COCs on an OU-wide basis Is not appropnate based on spatial, exposure, physical
processes, and hydrologic differences (A discussion of these factors 1s provided in Subsection 2 1)
Therefore, on the basis of these factors, the remaining sections address the selection of COCs on
an IHSS-by-IHSS basis

20 STATISTICAL COMPARISON TO BACKGROUND

The purpose of this step of the COC selection process 1s to identify chemicals with concentrations
or activities iIn OU 3 that are significantly greater than corresponding concentrations or activities In
background The term "background data” 1s used to represent the data collected and summarnzed
in the BGCR (DOE, 1993c¢) and the Rock Creek surface soil data used in the statistical companson
tests The statistical comparison methodology includes a data-presentation step and a senes of
statistical companson tests that are performed for each analyte The statistical methodology for
OU-to-background comparisons was agreed upon by EPA, CDPHE, and DOE (DOE, 1993a, EPA,
1993, DOE, 1994a, EG&G, 1994) and i1s based on site-specific guidance developed by Gilbert
(1993)

21 Selection of Data Sets

All chemical data collected duning the OU 3 field sampling program, as well as supplemental
chemical data (Jefferson County Remedy Acres surface soil data and 1983/1984 sediment data
from Great Western Reservoir and Standley Lake), were considered initially for the COC selection
process During the February 14, 1994 meeting, the treatment of subsurface core data in the COC
selection process was discussed It was decided by all parties that if the core data are not
associlated with an exposure pathway, the data do not need to be compared to background data for
the nsk assessment Subsurface sediments in Great Western Reservoir were included because of
the possibility that the reservoir may be drained and could be converted to residential, recreational,
or commercial/industnal land uses thereby disturbing the subsurface sediments durnng construction
activities

Statistical tests are performed only after the data have been prepared and meet requirements for

statistical analysis (Gilbert, 1993, CDPHE/EPA, 1993, DOE, 1993) After evaluating the OU 3 and
existing background data sets (1 e, groundwater, sediment, and surface-water background data in
Background Geochemical Charactenzation Report [BGCR] [DOE, 1993c] and Rock Creek surface-

soll background data [DOE, 1993¢]), the statistical comparison methodology was only used for
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OU 3 surface-soil data The explanation why the statistical tests were not applied to specific media
was presented in the May 3, 1994 meeting and i1s described in the following paragraphs

The comparability of data sets for ngorous statistical tests i1s important for rehable statistical findings
(Gilbert, 1993) The results of the statistical tests using the background and OU 3 data sets in the
BGCR (DOE, 1993c) for sediment, surface water, and groundwater were not plaustble or
conclusive This consideration is based on a variety of factors OU 3 data sets for reservoir
sediments and surface water represent different environmental conditions and flow regimes than
the stream background data sets -- no reservoir background data were avalable The majority of
OU 3 samples for surface water and sediment were collected from reservors, and the BGCR data
for sediment and surface water were collected from streams Too few surface water samples were
collected In the streams In each IHSS (eight total samples for all three IHSSs combined) and the
stream sediments (8, 14, and 4 samples respectively for IHSS 200, 201, and 202) to perform a
valid statistical analysis on an IHSS-by-IHSS basis The Gilbert process statistical tests were
evaluated in a preliminary fashion for the stream sediment data, however, as Gilbert suggests, the
results were determined tmplausible based on the reasons provided in Table 2-1 (this information
was discussed during the May 3, 1994 meeting with EPA, CPDHE, and DOE)

While the background groundwater data set 1s composed of data collected from 49 wells (157 total
samples), the OU 3 groundwater data were obtained from only 2 wells (sampled eight times each)
Rigorous statistical comparisons would not be valid when comparing the results of 2 wells to

49 wells In addition, the wells designated as background represent different environmental
condritions and groundwater flow regimes Also, the groundwater data were not collected to
characterized the aquifers within OU 3 Groundwater sample analyses results from the two
monitoring wells exihibit differences in groundwater chemistry between the two well locations The
results show differences from the wells in the BGCR (DOE, 1993) which are likely due to variations
in water chemistry exhibited by different aquifers Since the OU 3 monntoring wells are located in
different hydrogeologic conditions than the BGCR wells, the data are not directly compatible
These results are illustrated on the Piper diagram presented in TM 4 (see Figure 8-13) and were
discussed in the May 3, 1994 meeting

It should be noted that it 1s possible to conduct the statistical tests for these media There are at
least four samples for most media by IHSS (see Table 2-1) and it 1s possible to run the Gilbert
process with so few samples even though the power of the tests may not provide a good level of
comfort However, the uncertainty introduced by so few samples regarding the results of the tests
1s likely greater than the uncertainty in the WOE Evaluation The WOE Evaluation uses a variety of
information and analyses rather than tests that may or may not accurately reflect conditions at QU
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3 The results of the statistical tests would be inconclusive or implausbile based on knowledge of
condions 1n OU 3 As is allowed for in Gilbert s flow chart, the WOE evaluaiton would be

performed

According to the RFETS COC selection process guidance (CDPHE/EPA/DOE, 1994), COCs are
selected using all data, for a particular medium, from an operable-unt However, for OU 3, the

selection of COCs on an OU-wide basis i1s not appropnate based on spatial, exposure, physical

processes, and hydrologic differences Therefore, COCs were selected on an iHSS-basis The

following points support selection of COCs on an IHSS-by-IHSS basis

COC WP5

Performing the concentration-toxicity screen on an IHSS-by-IHSS basis is the most
conservative approach because it provides opportunity for more compounds to be
retained as COCs In the detection-frequency screen Non-detected data from one
IHSS may contribute to lower the overall detection frequency below five percent
and eiiminate the chemical as a COC Because of this artifact, a chemical detected
greater than five percent of the time 1n one IHSS, may be eliiminated as a COC

Performing the concentration-toxicity screen on an IHSS-by-IHSS basts 1s the most
conservative approach because it provides opportunity for more compounds to be
retained as COCs in the concentration-toxicity screen  For the entire OU data set,
the maximum concentrations for arsenic and beryllium would represent the top 99
percent of the concentration-toxicty score excluding many other chemicals
However, in IHSSs that have smaller maximum concentrations, other chemicals
may contnibute to the top 99 percent of the concentration-toxicity score and pass
the screen (1 e, be retained) As an example, the maximum arsenic sediment
concentrations are as follows 9 4 mg/kg in IHSS 200, 17 7 mg/kg in IHSS 201,
and 10 4 mg/kg 1n IHSS 202 Using the arsenic concentration in IHSS 201 as the
maximum OU 3 arsenic concentration, it would contribute almost 50% more to the
concentration-toxicity score than i the 9 4 mg/kg and 10 4 mg/kg values were used
on an individual IHSS basis

Each IHSS represents a distinct geographic location that is 1 to 2 miles from the
other IHSSs From a demographic and exposure perspective, different
populations would likely frequent different reservoirs and it 1s not reasonable to
aggregate the data in manner that 1s inconsistent with exposure patterns
Consideration of population dynamics 1n the HHRA 1s discussed in EPA Guidance
(EPA, 1989)
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. Potential background, RFETS-related, and other anthropogenic sources of metals
concentrations are different (e g, Clear Creek Superfund site, mineral deposits,
other commercial, industnal, or agricultural sources) These factors introduce much
uncertainty when making comparisons to background by the Gilbert process or the
WOE evaluation

. The source of water for each IHSS are from different watersheds Mower
Reservorr receives 100 percent of its water from the RFETS drainage basin, while
Great Western Reservoir receives only 25 to 35 percent and Standley Lake
receives only 5 to 10 percent

. Exposure scenarios will differ between the IHSSs For example, Great Western
Reservoir may be drained, exposing the surface and potentially the subsurface
sediments, while Standley Lake and Mower Reservoir will continue to be used for
drinking water and irngation purposes Further, Standley Lake i1s widely used for
recreation while Great Western 1s not and Mower 1s privately owned and used
mainly for irngation

The abilty to effectively communicate nsk to the public will be complicated by OU 3-wide COCs
For example additional effort would be required to explain to the public that plutonium in Standley
Lake s not a problem (1 e , no ®**°Pu activities exceed the 10 ® PRG), when 1t has been identified
as a COC COCs identified in each IHSS accomplish the purpose of the COC selection process--
focus the assessment on those chemicals that will contnbute significantly to potential risks

2 2 Data Presentation

The data-presentation step, as recommended by Gilbert (1993), I1s used to enhance the
understanding and interpretation of the statistical tests, it graphically displays the background and
OU 3 data sets and compares the magnitude, vanabilty, and degree of their overlap Several
graphical data-presentation techniques were used to display the background and OU 3 data,
including hustograms, box plots, and probability plots Probability plots are also an important
component of the WOE evaluation (see Section 8 0)

2 3 Statistical Tests

Five statistical tests were performed only for the surface soil data for each analyte
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Hot-Measurement test
Gehan test

Quantile test

Shippage test

t-test

A Hh W N -

If any one of the statistical tests performed for a given comparison indicated a significant difference
between OU 3 and background data, then the analyte was considered to be a Potential Chemical
of Concern (PCOC) and professional judgement was apphed to determine if the statistical resuits
were plausible (Gilbert, 1993) Each of these statistical tests 1s based on different statistical
hypotheses and assumptions The purpose and method of each statistical test are briefly described
in the following subsections The hypothesis tested, test description, and assumptions made for
each statistical test are described in detail A description of these tests 1s provided in Subsection
312 1inTM 4 (DOE, 1994) Results of the statistical companson tests are presented in Appendix B
of TM 4 (DOE, 1994)

2 4 Professional Judgement

The background-comparison methodology as developed by Gilbert (1993), emphasizes evaluating
the output of all statistical tests using professional judgement to determine if the results of the tests
indicate contamination at the OU -- professional judgement 1s applied "to provide supporting
evidence for accepting or rejecting the results of the screeming and statistical tests " Specific
guidance from EPA and CDPHE (EPA/CDPHE 1993) limits this step to the following types of data

evaluations
. Spatial distnbution—-tools such as spatial plots and compound-specific mobility
considerations
. Temporal distribution-tools such as time-sernes plots
. Pattem-recognition concepts—tools useful in identifying anomalies as well as

confirming "fingerpnnt” associations

The concepts discussed by Gilbert and included in the EPA-approved strawman were applied in the
WOE Evaluation (performed as the last step of the COC selection process (Section 8 0)
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30 ESSENTIAL NUTRIENTS

The following inorganics were eliminated from all environmental media by this step of the COC
selection process

. Calcium

. lron

. Magnesium
. Potassium
. Sodium

These nutnents are eiminated because they are considered an essential element in the diet (EPA,
1989)

if the EPA Region Vil Identficationof Contaminants of Concern guidance (EPA, 1994) (companng
OU 3 concentrations to the recommended daily allowance and safe and adequate daily intake
values) is followed, manganese, zin¢, and copper would also be eliminated as COCs at this step
TM 4 does not reflect the use of this gurdance--these chemicals were eliminated in other steps of
the COC selection process

40 DETECTION FREQUENCY

Chemicals that are infrequently detected may be artifacts in the data because of sampling or
analytical problems and therefore may not be site-related (EPA, 1989) Detection frequencies for
each chemical not eliiminated by the first two steps of the COC selection process were evaluated by
medium and IHSS Chemicals that were not detected in any samples within a medium and 1HSS
were eliminated as COCs for that medium and IHSS Chemicals detected in less than § percent of
the samples tor a medium within an IHSS were dentified and further evaluated in an RBC
comparison as described in Section 50

Berylhum in Well 49292 was not detected in any of the eight samples and, therefore, was
eliminated as a COC Arsenic, beryllium, 239/240-plutonium, and 233/234-uranium in IHSS 200,
201, and 202 sediments and in IHSS 200 groundwater (Well 49192) were all detected greater than
five percent of the time These PCOCs are discussed in Section 6 0
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50 RBC COMPARISON

Each chemical that had a detection frequency between zero and 5 percent was further evaluated to
determine if the samples with results above detection mits represent potential areas of localized
contamination For this step, the maximum detected value for each chemical was compared to a
Risk-Based Concentration (RBC) (RBCs are the same as PRGs, therefore, the term PRG will be
used for the remainder of this document to eliminate confusion) The PRGs used In this step are
based on a residential exposure scenario for surface soil, sediment, and groundwater and were
calculated based on the methodology presented in Programmatic Preliminary Remediation Goals

(DOE, 1994b) For surface water, the PRGs are based on a recreational exposure scenaro
because any exposure to unfiltered surface water 1s assumed to occur through recreational use of
the reservoirs  If the maximum detected value did not exceed 1,000 times the PRG, the chemical
was eliminated as a COC No chemicals in the OU 3 database (regardless of detection frequency)
were found at levels 1,000 times the PRG Thus, temporal analysis was not performed on any
analyte and there are no special-case COCs for OU 3

Chemicals without oral and inhalation toxicty values cannot be evaluated in the PRG screen
These chemicals were evaluated in the weight-of-evidence evaluation described in Subsection 3 7
of TM 4 and all were ehminated based on the resuits of the WOE process

6 0 CONCENTRATION-TOXICITY SCREEN

The concentration-toxicity screen is used to identify the chemicals within each medium and IHSS
that are most likely to contribute significantly to nsks (ie , the top 99 percent of the nsk) The
concentration-toxicity screen is performed for each medium by each of the three IHSSs in OU 3
The concentration-toxicity screen was performed following EPA guidance (EPA, 1989) However,
the EPA Region Vill Contaminants of Concern Identification guidance (EPA, 1994) was also
followed in that all chemicals exceeding a PRG were retained as PCOCs

The first part of the screen was to calculate an individual nsk factor for each chemical not
eliminated by previous steps in the COC selection process The chemical nsk factor was calculated
either by multiplying the maximum chemical concentration by the corresponding slope factor for
carcinogens, or by dividing the maximum chemical concentration by the corresponding reference
dose (RfD) for chemicals with noncarcinogenic effects For chemicals with both oral and inhalation
toxicity values, the more conservative toxicity factors (1 e , greater slope factor for carcinogens and
lower RfD for chemicals with noncarcinogenic effects) were used to calculate the chemical nsk
tactors
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The individual nsk factors were then summed by medium and IHSS to obtain a total nsk factor,
according to the end point of toxicty (carcinogenic or noncarcinogenic effects) Radionuclide and
nonradionuclide chemicals were summed separately because units for slope factors and
concentrations/activities in environmental media are different for these two classes of chemicals
The ratio of each individual chemical risk factor to the total nisk factor approximates the relative nisk
for that medium and IHSS due to each chemical The chemicals whose combined ratios sum to

0 99 (99 percent) of the total nisk were considered likely to contribute significantly to the overall nsk
All other chemicals, except those with maximum concentrations exceeding the PRG, were
eliminated as COCs

Chemicals without oral or inhalation toxicity values cannot be evaluated in the concentration-toxicity
screen step The chemicals without toxicity values that were detected in OU 3 were evaluated
further using a weight-of-evidence evaluation to determine if levels of the chemicals in OU 3 were
elevated over background conditions The results of this evaluation are included in the discussions
of the weight-of-evidence evaluation in Subsections 5 6, 6 6, and 7 6 of TM 4 for sediment, surface
water, and groundwater, respectively

The results of the concentration-toxicity screen are included in Appendix D of TM 4 (DOE, 1994)

The following PCOCs passed the concentration-toxicity screen and were retained as PCOCs

. 2'Am in sediment (all IHSSs)

. 21Am In subsurface sediment (IHSS 200 only)

. Arsenic and berylium in IHSS 200, 201, and 202 sediment
. Arsenic and berylhium in IHSS 200 subsurface sediment

. Arsenic and berylium in IHSS 200 groundwater

. Arsenic In IHSS 201 groundwater

. U-233/234 in IHSS 200 groundwater

. U-233/234 in IHSS 201 groundwater

Again, beryllum was not detected in IHSS 201 groundwater

70 PRG SCREEN

The chemicals remaining at this point in the COC selection process were evaluated further using
the PRG screen The PRGs were calculated based on the methodology presented in
Programmatic Preliminary Remediation Goals (DOE, 1994b) and included in Attachment 1 of

Appendix E of TM 4 (DOE, 1994) Any chemicals with maximum detected values less than the
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corresponding PRG were eliminated as COCs However, chemicals with maximum detected values
greater than a PRG (regardless if they passed or falled the concentration-toxicity screen) were
carried through the weight-of-evidence evaluation described in Section 3 7 of TM 4 (DOE, 1994)
and Section 8 0 of this document This step 1s consistent with the EPA Region VIl guidance (EPA,
1994) In retaining chemicals in the nsk assessment that exceed the PRG Beryllium in [HSS 200
surface sediments i1s the only chemical which failed the concentration-toxicity screen and is greater
than the PRG Beryllium was eliminated in the WOE evaluation

The results of the PRG screen are included in Appendix E of TM 4

The following PCOCs maximum concentrations do not exceed the PRG and were eliminated as
COCs

. Americum-241 in surface sediment for IHSS 200 (maximum activity = 0 2 pCvg),
IHSS 201 (0 1 pCv/g), and IHSS 202 (0 1 pCvg) do not exceed the residential PRG
(2 37 pCig)

. Americum-241 1n subsurface sediment for IHSS 200 (1 0 pCr/g), does not exceed

the construction scenario PRG (655 pCrg)

. Arsenic In IHSS 200 subsurface sediment (maximum concentration = 10 4 mg/kg)
does not exceed the construction scenano PRG (681 mg/kg)

. Uranium-233/234 1n IHSS 201 groundwater does not exceed the residential PRG
(087 vs 298 pCil)

The following PCOCs maximum concentrations do exceed the PRG and are assessed in the WOE

Evaluation
. Arsenic In IHSS 200, 201, and 202 surface sediment (9 4, 17 7, and 10 4 mg/kg vs
0 37 mg/kg)
. Beryllum in IHSS 200, 201, and 202 surface sediment grab samples (1 6, 1 6, and
15 mg/kg vs 0 15 mgkg)
. Arsenic and Berylllum in IHSS 200 groundwater (6 9 ug/LL vs 0 05 ug/L for As and
16 ug/Lvs 002 ug/l)
COC WP5 Page 12 1/18/95 (1 06pm)



. Arsenic 1in IHSS 201 groundwater (3 8 ug/L vs 0 05 ug/L)

. Uranium-233/234 1n IHSS 200 groundwater (4 6 vs 2 98 pCilL)

Beryllium was not detected (zero detections out of 8 samples) in IHSS 201 groundwater

The results of the PRG screen for sediment, surface water, and groundwater are included in
Appendix E of TM 4

8 0 WEIGHT-OF-EVIDENCE EVALUATION

8 1 introduction

Gilbert (1993) recommends the use of professional judgement to "provide supporting evidence for
accepting or rejecting the results of the screening and statistical tests The basic question1s Do
the results of the statistical tests make sense in light of what 1s known about the geology,
hydrology, and geochemistry of the OU?" Gilbert considers whether the underlying assumptions for
performing the statistical tests are valld Because some of the underlying assumptions were not
met and the results of the tests were considered inconclusive (see Subection 2 1), the Gilbert
process was not performed for sediment, surface water, and groundwater In order to assess
whether the OU 3 concentration data was significantly different from background an alternative
approach for comparing site to background data was used for sediment, surface water, and
groundwater The alternative approach is referred to as the "weight-of-evidence evaluation”
because it relies on a series of data evaluation steps and involves the use of professional scientific
judgement The WOE evaluation involves the application of a variety of data analysis techniques in
lieu of a ngorous, quantitative statistical testing scheme These techniques correspond with the
EPA-accepted professional judgement analytical techniques (ie , spatial analysis, temporal analysis,
and pattern recognition) The use of the WOE Evaluation for groundwater, surface water (streams
and reservoir), and sediment (streams and reservoir) data and the reasons why the application of
the statisticals was not appropnate were discussed at the May 3, 1994 meeting with EPA, CDPHE,
and DOE (see Attachment 3) EPA and CDPHE committed to discuss the use of the WOE
Evaluation approach for metals with their internal resources and provide input to DOE by May 10,
1994 No mput from EPA or CPDHE was received However, to meeting the IAG schedule
commitments, the COC selection process proceeded without additional input

Following the Gilbert process allows for application of professional judgement arguments after the
performance of the statistical tests (see Figure 8-1) Because the results of the statistical tests
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were implausible and inconclusive for sediment, surface water, and groundwater, only the
professional judgement steps of the Gilbert process were used for those media Regardless
whether the WOE Evaluation was applied as the first step in the process or the last, the resulting
COCs would be the same (see results of the CDPHE Conservative Screen for OU 3 where the
WOE step was used first In selecting PCOCs) [f applied first, arsenic and berylium would be
eliminated as PCOCs before the concentration-toxicty and PRG screens |f the WOE evaluation 1s
apphed last, these chemicals would be eliminated as PCOCs

This section discusses In detail the WOE evaluation for the chemical concentration data for the
following chemicals included as COCs in EPA’s informal review comments memo (EPA, 1994a)

. Arsenic and berylhum in sediment
. Arsenic and beryllium in groundwater
. 2324 1n groundwater

Much of this information is included in TM 4 (DOE, 1994) and also Is discussed in the Response to
Comments (Attachment 1) However, this document contains additional information that has been
added to help clarfy the WOE evaluation results

8 2 Weight-of-evidence Evaluation Process
The weight-of-evidence evaluation i1s consistent with those professional judgement evaluations

approved by EPA in their October 25,1993 memorandum commenting on the Strawman (DOE,
1993, EPA, 1993) document of the Gilbert process These professional judgement evaluations

include
. Spatial analysis combined with the evaluation of physical processes affecting
deposition and the evaluation of contnibution of various water sources to OU 3
reservorrs
. Temporal analysis of data to identify seasonal vanations or sampling anomalies
. Pattern recognition

Additionally, to supplement the analyses above, several other evaluation steps were performed

. Evaluation of data populations using probability plot analysis
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. Compansons of means, standard deviations, and ranges of OU 3 concentration
data to concentration data from the Background Geochemical Characterization
Report (BGCR) (DOE, 1993c)

o Compansons of means, standard deviations, and ranges of OU 3 concentration
data to benchmark concentration data The benchmark data collection activities are
described in Subsection 8 3

. Companson to the CDPHE Phase | Public Health Exposures Studies Matenal of
Concern ist This comparison was not used to eliminate COCs and was performed
after the identrfication of the COCs was complete The purpose was solely to
support the decision that had already been made

Spatial Analyses

Spatial analyses were performed for analytes iIn OU 3 sediments by evaluating patterns of
concentrations at discreet sample points in each IHSS Analytes showing a distinct spatial
onentation rather than being randomly distributed may be designated as potential sources or
potential hot spots The physical processes, for example, sedimentation near the inflow of a stream
into a lake, affecting concentration distnbution and the contribution of various water sources to

OU 3 reservoirs are considered

Temporal Analysis

The PCOC concentration data in sediment were also evaluated over time to discern any anomalous
trend or pattern Concentration levels shamply elevated at one point in time may indicate a historical
release event contnbuting to concentrations above background Sediment core profiles (Figure 8-5)
were analyzed for some analytes to evaluate if possible patterns existed throughout the sediment
layer Analyte profiles with discernible peaks may indicate source discharges from the RFETS or
other sources of contamination

Probability Plot Analysis

A software package, PROBPLOT, was used to assess populations within the OU 3 data sets (see
Appendix A) PROBPLOT i1s conventionally used in the minerals exploration industry to guide
investigators seeking anomalous mineral deposits (1 e , significantly above background) for
extraction (Sinclair, 1986, Sinclair, 1976, Stanley, 1987) Concentration data (detects only) for
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those chemicals with sufficient data (15 samples above detection imits for a given analyte and
IHSS) were lognormally transformed and plotted on a cumulative frequency graph Based on the
cumulative frequency distribution, the number of populations for a given data set were identified If
one population was identified, it was inferred to represent a background population based on the
comparison to background and benchmark data and the physicochemical processes occurnng in
the reservoirs  If two populations existed, it 1s possible that the higher population 1s the result of
contamination With two populations having low concentrations and concentrations that do not vary
significantly between each other, however, the two populations may be explained by natural
physical processes and not necessarly contamination

Comparison of OU 3 Data to Benchmark Data

The three steps described above (spatial, temporal, and probability plot analyses) all indicate that
concentrations of arsenic in OU 3 surface sediments are representative of naturally occurring
conditions rather than contamination To confirm this conclusion, concentrations of arsenic in
surface sediments for each of the three IHSSs were compared to available background and
Iterature benchmark data Thus final step in the weight-of-evidence approach involves comparing
the OU 3 data to background and benchmark data in a less formal, quantitative manner than using
the five statistical tests included in the Gilbert methodology However, it 1s important to remember,
this step alone cannot eliminate arsenic as a COC The benchmark data companson in conjunction
with the other weight-of-evidence evaluations provides the rationale that arsenic is not a COC

The results of the evaluation steps were considered together to assess if a chemical was retained
as a COC - the results of one evaluation step did not, by tself, charactenze a chemical as a COC
or eliminate a chemicals as a COC Applying multiple evaluation steps is similar to the reasons for
Gilbert’s recommendation of using a family of statistical tools because no one statistical test exists
that can adequately address the various types of data charactenstics (Gilbert, 1993) To eliminate
chemicals as COCs by this step, convincing evidence was needed to support the conclusion that
detected levels of the chemical in OU 3 are representative of background conditions If convincing
evidence were not provided, the chemical is retained as a COC

8 3 Benchmark Data Collection Activities
A search was performed to gather benchmark literature data for the companson of OU 3 sediment

and surface-water data More than 20 sources were contacted to obtain benchmark data for
sediments and surface water, as shown in Table 8-1
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The term "benchmark data” is used in TM 4 to represent the data compiled from literature and
other data sources referenced in Table 8-1 to represent background conditions within the Front
Range and Colorado The data-gatherning effort focused on obtaining reservoir and lake data in the
Front Range and Colorado

Benchmark data differ from background data sets, which are appropriate for statistical companson
The term "background data” 1s used to represent the data collected and summarized in the
Background Geochemical Characterization Report (DOE, 1993¢) and the Rock Creek surface soil

data Data from the Background Geochemical Charactenzation Report were used to make
companisons to OU 3 data in the weight-of-evidence evaluation The Rock Creek soil data were
used in the statistical comparison tests

The benchmark data that were pnmarily used for sediment comparisons include four lakes tn the
Rocky Mountain National Park Lake Husted, Lake Louise, Lake Haiyaha, and the Loch (Het, et al ,
1984) Based on a professional judgement assessment, these lakes were not likely influenced by
man-made sources of contamination Sediment data were also available from Cherry Creek
Reservoir (DRCOG, 1994) In addition, background sediment stream data from the Lowry Landfill
Superfund site were also used (EPA, 1992)

During the benchmark data-collection activities, information was also collected from lakes outside of
Colorado for comparative purposes The results of this information can be used to support the
comparison to background and Colorado benchmark data For example, in some cases the OU 3
COC data 1s within the range of the background data, the Colorado benchmark data, and the out-
of-state benchmark data--there are no anomalous values

Data from Superfund sites and other impacted areas were also collected The purpose of using
information from contaminated sites 1s to place the OU 3 concentration/activity levels in perspective
with other investigated sites Contamination at these sites tend to be greater by a factor ot 5, 10,
or 100 or more times background concentrations As an example, the maximum arsenic
concentration 1n surface sediment 1s 17 7 mg/kg compared to a maximum BGCR background value
of 17 3 mg/kg, while the Warm Springs Pond Superfund site 1s 1900 mg/kg Contamination is not
subtle, however, as shown in this example, the difference between the maximum OU 3 surface
sediment concentration and the maximum background stream sediment concentration 1s subtle
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8 4 Arsenic in Sediment

This subsection presents the results of the weight-of-evidence evaluation applied to arsenic
measured in OU 3 surface sediments A summary of the analytical results for arsenic in the OU 3
sediments (for each IHSS) 1s presented in Table 8-2 Table 8-2 shows the summary statistics
(before the COC selection was performed) by IHSS, including number of detects, number of
samples, frequency of detection, minimum nondetected value, maximum nondetected value,
mimmum detected value, maximum detected value, anthmetic mean, standard deviation, normal
95 percent upper confidence mit (UCL), and lognormal 95 UCL The summary statistics are used
to provide the analyst the makeup of the data set (1 e, the frequency of detection and magnitude of
concentration) before the COC selection process 1s peformed The use of summary statistics 1s
part of an exploratory analysis phase that involved using visual and graphical presentations of the
data

8 41 Spatial Analysis

Arsenic concentrations were plotted at every sediment sample location in each IHSS (see

Figures 8-2, 8-3, and 8-4 ) The maps show that the arsenic concentrations tend to be shghtly
higher in the samples collected in the middle of the reservoir than along the exposed shoreline and
stream sediment samples However, along the shoreline, in the streams, and in the middle areas
of the reservorrs the arsenic levels are apparently randomly distributed - suggesting a natural
population

Natural hmnological phenomena explamn the shightly elevated concentrations in the center of the
reservoirs The finer particles of sediment tend to have the highest concentrations of organic
matter and thus higher arsenic concentrations (Davis and Kent, 1990) These finer-sediment
particles in the water column also tend to deposit in the center of the lake where tlow velocities can
no longer support particle suspension The metals in OU 3 tend to exhibit this natural
concentration distribution of higher concentrations in the center of the lake (Table 8-3) The
shoreline sediments are exposed most of the year and the finer-grained particles are preferentially
removed by wind and water erosion (ie , resulting in lower concentrations)

Since Mower Reservorr (IHSS 202) receives 100 percent of its water input from the Rocky Flats
Plant drainage area, and Great Western Reservoir (IHSS 201) and Standley Lake (IHSS 202)

receive 65 percent to more than 90 percent, respectively, of water input from Clear Creek (AS|,
1990) one might expect significantly higher concentrations in Mower Reservoir if RFETS-related

contamination were present However, the arsenic concentrations in Mower Reservoir sediment are

COC WP5 Page 18 1/18/95 (1 06pm)



not significantly greater than Great Western Reservoir or Standley Lake (based on the results of
statistical tests, Standley Lake 1s significantly higher than Mower Reservorr for the sediments in the
middle of the reservoir and Great Western Reservoir and Mower Reservoir are not significantly
different, there 1s no difference in the nearshore sediments arsenic concentrations between any of
the reservorrs), this suggests that arsenic originates from background sources and was deposited In
the IHSS reservoirs by natural processes

Mower Reservorr also has less area/volume to dilute concentrations compared to Standley Lake yet
the concentrations in Standley Lake are higher (reahzing Standley lake receives 90% of its water
from Clear Creek and Mower receives 100% from the Rocky Flats drainage)

8 42 Temporal Analysis

The arsenic concentration data in sediment were also evaluated over time to discern any
anomalous trend or pattern Arsenic concentrations in sediment core profiles did not show any

consistent peaks or patterns (see Figure 8-5) The concentrations of arsenic in the sediment core
samples range from 3 6 mg/kg to 36 2 mg/kg Table 8-4 list the minimum, mean, and maximum
concentration and the depth for core samples

Sedimentation rates estimated for the reservoirs are as follows 07 to 0 8 inches per year (in/yr)
for IHSS 201, 0 9 in/yr for IHSS 200, 0 3 in/yr for IHSS 202

Figure 8-6 compares arsenic concentrations in a sediment core to plutonium and other selected
analytes While 2¥%*°Py exhibits a distinct peak suggesting deposition of contamination assoctated
with a specific time penod, arsenic and the other analytes do not show such peaks

8 43 Probability Plot Analysis

According to the geochemical analysis using PROBPLOT, only one population 1s seen for arsenic in
each of the three reservorrs (see Figures 8-7, 8-8, and 8-9) Figure 8-7 shows the PROBPLOT
output for arsenic in Great Western Reservorr (IHSS 200) Because of low concentrations
(comparable to benchmark data) and the lack of separate populations, arsenic in OU 3 samples is
dentified as falling within the background population  Although Standley Lake (IHSS 201) has a
maximum that 1s almost twice that of Great Westemn Reservoir (IHSS 200) and Mower Reservorr
(IHSS 202), the means are essentially equal and fall within benchmark data

8 44 Comparison of OU 3 Data to Benchmark Data
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This evaluation step for arsenic involved the use of a visual data-presentation technique (Figure 8-
10) where the magnitude of concentrations of the OU 3 data for streams and reservoir sediment
are presented with the Rocky Flats background data for stream sediments and relevant benchmark
data from the literature The top portion of Figure 8-10 is a tabulation of these data, the bottom
segment profiles the data to promote comparison of individual data points as well as ranges The
data presented in Figure 8-10 include sediment data from Rocky Mountain National Park lakes, the
Great Lakes, Adirondack lakes, Cherry Creek Reservoir in Colorado, Missoula Lake bed sediments,
worldwide data, and data from Superfund stes The purpose of using information from
contaminated sites (the Warm Springs Pond Superfund site and the Clear Creek Superfund site), in
addition to nonimpacted sites, is to place OU 3 levels in perspective with other investigated sites

Figure 8-10 illustrates the following

. The arsenic concentrations for OU 3 sediments between the IHSSs are consistent
{the means 53,49,48,70, 49, and 5 2 mg/kg are very consistent) All reported
concentrations are less than 17 7 miligrams per kilogram (mg/kg) and there are no

apparent spurious data that would suggest anomalous concentrations

. The Rocky Mountain National Park arsenic concentration means range from 1 4 to
8 4 mg/kg compared to a range of OU 3 means, 4 9 to 7 0 mg/kg

. The OU 3 mean concentrations are bounded by the lake data (2 to 5 mg/kg, 5to 7
mg/kg mean of 6 6 mg/kg and maximum of 9 2 mg/kg for the Great Lakes,
Adrirondack lake, and Lake Michigan, respectively)

. The Cherry Creek reservoir mean concentration, 5 57 mg/kg, 1s shightly higher the
mean values for the OU 3 reservoirs and creeks

. The range of OU 3 arsenic concentrations n reservoirs (12 to 17 7 mg/kg) 1s
comparable with the ranges of the BGCR (DOE, 1993c) data (sediments that are
not impacted)-0 39 to 17 3 mg/kg Additionally, the OU 3 and background data are
within the range, and comparable to, the expected worldwide ranges (0 1 to
55 mg/kg, mean of 7 2 mg/kg [Dragun, 1988])

. The profile of the OU 3 mean concentrations of arsenic in QU 3 sediments (4 76 to
6 96 mg/kg, range of 12 to 17 7 mg/kg) shows concentrations comparable to
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ranges of Lowry Landfill Superfund site stream sediments that are assumed not to
be impacted (0 9 to 17 mg/kg) and a mean concentration of 5 0 mg/kg

. Both the OU 3 data and the benchmark data are distinguishable from the data
representing arsenic contamination (e g, Warm Spnngs Pond, and Clear Creek)
Arsenic concentrations in OU 3 are not within the upper end of the ranges of
heavily polluted sites (Warm Springs Pond and Clear Creek) The maximum
arsenic concentration in OU 3 sediments ranges from 6 8 mg/kg to 17 7 mg/kg,
compared with 46 mg/kg at the Clear Creek Superfund site (CDPHE, 1990) and
1,910 mg/kg at the Warm Springs Pond Superfund site (EPA, 1988)

. All data (OU 3, background, and benchmark data) are greater than the 10° PRG
(based on residential exposure) of 0 37 mg/kg

8 4 5 Conclusions from the Weight-of-Evidence Evaluation

Based on the full weight of the evidence presented in this section--the lack of discernible spatial or
temporal trends, the results of the probabulity plot analysis, the similanty of the OU 3 arsenic
concentrations to background and benchmark arsenic concentrations--arsenic has been eliminated
as a COC in surface sediment for the three IHSSs

8 5 Beryllium in Sediment

A summary of the analytical results for berylhum in sediments (surface and subsurface sediments
for IHSS 200 and surface sediments only for IHSSs 201 and 202) is presented in Table 8-2

8 51 Spatial Analysis

Berylliium concentrations were plotted at every sediment sample location in each IHSS on maps
generated by GIS (Figures 8-2, 8-3, and 8-4) Beryllium exhibited narrow ranges of concentrations
in all three IHSSs (1 e, difference between minimum and maximum detected values was less than
15 mg/kg for all IHSSs) The concentrations range from 0 24 to 1 60 mg/kg in IHSS 200, 0 15 to
1 60 mg/kg In IHSS 201, and 0 41 to 1 50 mg/kg for IHSS 202 The maps show that, in general,
the samples associated with the upper end of the concentrations ranges tend to be those collected
in the middle of the reservoir However, along the shoreline, In the streams, and in the middle
areas of the reservoirs the beryliium levels are apparently randomly distributed There 1s no
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discernible pattern of berylhium concentration in sediments, thus suggesting a natural, randomly
distnibuted population

Natural imnological phenomena explain the slightly elevated concentrations in the center of the
reservoirs The finer particles of sediment tend to have the highest concentrations of organic
matter and thus higher beryllum concentrations (Davis and Kent, 1990) The metals in OU 3 tend
to exhibit this natural concentration distnbution The shoreline sediments are exposed most of the
year and the finer-grained particles are preferentially removed by wind and water erosion These
finer-sediment particles in the water column also tend to deposit in the center of the lake where
flow velocities can no longer support particle suspension

8 52 Temporal Analysis

Berylium concentrations in sediment core profies from IHSSs 200 through 202 do not show any
consistent peaks or patterns (Figure 8-11 shows selected core profiles for the three IHSSs) The
core data include maximum depths of 28 inches, 34 inches, and 20 inches for IHSSs 200, 201, and
202, respectively These depths correspond to the year 1965, or earlier As noted for the surface
sediments, beryllium also exhibits narrow ranges of concentrations in subsurface sediments for the
three IHSSs (i1 e , difference between mimimum and maximum detected concentrations are 1 8
mg/kg, 1 3 mg/kg, and 0 9 mg/kg for IHSS 200, 201, and 202, respectively) The concentrations of
berylium in the subsurface sediment core samples range from 0 53 to 2 30 mg/kg for IHSS 200,

0 34 to 1 60 mg/kg for IHSS 201, and 0 64 to 1 54 mg/kg for IHSS 202

8 53 Probability Plot Analysis

According to the geochemical analysis using PROBPLOT, only ane population is seen for beryllium
in surface sediments for each of the three reservoirs Figures included in Appendix A show
PROBPLOT outputs for berylium in IMSS 200, 201, and 202 Because of overall low
concentrations (maximum value of 1 60 mg/kg detected in IHSS 200 and 201, maximum value of

1 5 mg/kg 1n IHSS 202) which are similar or below background and benchmark concentrations (see
Section 8 5 4), and the lack of separate populations, berylium in QU 3 samples 1s identified as
faling within the background population

8 54 Comparisan of OU 3 Data to Benchmark Data

The three steps descnbed above (spatial temporal, and probability plot analyses) all indicate that
concentrations of beryilum in OU 3 surface sediments are representative of naturally occurnng
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conditions rather than contamination from RFETS To confirm this conclusion, concentrations of
beryllum in OU 3 surface sediments were compared to available background and Iterature
benchmark data This final step in the weight-of-evidence approach involves comparing the OU 3
data to background and benchmark data in a less formal, quantitative manner than using the five
statistical tests included in the Gilbert methodology However, this step alone cannot eliminate
beryllum as a COC The benchmark data comparison in conjunction with the other weight-of-
evidence evaluations provides the rationale that beryllium 1s not a COC

This evaluation step for berylium involved the use of a visual data-presentation technique

(Figure 8-12) where the magnitude of concentrations of the OU 3 data for streams and reservoir
sediment are presented with the BGCR and Lowry Landfill Superfund Site background data for
stream sediments, and relevant benchmark data from the literature The top portion of Figure 8-12
is a tabulation of these data, the bottom segment profiles the data to promote companson of
individual data points as well as ranges The benchmark data presented in Figure 8-12 include
sediment data from Rocky Mountain National Park lakes and Cherry Creek Reservoir in Colorado
In addition, the nsk-based PRG for beryllium is presented

Figure 8-12 illustrates the following

. The berylium concentrations for OU 3 surface sediments are consistent between
the IHSSs All reported concentrations are less than or equal to 1 6 milligrams per
kilogram (mg/kg) and there are no apparent spunous data that would suggest
anomalous concentrations

. The range of OU 3 beryllum concentrations in reservoir surface sediments (0 15 to
1 6 mg/kg) 1s comparable to the range of berylium in the BGCR (DOE, 1993c) data
(1 e, stream sediments that are not impacted by activities at RFETS)-0 15 to
1 3 mg/kg (standard deviation of 1 69)

. The range of concentrations of beryllium in OU 3 surface sediments (0 15 to
1 6 mg/kg) shows concentrations comparable to ranges of stream sediment data
from samples collected to represent background conditions for the Lowry Landfill
Superfund Site that are assumed not to be impacted by contamination (0 23 to
2 0 mg/kg)

. Mean concentrations of beryllium in reservorr samples from the three IHSSs (0 85,

0 70 and 1 06 mg/kg for IHSSs 200, 201, and 202, respectively) are all lower than
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mean concentrations in Rocky Mountain National Park lake samples (39, 50, 9 3,
and 7 4 mg/kg for Lake Husted, Lake Louise, Lake Haiyaha, and The Loch,
respectively) and Cherry Creek Reservoir (4 03 mg/kg)

. Minimum values for the BGCR and Lowry background data (0 15 and 0 23 mg/kg,
respectively) are equal to or exceed the PRG for beryllum (0 15 mg/kg), mean
values for the Rocky Mountain National Park lakes all exceed the PRG

8 55 Conclusions from the Weight-of-Evidence Evaluation

Based on the full weight of the evidence presented in this section, the similarity of the OU 3 mean
concentrations to background and benchmark, the probability plot analysis, and the lack of
discernible spatial trends, berylium has been eliminated as a COC in surface sediment for the
three IHSSs

8 6 Americium-241 in Sediment

Americlum-241 1n sediment does not exceed the 10® PRG based on residential exposure in the

surface and subsurface sediments in all three IHSSs and, therefore was eliminated as a COC
8 7 Arsenic in Groundwater

Two groundwater wells were installed during the OU 3 field investigation one immediately
downstream of Great Western Reservoir (IHSS 200, Well 49192) and one immediately downstream
of Standley Lake (IHSS 201, Well 49292) The wells were installed to evaluate the potential for
contaminants to migrate from the surface-water bodies to shallow groundwater (DOE, 1992)

The analytes remaining after the PRG screen were assessed by using the weight-of-evidence
evaluation approach to determine if any analytes were consistently detected above background and
therefore should be considered as COCs The approach for evaluating these chemicals In
groundwater included the following

. Companson of OU 3 data to background groundwater data for both upper and
lower hydrostratigraphic units (UHSU and LHSU, respectively) at the RFETS, and

literature benchmark data (comparison of means and ranges of concentrations)

. Temporal analysis of anomalies in the OU 3 data
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. Evaluation of measurement uncertainty

. Geochemical evaluations of hydrologic setting

Concentrations of analytes that exceed the PRGs were compared to the background data
presented in the Background Geochemical Charactenzation Report (DOE, 1993c) Analytes for

which the OU 3 mean and range were less than the comparative background groundwater data
were eliminated as COCs The background groundwater monitonng wells were selected to be
representative of the upper hydrostratigraphic unit (UHSU) (Rocky Flats alluvium, the colluvium,
valley fill alluvium, weathered claystone), and the lower hydrostratigraphic untt (LHSU) (the
unweathered Arapahoe and Laramie formation bedrock)

A Piper diagram showing major-ion chemistry for the OU 3 groundwater wells and background
UHSU and LHSU 1s presented in Figure 8-13 The concentrations of major anions (as meg/L.
[milllequivalents per liter]) are given as percentages of the total milliequivalents per Iter According
to Figure 8-13, Well 49192 (IHSS 200) has a water chemistry similar to the UHSU, whereas Weli
49292 (IHSS 201) has a water chemistry more similar to the LHSU

A number of reasons exist for spatial changes and differences in groundwater chemistry Some
changes may be due to the natural evolution of groundwater chemistry along a flow path, such as
an increase in TDS content in the downgradient direction  Other changes in water chemistry may
be the result of i1on-exchange processes, oxidation/reduction reactions, or mineral preciptatiory
dissolution processes However, the similarty of the water typing for the OU 3 wells compared to
the background data groupings indicates that the BGCR provides a suitable data set for
determining iIf the OU 3 data are consistently above background, in conjunction with the temporal,
analytical uncertainty, and geochemical evaluations

Summary statistics for arsenic, berylhium, and #¥?*U 1n groundwater are presented in Table 8-5
Also included in Table 8-5 are the mimmum, maximum, anthmetic mean, standard deviation, and
mean plus two standard deviations for the background data Based on the water typing information
(Figure 8-13), data for Well 49192 (IHSS 200) have been compared to the background data for the
UHSU, and data for Well 49292 (IHSS 201) have been compared to the background data for the
LHSU Benchmark values presented by Dragun (1988) for those chemicals with available data
have also been included in Table 8-5

The measurement uncertainty has been considered in determining if the OU 3 groundwater results

significantly exceed background "Under optimum conditions, the analytical results for major
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analytes in groundwater have an accuracy of 2 to +10 percent That 1s, the difference between
the reported result and the actual concentration in the sample at the time of analysis should be
between 2 and 10 percent of the actual value" (Hem, 1985) Analytes present in concentrations
above 100 mg/L. generally can be determined with an accuracy of better than +5 percent The
hmits of precision (reproducibility) are similar For analytes present in concentrations below 1 mg/L,
the accuracy Is generally not better than 10 percent and can be poorer (Hem, 1985) Except for
the major anions and cations, most of the analytes for OU 3 are present in concentrations less than
1 mg/L Therefore, the analytical accuracy can be estimated to be =10 percent To address
analytical uncertainty as well as sampling uncertainty, the OU 3 mean has also been compared to
the value of the background mean plus two standard deviations

Arsenic was eliminated as a groundwater COC for IHSS 201 based on the following (see Table 8-5
and Figure 8-14)

. The mean concentration of total arsenic in IHSS 201 (2 5 pug/L) 1s less than the
mean concentration of total arsenic in the LHSU (2 76 ug/L)

. The range of concentrations of total arsenic in IHSS 201 (2 7 to 3 8 ug/L) 1s less
than the range of concentrations for the LHSU (0 35 to 7 ug/L)

. The maximum value of total arsenic in IHSS 201 (3 8 ug/L) 1s below the maximum
benchmark value (30 ug/L)
A comparnison of IHSS 200 arsenic groundwater data to background and benchmark data indicates
the following (see Table 8-5 and Figure 8-14)
. The mean (2 99 pg/L) for total arsenic i1s greater than that for the background
UHSU (1 95 ug/L) However the mean (2 99 ug/L) 1s within two standard

dewviations of the background mean (mean + 2 standard deviations = 5 37 pg/L)

. The maximum total arsenic value detected in Well 49192 (6 9 ng/L) 1s similar to the
maximum detected in the UHSU background data (5 pg/L)

. The maximum value for total arsenic (6 9 ug/L) 1s less than the maximum value
found 1n Iiterature for groundwater (30 ug/L [Dragun, 1988))
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Because arsenic is present in Well 49192 (IHSS 200) at concentrations that are similar to, but not
below the background mean and maximum, arsenic has been evaluated further using temporal
vanabiiity, analytical uncertainty, and geochemical analyses to determine if it should be retained on
the COC Ilist for IHSS 200 groundwater

In reviewing the data from Well 49192, one anomaly was noted three of the eight sample rounds
had elevated amounts of total suspended solids (TSS) On January 29, 1993, Apnl 29, 1993, and
November 18, 1993, TSS were 840, 1300, and 948 mg/L, respectively On the five other sample
dates, the TSS were all less than 160 mg/L.  The elevated amount of TSS, in conjunction with
elevated total aluminum and total iron (over one order of magnitude greater than the other five
sampling rounds), indicates that the sampling technique on those days may be suspect (see Figure
8-15) The correlation coefficients between TSS and alummum and TSS and iron are 0 99 and

0 96, respectively A review of the background TSS data for both the UHSU and the LHSU shows
a small percentage (less than 10 percent) of TSS values greater than 500 mg/L It 1s possible that
when the sampling bailer was lowered in the well, the bailer may have hit the bottom of the well
and dislodged sediments into the water column Other total metal analyses are also higher during
these three sample events

The three greatest detections (6 9 ug/L 5 2 pg/L and 3 5§ pg/L) of arsenic correlate with the three
sampling events exhibiting elevated TSS (Figure 8-15) When the anthmetic mean for the well
OU 3 data 1s recalculated, excluding the data from these three sampling events, the OU 3 mean
(1 67 ug/L, recalculated) is less than the UHSU background mean (as seen in Figure 8-14)

Based on the similanity of the OU 3 and the UHSU background means (less than two standard
deviations of the background mean), the OU 3 mean being less than the LHSU background mean,
the analytical and sampling uncertainty, and the potential for sampling error (three rounds with high
values of TSS), arsenic concentrations in OU 3 groundwater were determined to be not above
background, therefore, arsenic has been eliminated as a COC in QU 3 groundwater This
conclusion is supported by the Phase | Health Studies, which did not identify arsenic as a matenal
of concern (CDPHE, 1991b)

8 8 Beryllium in Groundwater
Berylium was eliminated as a COC based on a comparison of detected values to BGCR

groundwater data (DOE, 1993c) Table 8-5 summanzes the OU 3 analytical results for berylium in
groundwater (IHSS 200 and 201, monitoring wells were not installed in IHSS 202) and the BGCR
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analytical results for groundwater In addition, Iiterature benchmark data for groundwater 1s
included on Table 8-5

Table 8-5 indicates the following

. Berylium was not detected in any of the 8 samples from IHSS 201 analyzed for
total metals or the 8 samples from IHSS 201 analyzed for dissolved metals, the
detection limits for these samples was 1 pg/L, the contract required reporting limit
for berylhum in water samples 1s 5 ug/L

. The mean concentration of total berylhium for IHSS 200 (0 91 pg/L) 1s essentially
equal to the mean concentrations of the UHSU (1 07 pg/L)

. The range of concentrations detected in total berylium samples for IHSS 200 (1 1
to 1 6 ng/L) 1s within the range of concentrations for the UHSU (0 4 to 4 8 ug/L),
berylium was not detected in any of the samples from IHSS 200 analyzed for
dissolved metals (detection imit of 1 pg/L)

. The maximum detected value of beryllium in IHSS 200 (1 6 pg/L) 1s approximately
one order of magnitude less than the maximum benchmark value (10 pg/L)

. The mimmum values of beryllium detected in the UHSU and LHSU exceed the nsk-
based PRG (0 0198 pug/L)

Based on the comparison of OU 3 data to background and benchmark data, beryllum was
elminated as a groundwater COC in IHSS 200 and 201

89 Uranium-233/234 in Groundwater

Uranium-233/234 was eliminated as a COC based on a comparison of detected values to BGCR
groundwater data (DOE, 1993c) Table 8-5 summanzes the OU 3 analytical results for ¥y in
groundwater (IHSS 200 and 201, monitoring wells were not installed in IHSS 202) and the BGCR

analytical results for groundwater

Table 8-5 indicates the following
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. The mean concentration of total 2¥%**U for IHSS 200 (4 00 pCuL) is less than the
mean concentrations of the UHSU (15 62 pCi/L), the mean concentration of
dissolved 2¥24U for IHSS 200 (2 75 pCuL) I1s less than the mean concentration of
the UHSU (6 23 pCi/L)

. The mean concentration of total 2*#*U for IHSS 201 (0 755 pCvuL) s less than the
mean concentrations of the UHSU and LHSU (15 62 pCvL and 0 77 pCvL,
respectively), the mean concentration of dissolved 2*?*U in IHSS 201 (0 694 pCuL)
Is less than the mean concentrations of the UHSU and LHSU (6 23 pCvL and 1 64
pCi/L, respectively)

. The range of concentrations detected in total #*%**y samples for IHSS 200 (3 4 to
4 6 pCy/L) 1s within the range of concentrations for the UHSU (0 0 to 164 pCiL), the
range of concentrations detected in dissolved 2*#*U for IHSS 200 (0 26 to 4 84
pCuL) 1s within the range of concentrations for the UHSU and LHSU (-0 02 to 199 5
pCvL and -0 01 to 15 33 pCuL, respectively)

. The range of concentrations detected in total 2¥?*U samples for IHSS 201 (0 64 to
0 87 pCu/L) 1s within the range of concentrations for the UHSU and LHSU (0 0 to
164 pCvrL and 0 15 to 1 52 pCvL, respectively), the range of concentrations
detected in dissolved ¥?**{J for IHSS 201 (0 31 to 1 2 pCuL) 1s within the range of
concentrations for the UHSU and LHSU (-0 02 to 199 5 pCvL and -0 01 to 15 33
pCi/L, respectively)

Based on the companison of OU 3 data to background data, 32U was eliminated as a
groundwater COC in IHSSs 200 and 201

90 SUMMARY

Based on the results of the COC Selection Process applied to the OU 3 analytical data the
following chemicals are COCs for OU 3

. 29240y and 2*'Am In surface soil (IHSS 199)

. 29240p; 1n Great Western Reservorr surface sediments (IHSS 200)

Additional information regarding chemicals not found on EPA s list of proposed COCs can be found
in T™M 4 (DOE, 1994)
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ARSENIC IN SEDIMENTS

— {mg/kg) o
DATA MIN MEAN MAX STD DEV COMMENTS/SOURCE _
QU 3CK-200 37 5§31 94 185 Creat Westem Reservoir (Creek) (OU 3 Database)
OU 3 LK-200 26 491 94 146 Great Westem Reservorr (Lake) (OU 3 Database)
OU3CK 201 22 476 78 153 Standley Lake (Creek) (OU 3 Database)
OU3 LK 201 12 696 177 434 Standley Lake (Lake) (OU 3 Database)
OU3CK 202 3 488 68 156 Mower Reservoir (Creek) (OU 3 Database)
OU3LK 202 22 515 104 196 Mower Reservoir (Lake) (OU 3 Databass)
BGCR stream 039 24 173 245 RFP Background Stream Sediments, BGCR (DOE 1993¢)
Lake Husted 25 02 Rocky Mountain National Park Lake Surface Sediment (Het et al 1984)
Lake Louise 25 03 Rocky Mountain National Park Lake Surface Sediment (Heit et al 1984)
Lake Haiyaha 84 02 Rocky Mountain National Park Lake Surface Sediment (Het et al 1984)
The Loch 14 02 Rocky Mountain National Park Lake Surface Sediment (Het et al 1984)
Lowry 09 5 17 4 Lowry Landfill Background Stream Sediment OUs 2 5 Baseline Risk
Assessment (EPA 1992)
Missoula 23 Missoula Lake Beds Surface Sediment (Moore and Ramamoorthy 1984)
Great Lakes 2 5 Great Lakes Surface Sediment (Fergusson 1990)
Adirondack 53 65 Lake Adirondack Surface Sediment (Fergusson 1990)
Niagara R 27 14 Niagara River Sediment (polluted) (Fergusson 1990)
Lake Michigan 66 92 Lake Michigan Surface Sediment (Fergusson 1990)
Cherry Creek 557 Cherry Creek Reservorr Surface Sediment (CCBA 1994)
Clear Cr Ste 11 46 Clear Creek Superfund Site (COPHE 1990)
Warm Springs 6 1910 Warm Springs Pond Superfund Ste Pond Bottom Sediments (EPA, 1988)
Worldwide 01 72 55 72 Worldwide Sediment (Boyle & Jonasson 1973)
Peaty Soils 2 134 36 94 Peaty Solls (Boyle & Jonasson 1973)
PRG-10° 037 10°* PRG level based on a residential soil scenarno (EG&G 1994a)
Arsenic in Sediments
(Concentration 1s on a log scale)
1000 7 Max = 1910 — P>
100 +
o
g | ¢ #® MIN
g " I ; % % ; * * 3 S 3 © MEAN
- kel & RS 5 o o I iy @ MAX
1 + St 10'.\;,: et S B
s, 5. £, 85 ! 0§ %1 1 3§ g, 2 s
2 & @ 8 o8 2= 3 s H 5 3% §a &
3 3 3 £ £ = E £ 3 £
o1 L 3 <
Data

Notes If blank no data are avallable

*Indicates Superfund site

OU 3 CK 200 = Creek sediment data in {HSS 200
OU 3 LK 200 = Lake sediment data in IHSS 200

DENFIG8_10 XLS
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Figure 8-10
ARSENIC IN SEDIMENTS
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BERYLLIUM IN SEDIMENTS

(mgrkg)
DATA MIN  MEAN MAX STDDEV COMMENTS/SOURCE
OU3CK 200 024 085 16 038 Great Western Reservoir Surface Sediments (Creek) (OU 3 Database)
OU3LK 200 037 085 14 027 Great Western Reservoir Surface Sediments (Lake) (OU 3 Database)
OU 3CK-201 022 058 15 o3 Standley Lake Surface Sediments (Creek) (OU 3 Database)
OU3LK 201 015 07 16 047 Standley Lake Surface Sediments (Lake) (OU 3 Database)
OU 3 CK - 202 041 078 14 054 Mower Reservoir Surface Sediments (Creek) (OU 3 Database)
OU3LK 202 054 106 15 027 Mower Reservorr Surface Sediments (Lake) (OU 3 Database)
BGCR stream 015 066 13 169 RFP Background Stream Sediments BGCR (DOE 1993c¢)
Lake Husted 39 1 Rocky Mountain National Park Surface Sediments (Hett et al 1984)
Lake Louise 5 3 Rocky Mountain National Park Surface Sediments (Hett et al 1984)
Lake Haiyaha 93 11 Rocky Mountain National Park Surface Sediments (Hett et al 1984)
The Loch 74 13 Rocky Mountain National Park Surface Sediments (Het et al  1984)
Lowry 023 104 2 048 Lowry Landfill Background Stream Sediment OUs 2-5 Baseline Risk
Assessment (EPA 1992)
Cherry Creek 403 Cherry Creek Reservorr (CCBA, 1994)
PRG 015 10 ® PRG level based on a residential soll scenano (EG&G 1994a)
Berylhum in Sediments
10
L 4
°T
8 +
<
7+
o 64 = MIN
“\é & MEAN
E 54 ° ® MAX
4+ FY °
34
2 4
IR IR I
(o] N AN SN - —+ e + i + + & —
g &8 &8 § ® & § ¥ & £ 3 § t ¢
s 3 3 2 3 K] S &
] ] ] ] M % s = 3 2 >
= p~ o p S - & g & & £
o < « « o L] [} E 5 3 z
5 8 8 38 3 38 8 3 5
Data
Notes | blank no data are avarlable
QU 3 CK 200 = Creek sediment data in {HSS 200 Figure 8-12
OU 3 LK 200 = Lake sediment data in IHSS 200 BERYLLIUM IN SEDIMENTS

FIG_8_12/Be
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TOTAL ARSENIC IN GROUNDWATER

(uglL)
DATA MIN MEAN MAX STDDEV COMMENTS/SOQURCE
OuU 3-200 23 2499 69 0711 OU 3 Well 49192 (8 sampling events) (OU 3 Database)
OU 3-201 27 253 38 0424 ©OU 3 Well 49292 (8 sampling events) (OU 3 Database)
Recalc Mean 23 167 27 OU 3 Well 49192 recalculated without sampling events
assoctated with high TSS
UHSU 035 105 5 171  Waeathered Claystone BGCR (DOE 1993c¢)
LHSU 035 276 7 202 Unweathered Arapahoe and Laramie Formation BGCR
{DOE 1993¢)
BM 1 30 Benchmark Data (Dragun 1988)
Total Arsenic in Groundwater
15
MAX = 30 |
% MIN
© MEAN
10 + & MAX
<
s
? ®
5+ WD
I I : |
]
l ¢
0 e - = - = -
3 3 3
2
Data
Notes If blank, no data are available
0OU 3-200 =IHSS 200 1IN QU 3
Figure 8-14
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TSS Versus Concentration (Fe, Al, and Silicon)
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Figure 8-15

TSS VERSUS CONCENTRATION FOR WELL 49192
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Table 8-3
Arsenic Concentrations in Surface Sediments

Stream Sediments Nearshore Sediments Middle of Reservoir
Sediments

IHSS Minimum - Maximum | Minimum - Maximum | Minimum - Maximum

(mg/kg) (mg/kg) (mg/kg)
200 451046 281094 3b6t094
201 221054 121087 S/tol1/77
202 30to51 22t068 2710104
Table 8-4
Arsenic Concentrations Subsurface Sediments (Cores)
— THSS Minimum (mg/kg) Mean (mg/kg) Maximum (mg/kg)
200 36 69 i04at2to4in
201 S7 123 36 2 at 20-22 In
202 26 47 g9atlto2in
{ COC WP5 Page 36 1/18/95 (1 06pm)
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APPENDIX A
PROBABILITY PLOT ANALYSIS

A probability plot analysis was performed on selected chemucals in surface sediments and surface
water to assess whether a chemical concentration/activity data set (1 e , population) represents
either a background (natural or anthropogenic in the case of global fallout of radionuclhdes) or
contaminated population A contaminated population may indicate the chemical 1s a chemical of
concern (COC) This analysis was performed using a statistical software program called
PROBPLOT PROBPLOT was used to define the number of populations present and the
concentration/activity range for each population A descnption of the results and methods of the
probability piot analysis are presented in this appendix

The analysis indicated the presence of one statistically normal population for each of the metals
and radionuclides in each of the IHSS with the exception of aluminum, chromium, manganese, and
29249py 1n Mower Reservorr (IHSS 202) and chromium in Great Western Reservorr (IHSS 200)
(Table G-1) In these cases where two populations were identified, the concentration/activity
vanations represent subpopulations within the population and are attnbuted to geochemical
(complexation, adsorption, dissolution, precipitation), organic (aquatic organisms, plants, and
detritus), and physical processes (transport and deposition) that collectively cause natural variabilty
The final decision whether a chemical i1s a COC will be made after reviewing the other weight-of-

evidence evaluation results

A more detailed description of the results and methods employed in the evaluation is included in
this appendix, which 1s divided into the following sections

. PROBPLOT Procedure (Section A 2)

. Data Input (Section A 3)

. Data Interpretation for Sediments (Section A 4)

. Data Interpretation for Surface Water (Section A 5)
. PROBPLOT Output (Section A 6)

. References

A2 PROBPLOT PROCEDURE

PROBPLOT is an interactive software tool (Stanley, 1987) that allows a user to statistically evaluate
cumulative frequency distributions for a given data set The PROBPLOT analysis determines the
number of populations and statistical boundanes present The software program was used to

APPA WP5S Page A 1 01/18/95(7 20am)



Table A-1

RESULTS OF PROBABILITY PLOT ANALYSIS
NUMBER OF DATA POPULATIONS

 ———  ——— ——  — —— ——— — —— — — —— " ————— — ]
Surface Sediments

IHSS Surface Water

Chemical 200 201 202 IHSSs Combmed
Aluminum 1 1 v -
Arsenic 1 1 1 1
Berylium 1 1 1 -
Cadmium 1 1 1 -
Chromwum b 1 2" -
Cobait 1 1 1 -
iron 1 1 1 1
Lead 1 1 1 1
Lithium 1 1 1 -
Manganese 1 1 28 1
Mercury 1 1 1 -
Nickel 1 1 1 -
Silicon 1 1 1 1
Zinc 1 1 1 -
233240py 1 1 ¢ -
w24y 1 1 1 -
24y 1 1 1 -
Notes

- = Analysis not performed

One population may indicate chemucal 1s not a COC Population represents
background conditions

Two or more populations may indicate chemical 1s a COC

N = Second population is attributed to natural background processes
Chemical does not appear to be a COC

6% DEN10016243 WPS 09/20/94/7 10pm




evaluate the concentration/activity distributions of specific metals and radionuclides contained in
sediment and surface water samples at OU 3 The distribution information was used to define the
number of populations present and the concentration range for each population and each metal/
radionuchide data set PROBPLOT has been used at the Operating Industries, Inc (Oll) Superfund
site (EPA, 1994), the Lawrence Livermore National Laboratory (DOE, 1994), and has been used
extensively by the mining industry for over 20 years to identfy geochemical anomales for
exploration (Sinclarr, 1986, Sinclar, 1976, Stanley, 1987)

The computer analysis in PROBPLOT compares the actual cumulative frequency distnibution for
given data sets with that of a normally distributed population In a cumulative frequency
distnbution, the concentration frequencies of a distnbution are cumulated from low to high values
Cumuiating from low to high produces a "less than" distnbution where each cumulative frequency
includes all concentrations/activities that are less than a given value The model 1s flexible, 1t 1s
capable of representing numerous forms of frequency distnibutions consisting of combinations of
normal or lognormal component populations

PROBPLOT generates a probability plot that presents the distnbution for each population identfied
within a data set The mean plus two standard deviations (i e , threshold) value i1s also summarized
for each population

A 3 DATA INPUT

Metal and radionuchde concentrations/activities from the surface-sediment and surface-water
samples collected from Great Western Reservoir (IHSS 200), Standley Lake (IHSS 201), and
Mower Reservorr (IHSS 202) for the RFI/RI for OU 3 were analyzed using PROBPLOT Surface-
sediment samples, collected in each reservoir and in the adjoining creeks for each of the IHSSs,
were used in the PROBPLOT analyses Only concentration data reported above the detection hmit
(1 e, detects) were used in the PROBPLOT analysis The concentratior/activity data were
logtransformed before being input into PROBPLOT because natural environments are typically
lognormally distributed (Rose, 1979) If multiple samples were collected at a given location, the
data values for the additional samples were averaged prior to analysis However, for Mower
Reservorr, if a given location was sampled more than once, the samples were treated as individual
samples and not averaged This was done in order to have a sufficient number of data points for
the PROBPLOT analysis (A mimimum of 15 ponts 1s required by the PROBPLOT program to
define populattons [Stanley, 1987] )} The following metals and radionuclides for sediments at each
IHSS were evaluated

APPA WP5S Page A 3 01/18/95(7 20am)
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. Alumminum . Manganese
. Arsenic . Mercury

. Berylium . Nickel

. Cadmium . Silicon

. Chromium . Zinc

. Cobalt . 23234y

. Iron . 25y

. Lead . ZaRApY

. Lithium

A probability plot for every metal 1s not included in this appendix A subset was selected based on
thewr potential toxicity Addmional metals were selected to provide information on the potential
geochemuical association with other metals or processes For example, cobatt and nickel are similar
in chemical behavior Therefore, information on each of these metals can be used to confirm the
conclusions made

Surface-water samples were collected in the streams upgradient to RFP to establish background
levels The background data sets were collected from areas considered unimpacted by RFP
activihies and are described in the Background Geochemical Charactenzation Report (DOE, 1993)
If more than one sample was collected at a given location for ether the background or the OU 3

data, each vaiue was used as part of the data set No averaging of the data was performed Only
detected data were used in the analysis Surface-water data collected (creek and reservoir data)
for the three IHSSs (Great Western Reservoir-200, Standley Lake-201, and Mower Reservoir-202)
were combined with background data to determine if more than one population was present The
background and OU 3 surface-water data were combined to have a sufficient number of samples

(1 e, 15 or greater) because some of the metals had low detection frequencies Probabilty plots
were generated for arsenic, lead, manganese, iron, and silicon These metals were selected based
on therr toxicity factors and potential association with other metals and geochemical processes

A 4 DATA INTERPRETATION FOR SEDIMENTS

This section presents the interpretation of the prohabilty plots for the surface-sediment data

Based on the PROBPLOT analysis, the chemicals in the OU 3 surface sediment exhibit low
concentrations/activiies of naturally occurring metals and radionuclides and appear to represent a
single, background population (see Table G-1) This subsection provides an example of a chemical
exhibting a population that appears to represent contamination, bnef descrniptions of the processes
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that cause vanability within a natural background population, and the results for each
metal/radionuclide evaluated

For OU 3 sediments, the metal/radionuchde analytical results for samples from each of the three
reservoirs were evaluated separately However, the creek sediment data associated with each
reservoir were included with reservorr sediments in the data sets This was done in order to
evaluate the complete physical system of the reservoir

Geochemical evaluations (of all the metals/radionuchdes in total), the low concentrations present,
geologic setting, and available background and benchmark data indicate the population identfied n
PROBPLOT represents a statistically normal background population

Where more than one population is identified in PROBPLOT, the two populations can either
represent background and contamination (depending on the magnitude of differences for each
population) or represent natural physical processes within the background population that result in a
concentration/activity shghtly elevated above the upper mit background concentration/activity

To illustrate a scenarno where a probability plot shows two populations that represent one
background population and one contamination population, the OU 3 2%2°py data from surface-soil
samples were evaluated Based on the Gilbert statistical analysts (see Subsection 4 3), some of
the soil sample activity values were above background, however, most were below background
Therefore, the OU 3 soil sample results represent two populations (one background and one with
elevated #%2°Py activities) The data set used for the PROBPLOT analysis included the OU 3
RFI/RI soil plots plus the Jefferson County Remedy Acres samples

The histogram and probabilty plot for the soil data clearly show two separate populations (see
Figures G-1 and G-2a) The statistically defined threshold level (defined as the mean plus two
standard deviations) 1s the activity at which background i1s exceeded in the cumulative frequency
distnibution and 1s 0 07 pCvg for this data set This value compares favorably with the background
mean plus two standard deviations of 0 09 pCvg that was calculated using the surface-soil
background data

In reviewing the soil probability plot (Figure G-2a), it 1s important to note that the two population
distnbutions diverge with increasing plutonium activities rather than converge In the OU 3
sediment data sets where two populations are identified (for example, aluminum for IHSS 202), the
populations converge at higher concentrations/activities (Figure G-2b) The convergence of the
upper and lower populations indicates that, unlike the diverging populations, these represent two
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subpopulations of a single (background) population The upper subpopulation represents a
concentration/activity range of values resulting from precipitation or adsorption of the individual
metal/radionuclide As a comparison, aluminum in Great Western Reservoir (IHSS 202) represents
a single, background population (Figure G-2¢)

In the sediment PROBPLOT results, most of the plots for a given metal/radionuclide show all the
data for an 1HSS to be below the threshold value (clearly indicating one population) in the cases
where more than one population is identified, the threshold values for the two populations are
similar (indicating the second population 1s due to natural processes and not contamination)

The overall OU 3 data sets exhibit a range of concentrations/activities within expected natural
ranges for sediment data, as seen in the benchmark comparison described in previous sections of
TM 4 The loganthmic values for the metals and the radionuclides evaluated range from
approximately -0 4 to almost 5, yet the logarthmic values of the standard deviations range from
only 0 1 to 0 4 with an average of approximately 0 25 In other words, there 1s Iittle vanation from
the mean concentrations/activiies, regardless of the value of the mean metal or radionuclide
concentratior/activity for the OU 3 sediments If concentration levels were the result of
contamination, there would be higher standard dewviations for the contaminating constituents (Rose
et al, 1979) These small, simifar standard deviations suggest that the sediments probably
represent background conditions and are within naturally expected vanability

A 4 1 Reasons for Naturally Occurring Variability
Several physiochemical processes cause vanability in sediments in nature, depending on geologic
setting The predominant processes causing variability within QU 3 sediments are described in the

following paragraphs

Geochemical Processes

The sediment grab samples were collected from both the streams draining into the reservorr and
the reservorr tself Within the reservorr, sediment samples were collected from both penpheral
(inlets, shoreline, and adjacent to the dam) and central parts of the reservorr Each of the individual
sediment sample locations represent unique local environments with diffening microbiota,
physicochemical conditions, water depth, and flow regimes Each environment results in spatially
vanable concentrations of metals and/or radionuciides For example, streams have significantly
higher flow velocities than reservoirs, this generally results in coarser-grained sediment, oxygenated
water (1 e, oxidizing oxidation-reduction (Eh) conditions), near-neutral pH, and a highly variable

APPA WP5S Page A-8 01/18/85(7 20am)




aerobic microbiotic and aquatic population (Rose et al , 1979) Coarse-grained sediments typically
have lower metal concentrations in companson to finer-grained sediments because of the lower
surface area for a given volume of sediment, this results in a lower number of sorption sites (Davis
and Kent, 1990) Oxidizing conditions with near-neutral pH minimizes the dissolved metals
concentrations because metals are least soluble in these environmental conditions (Rose et al,
1979) Compared to the reservoir sediments, the stream sediments have a very low total organic
carbon (TOC) and nutrient load, thus, less chemical reactions with organics occur As a result,

lower metal concentrations are expected

Physical Processes

Shoreline penpheral sediments pnmanily reflect the local land use, soils, and bedrock composition
The sediment composition can be highly vanable because of surface-water runoff, such as imgation
return flow, industral outfalls, return rills, and sheetflow into the reservoir Reservoir sediments n
the nearshore area (littoral) are generally finer-grained than stream sediments, but much coarser
than either the central reservoir or in the area adjacent to the dam

The central area of the reservoir and the area adjacent to the dam receive the finest-grained
material As a stream enters a reservoir, a deltaic environment at the inlet of the reservoir 1s
created wherein the coarser-grained sediments settle near the inlet as the flow velocity decreases
Finer-grained sediments are transported farther into the reservorr The finer-grained sediments are
a mixture of clay minerals, natural organic acids (humic and fulvic), and iron, manganese, and
aluminum oxyhydroxide flocculants (Davis and Kent, 1990) Both the organic actds and the
oxyhydroxide flocculants contain vanable concentrations of complexed and adsorbed metals (Rose
et al, 1979) Generally, only the finest-grained material reaches the reservoir area nearest the

dam (the deepest portion of the reservorr)

Organic Processes

In addition, algal growth in the reservoir can change the pH (and to an extent, the Eh) of the
reservoir water on not only a seasonal, but also a diurnal, cycle The pH of reservoir water can
change from a near-neutral pH of 7 dunng darker hours to a more alkaline pH of 8 5 to 9 dunng the
daylight hours (Hem, 1985) This cycle can cause a change in dissolved (at near-neutral pH)
versus precipitated (more alkaline pH) metal concentrations Carbonate minerals (calcium, iron,
and, potentially, magnesium and manganese) can be precipttated and become part of the
sediments on both diurnal and seasonal cycles, thus causing temporal vanations in concentrations
(Hem, 1985)
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Vanability in concentrations/activity can also be caused by how the sample i1s collected and what
matenals compose the sample For example, the more organic-enriched and fine-grained matenals
in the sample, the greater the concentration of metals (Rose et al , 1979)

As the above discussion illustrates, the vanability in stream and reservorr sediment environmental
conditions (i e , sample locations) can result in a concentration/activity range of values within a
statistically normal background population, that is, these processes cause natural variability within a
population without any contribution from a potential contarminant  When statistically evaluated using
cumulative frequency distributions, one population or several subpopulations that are a result of
these physiochemical processes may be identfied Two populations may also be identified with
one popuiation representing background and one population representing contamination, as seen in
the soill plot example in Figures G-1 and G-2 As described in the following paragraphs, most of
the metals and radionuchdes are defined by a single (low concentration range, similar to benchmark
ranges) population that defines background concentration/activity ranges Each reservoir also has
environmental characteristics that cause some differences in concentration and charactenstics
These resuflt from natural vanation attributable to the physiochemical factors described above

The PROBPLQOT results for each metal and radionuclide that was evaluated are discussed in the
following paragraphs PROBPLOT output for each metal and radionuclide for each IHSS 1s
included in Subsection A6

A 42 Aluminum

Aluminum 1s the third most abundant element in the earth’s crust (Hem, 1985) Based on the
probability plots, one population was identified for Great Western Reservoir and one for Standley
Lake In Mower Reservorr, two populations were dentified The two populations in Mower
Reservoir are most hkely the result of organic processes occurnng in the reservor and represent
subpopulations within a background population, as descnbed in the following paragraphs

Mower Reservoir sediments have the highest mean and median concentrations (13,300 and 14,600
mg/kg, respectively) but the lowest maximum concentration (18,300 mg/kg) of the three reservorrs
The small range of aluminum concentrations (less than an order of magnitude) between the mean,
median, and maximum values indicates physiochemical processes are occurnng in Mower
Reservorr, thus causing two subpopulations If contamination were present, a larger difference In
the mean, median, and maximum would be expected This small range in aluminum concentrations
and similarity in threshold values for each population 1s shown on the probabilty plot by the
subpopulations converging at higher concentrations
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in Mower Reservorr, pH fluctuations and algal growth have been observed The higher pH
generated by algae in Mower Reservorr results in clay minerals precipitating out of solution more
readily than in the other two reservoirs Therefore, algal activity increases aluminum
concentrations The kinetics of clay-mineral precipitation increase with pHs above 8 (Stumm,
1990) The clay precipttation also enhances the potential for coprecipitation of metals (calcium,
magnesium, sodium, wron, and hthium) into the Mower Reservorr sediments (Deer et al, 1971)

Based on the varying pH in Mower Reservorr, the similarity of the two populations within Mower
Reservorr, and the similarty of Great Westem Reservoir and Standley Lake, 1t 1s most probable that
the aluminum in Mower Reservoir sediments represents natural vanability within background (two
subpopulations within background), and is not representative of a contamination source

A 43 Arsenic

One population was identified for arsenic in each of the three reservoirs, with Iittle difference in
arsenic concentrations in Great Western Reservoir and Mower Reservoir, their respective means
were 47 and 4 8 mg/kg and their respective maximums were 9 4 and 10 mg/kg Standley Lake
has essentially the same mean (5 0 mg/kg) but almost twice the maximum concentration (19 mg/kg)
compared to Great Western Reservoir and Mower Reservoirr However, Standley Lake also
receives sediments from the highly mineralized Clear Creek drainage, which may account for the
higher maximum concentration The similar mean concentrations of arsenic for the three

reservorrs, coupled with the single population defined by the PROBPLOT analysis for all three
reservoirs, indicates a common background population

A 44 Beryllium

Berylhlum in sediments shows no difference in mean (0 78, 0 59, and 0 95 mg/kg for IHSSs 200,
201, and 202, respectively), standard dewviation (1 45, 1 84, and 1 47 mg/kg for IHSSs 200, 201,
and 202, respectively), and median (0 83, 0 6, 1 1 mg/kg for IHSSs 200, 201, and 202, respectively)
concentrations between the three reservoirs The probabiiity plots for each reservorr also indicate
only one population Because only one population was identified and the concentrations are low
(less than 2 1 mg/kg and similar to benchmark data), the beryllium concentrations in sediment
represent a background population

A45 Cadmium
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In Great Western Reservoir and Standley Lake, only one population was identified for cadmium,
based on the probability analysis PROBPLOT was not performed for Mower Reservoir because
cadmium was not detected in any of the samples The PROBPLOT results also show all the data
for a given IHSS were below the threshold value defined from the cumulative frequency distribution

Cadmium occurs naturally in the surrounding mineralized areas (Shendan et al , 1967)

A 46 Chromium

The PROBPLOT analysis indicates two subpopulations of chromium were identfied for Mower
Reservoir and Great Western Reservoir but only one population for Standiey Lake In February
1989, a waste chromic acid spill occurred at the RFP  An estimated 750 gallons of chromic acid
were discharged into a dran system that flowed to the plant's sewage treatment plant The
chromic acid went through the treatment plant and was discharged to retention pond B-3 (CDPHE,
1994) According to the Phase 1 Health Studies on RFP, "No documentation of off-site
contamination was located for the event” (CDPHE, 1994) If releases did occur offsite, Great
Western Reservoir would have been the receiving reservoir and its sediments should have the
highest chromium concentrations However, chromium was detected in the highest concentrations
in Standley Lake (31 9 mg/kg), and Mower Reservoir (14 mg/kg) had the highest mean
concentration In Great Western Reservorr, the mean and maximum concentrations of chromium
were 9 1 mg/kg and 17 9 mg/kg, respectively

Two subpopulations representing background have been identified in Great Western Reservoir and
Mower Reservoir The two subpopulations (the lower and upper subpopulation distnbutions) have
essentially the same 95th percentile chromium concentration (24 9 and 21 7 mg/kg, respectively, for
Great Westem Reservorr and 17 6 and. 17 6 mg/kg, respectively, for Mower Reservoir)

Furthermore, the higher concentration population for each has a lower slope than the lower
population (the population distnbutions converge at the 95-percentile concentration) The upper
subpopulation i1s likely caused by physiochemical processes such as adsorption or precipitation,
organic absorption, or algal or microbial bioaccumulation

The high algal content in Mower Reservoir suggests that organic complexing and absomtion,
coupled with pH and Eh conditions imposed by the organics, are probably responsible for the two
chromium subpopulations Chromium has a tendency to be cycled by the durnally changing pH
and Eh conditions 1mposed by the algal orgamisms This cycle can cause a change in dissolved
versus precipitated metal concentrations
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The micas derived from the pegmatites in the adjacent drainages are the most likely source of
chromwum-nich micas (Deer et al , 1971)

A comparison of the three reservorr means and medians and probability plots indicates that each
reservorr 1s a normal background population

A 47 Cobalt

Based on the probability plots, one population was identified for each of the three reservorrs

Cobalt concentrations in sediments are essentially the same as the nickel concentrations divided by
a value of approximately 2 in all three sediment areas This close association between cobait and
nickel Is common in sediments, regardless of source, because of the similarty in the chemical
behavior of the two metals (Deer et al , 1971) This relationship in all three reservows indicates that
the population represents a background population

A48 iron

One population was identified in each reservorr for iron, based on the PROBPLOT analysis Iron
has the second highest metal concentration range in the sediments Relatively high ron
concentrations are typical for sediments from lacustrine environments because the reservoirs collect
the wron oxyhydroxide preciprtates, and the lacustrine organisms, particularly algae, utilize iron In
their metabolic processes This promotes and retains iron concentrations in the reservorr (Davis
and Kent, 1980) There is a seasonal die-off of aquatic organisms, which incomporates a major part
of the retamned 1ron into the sediments The means (16,400, 13,120, and 18,600 mg/kg for IHSSs
200, 201, and 202, respectively) and medians (16,400, 14,150, and 18,300 mg/kg for IHSSs 200,
201, and 202, respectively) for the three reservoirs are similar

A49 Lead

In each of the three reservorrs, only one population was identified for lead, based on the
PROBPLOT analysis The similanty of the means and medians for the three reservoirs indicates
that the background mean and median for lead is between 20 and 30 mg/kg, a narrow range
considenng the diverse source areas for the three reservoirs

The maximum concentration of lead occurs in Standley Lake The Standley Lake maximum 1s
approximately twice the maximum concemntration for Great Western Reservowr and six times the
maximum in Mower Reservoir Although Mower Reservoir receives 100 percent of its water from
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the RFP drainage, Mower Reservorr sediments have approximately half the lead concentration of
Great Western Reservoir sediments and only 20 percent of the Standley Lake maximum sediment
concentration The likely source area for the lead in Standley Lake sediments is from the mining
wastes being transported in Clear Creek Only one sample (SED012792) from the 41 Great
Western Reservoir samples exceeds the 95th percentile concentration (70 mg/kg) of the
PROBPLOT-defined background population with a concentration of 80 3 mg/kg This sample is
located in the deepest portion of the reservorr As described previously, the fine-grained sediments
are transported to the deepest portion of the reservorr, this is probably why the concentration 1s
higher Contamination is not indicated because metals adsorb more readily to the finer-grained
matenal (Davis and Kent, 1990, and Pankow, 1991)

A 410 Lithium

Based on probabilty plots, there 1s one population for Iithium in all three reservoirs Mean and
median concentrations are highest in Mower, intermediate in Great Western, and lowest in Standley
Lake In all three, the median is higher than the mean lithium concentration, this indicates a
dominance of lower Ithium concentrations in all three populations Similar to other metals, the
maximum lithium concentration is highest in Standley Lake sediments The maximum
concentrations of Iithium for Standley Lake, Great Western Reservorr, and Mower Reservoir are

34 6, 17 6 and 16 2 mg/kg, respectively Lithium is a common constituent in micas, which are
released by acid attack (mine waste areas) and, to a much lesser extent, natural weathenng
processes, uttimately, they are ncomporated in the clay minerals {(Deer et al, 1971) The maximum
concentration occurring in Standiey Lake 1s likely due to the contribution from the highly mineralized
sediments from Clear Creek

A 411 Manganese

One population for manganese was identified in Great Western Reservoir and Standley Lake from
PROBPLOT for manganese In Mower Reservorr, two similar populations were identfied The
mean and medians for Great Western Reservoir (378 6 and 441 4 mg/kg, respectively) and
Standley Lake (449 7 and 350 8 mg/kg, respectively) sediments are similar, but the maximum
manganese concentration in Standley Lake (4450 4 mg/kg) sediments is three times higher than
the maximum concentration in Great Westemn Reservorr (1549 9 mg/kg) This probably refiects the
contribution from the highly mineralized Clear Creek sediments to Standley Lake The mean,
median, and maximum concentrations of manganese (294, 250 8, and 1170 mg/kg, respectively)
are the lowest iIn Mower Reservoir
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The two subpopulation distributions in Mower Reservorr converge near the upper threshold
concentration The two subpopulations are likely due to fluctuations in pH within the reservorr Of
the three reservoirs, Mower Reservoir is the most strongly influenced by algal growth, which causes
a dwrnal (and seasonal) increase in pH to values above 9 Manganese preciptates much more
rapidly with increasing pH, precipitating in minutes to hours at pH values higher than 8 (Stumm,
1990, and Pankow, 1991) This process increases the amount of oxidized manganese deposited in
the reservoir sediments and causes vanability in concentrations, depending on when the sampling
occurred In the other two reservoirs, manganese is also oxidized and preciprtated, but the algal
population i1s not sufficient to enhance the precipitation process The two populations in Mower
Reservorr are hikely due to physical processes The two subpopulations are similar to Standley
Lake and Great Western Reservorr

A 412 Mercury

Probability plots were only developed for Standley Lake There was an msufficient number of
detects to perform a PROBPLOT analysis for Great Western Reservoir and Mower Reservoir One
population was observed in Standley Lake based on the probabilty plot The maximum mercury
concentration in Standley Lake sediment 1s only 0 6 mg/kg Considenng the potential strong
complexing characternistics (organics, microbiota, and chionde) of mercury and the placenng
(rustorical use of elemental mercury to recover gold) that has taken place along Clear Creek, these
sediment concentrations of mercury are low

A 413 Nickel

Based on the probability plots, one population for nickel was identified for each of the three
reservors The mean and median nickel concentrations in both Great Western Reservoir and
Mower Reservorr are essentially the same values (16 to 17 5 mg/kg) and higher than Standiey Lake
sediment mean and median The nickel i1s slightly higher in Mower Reservoir than in Great
Western Reservorr, this difference may be due to the presence of aquatic microbiota

Only one of the 41 Great Western sediment samples (SED00692) exceeds the 95th percentile
concentration from PROBPLOT, the sample is located along Broomfield Ditch This 1s the same
location that has the highest concentrations for cobalt, manganese, and one of the highest
concentrations for ron This 1s the result of ron/manganese oxyhydroxide adsorption, which
elevates the nickel and cobalt concentrations through the adsorption process (Davis and Kent,
1990, Pankow, 1991) This enhancement is most likely a natural phenomenon rather than an
anthropogenic impact
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A 4 14 Silicon (Silica)

In Great Western Reservoir and Standley Lake, one population for silicon was identified, based on

probability plots In Mower Reservoir, only one sample was analyzed for silicon, so no PROBPLOT

analysis was performed The laboratory reports silica (S10,) in terms of Silicon, S1  Considering
the abundance of silica in quartz and other minerals contained in sediments, the silica
concentration 1s surpnisingly low The maximum concentrations of silica are less than 1 percent
(10,000 mg/kg) compared to an average crustal abundance of approximately 28 percent (280,000
mg/kg) (Taylor, 1964) Standley Lake sediments have higher silica concentrations than Great
Western, which probably reflects the higher quantz relative to mica in Standiey Lake sediments
Quartz i1s readily available in the placer and mine waste areas of the Clear Creek drainage

A415 Z2inc

One population for zinc was identified in each reservoir based on PROBPLOT Zinc 1s one of the
most mobile metals The zinc mean, median, and maximum concentrations are all highest in
Standley Lake (181 9, 184 4, and 1170 mg/kg, respectively) sediments, intermediate in Great
Western Reservoir (137 8, 120 5, and 496 mg/kg, respectively), and lowest in Mower Reservoir
(69 5, 68 6, and 193 mg/kg, respectively) sediments These relationships support and enforce the
relative importance of histonic and current mining waste and discharge sources in the Clear Creek
drainage to the site-specific background of Standley Lake sediments

A 416 2*%py

One population for #%?*°Py was identrfied for Standley Lake and Great Western Reservoir  Two
subpopulations were identified in Mower Reservoir Al activities in both Mower Reservoir and
Standley Lake sediments are less than 1 pCi/g Median activities and 95th percentile activity
values from PROBPLOT indicate that Standley Lake sediments have the lowest activity, Mower
Reservoir has intermediate activiies, and Great Western Reservoir has the highest activities 1n
sediments In fact, three Great Western sediment samples (GWR-EG 46, 47, and 48) have the
only activities that exceed 1 pCr/g across all three sediment reservoirs (3 1, 32, and 3 3 pCi/g,
respectively) These three samples were collected in 1983 investigations Given the two
subpopulations in Mower Reservoir are similar to the values to the single populations in the other
two IHSSs, it appears the activities represent background conditions Further, the two
subpopulations are converging, which indicates natural processes affecting one natural-background
population
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A 417 B34y

Based on PROBPLOT, ¥ 1s remarkably consistent in all three reservoirs and shows only one
population The median activities for all three reservorrs are similar, ranging from 1 20 to 1 24
pCig The 95th percentile activity values for Great Western and Mower are similar (2 79 and 2 61
pCr/g, respectively) but lower than Standley Lake sediment (3 71 pCvg) The highest activity 1s In
Great Western Reservorr (SED06692)

A418 2y

Based on the PROBPLOT analysis, one population for 25U was identfied in each of the reservoirs
With the exception of a single exceedance from a sample in Great Western Reservoir (SED06692),
described in the 224 discussion, the 2°U activities are a background population This single
population i1s indicated by means, medians, and PROBPLOT 95th percentile activities The suite of
radioactivity present at SED06692 1s likely due to natural uramum mineralization and not
anthropogenic contamination

A 419 Summary for Sediments

Most of the metals and radionuclides reviewed indicate the presence of only one population in a
given reservoir  Where two subpopulations were identified, a review of the natural physical
processes and associated physicochemical condtions indicates that the difterences are due to
natural environmental vanability and not to contamination As shown in Figure G-2, these
chemicals exhibit two converging populations, unlike the diverging populations of the Z2%%°py
surface soll data
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Sed., Doev. = Cua?63 Flax = 1.2253 Fodran = -
v oL o= 4. . 58397 Slewness = —-0.3354 3rd Dnaruale = (G.9A%Y
fn li-log Fear = 4,908 Anli-Log Std. Dev. 3 (-} 11
(+) P
s cum . antzlog cles int (& of bins = 17 - Dbn size = 0.0718)
.00 1.04 1.105 0.0434
2.13 3.13 1.303 0.11350 X
G4.26 7.9 « 237 0.1866 XX
G4.26 11l.46 L8122 0.2883 X«
4.26 15.63 ~al37 0.3299 Xk
4,26 19.79 ~.321L O 4015 XX
H.08 26.04 2.973 0.4732 kXK
.13 28.13 3. 804 0.53448 X
G.26 Jn.29 4,135 0.6164 %X
14.8% 44.88 4.876 0.4688L Jookkdokis
14.89 &1.46 5.730 OL.7597 RIOKKKXK
Q.00 &1.46 4£.782 0.8313
8.%1 69.79 7.998 0.9030  WIoKK
10.64 80.221 9.432 0.97446  XKKKHK
4,26 84,37 11.123 1.0462 XX
12.77 96.87 L3.118 1.1179 kaKKKXK
C.00 96.87 15.470 1.1890 \
L.1l3 PB.?26 18.2494 woédLl X
i 3 4
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FROEARILITY -FLOT
1 400- UARIABLE = as
UNIT = A5k
- N = L 2l
H€l= 47
760~
2gPULATIGHS
. Fop Hear  Sta Dau s
izo 1 o £9€2 0 2853 109 ¢
| Pep THRESHOLDS
- r. - 3+t + 1+ ¢+ ¢+
b D 1035 1 2887
b2 i -
- L
150 L
1
7 r
i
!
00 T T T T T T T T T T T ™
23 %8 9% 313 70 50 30 15 5 2 1 RAK DATA HL
PERCENT PARRHETER ESTIHRTES
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FARAMETER SURMAFY STATISTICS FOR FROBABILITY FLOT aAMALYSIS

Dala File Mame = AS-~ID DaT

Varieble = As Urat = FMG/K ol o= ‘7
N QY = 17
Transform = Logearitnmic Mumbos of Fopulalicons = 1

#2 of Missing Observations = 0.

Raw Data Maximum Li'elihood Farameier Estimaies

Maxzmum LM Liltelihood YValue = -2.018

Faramaierized Degrecs of Freedon 3

Foovlation Mlean Std Dev Fercentage
1 3.968 - 2.511 100.00
+ ?.828
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11:09 RFF 7 0OU-T: As-S Q370379 |
#H##HH#SH RS SR EH SRR R E S S S SRR S R R
SUMMARY STATISTICS and HISTOGRAM LOGARITHMIC VALUE
Vari1able = As Unit = MG/K N = 18
Mean = 0.&6797 Min = 0.3424 ist Quartile = 0.5623
Std. Dev. = 0.14619 Ma = 1.0170 Median = 0.7076
cvV 4 = 23.8314 Skewness = -0. 2027 3rd Quartile = C.7443
Anti-Log Mean = 4.778 Anti-Log Std. Dev. : (=) 3.292
(+) &6.937
pA cum % antilog cls int (# of bains = 13 ~ bin size = 0. 0562
0.00 2,63 2.062 0.314C2
5.9 7.89 2.347 C.3705 =+
o.00¢ 7.89 2.4671 C.4267
1t.11 18.42 3.041 0.4830 *=
0.00 18.42 Z.461 0.35392
11.11 28.95 3.939 0.5954 *=
5.56 3I4.21 4.484 0.6516 =
22.22 55.26 5.103 C. 7078 *exx
22,202 76.32 5.808 0.7641 xx%%
5.56 81.58 b6.611 0.8203
11.11 @2, 11 7.929 0.8765 *=*
C.00 92.11 B8.3565 C.9327
0.00 92.11 Q?.748 0.988%9
S5.96 97.37 11,095 1.0451 »
(8] 1 2 3

H${BESH RS HAHHH SRS EE H S HHS R S R SR S E SSRGS B RS S B R RS RS



11 13 52
05,05,34 RFP + QU-3 @s-§ LOGARTTHHIC UALUES
1 200> VARIABLE = as
UNIT = nGsK
ot N = 18
NCI= i
‘ 1 000
FOPJLATIONS
§ zzzzzzzzzzs
Pop Hean std Deu Fs
0 00~ 1 9 K792 0 4543 100 0
Pop THRESHOLDS
b - S_S=S==nI==
b3 0 2588 1 0020
¢ £00-]
0 %00
6 20077 T T T T T T T T T T T 1
95 ag 9c f:3-4 70 84 30 18 g 2 i RAY BRATA NL
PERCENT PARAMETER ESTINATES

N I
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#H4HH HEHBH S SH LS SIS HH SRS R SRS S SR 4R HE S S S S SRS S S S RSB SRR B SRS S EE
PARAMETER SUMMARY STATISTICS FOR PROBABILITY PLOT ANALYSIS

Data File Name = A:AS~5.DAT

Variable = As Unit = MG/K N =
N CI = 13
Transform = Logarithmic Number of Populations = 1

# of Missing Observations = 0.

- ove
= =

]
|
1
|
i

Raw Data Manimum Likelihood Parameter Estimates

Mavimum LN Likelihood Value = 7.735

Farameterized Degrees of Freedom i

Population Mean Std Dev Fercentage
1 4.778 - 3.292 100.00
-+ &. 937

i
i
i
i
it
[1]

Default Thresholds.
Standard Deviation Multiplier = 2.0

Pop. Thresholds

i 2.267 10.070

FHARB RS R R SRR S R R R R R R R S R R R R R R






H R EE B S A R B e ae

198 388 FEE /O3 DB/0B/ P4
HEddRE B a8 a4 BB R FHE gk dn i Ednida it hnBn b s e v P Ed e
Sdpen s ST4TISTICS and HISTIOGRAM LOGARITHMIC VALLES
vartable = e Liat o= M3/7K h, == 4.
Mean = ~0. L0044 Pan = -0.61°8 ek Duewllloe « -Q 1973
Sld Dev. = C.l1636 Plax = 0 2041 fledran = ~0 . 0784
CV " o= 1RETAFV Stewnsss = -0 .847% Jrd Quartile = GL.0000
Anlz—-Log PFean = 0.780 Alr—oog Sta. Dev. ¢ (=) 0. 349
{+) 1.144
Tu cum antrlog ¢ls ant (% of ping = 17 - binh 31z = 0.0315),
C.00 1.1° D.2246 =0.645%
2.44 J.87 LB E —0LB940 XK
0.00 J.57 0.287 —-0.542°7
0L.00 3 &7 C.323 -0 4911
Q.00 I &B7 Q.3603 —-0.4096
2.4% S.90 0.40%9 ~0.388L X
7.32 13 .0 C.4a61 -0.3366 KK
L.44 129,48 0.319 -0.285%1 %
4.8 20,24 0.584 ~0.23346 AX
Zul2 2738 C.4688 =-0.1821  dKXK
L2200 39.29 D740 —=0.1006 REKAKK
.74 48,81 D.833 ~0.07%! hXK4
Y76 58,33 D.938 ~0.027a Rokkk
Lo .83 84 &7 L.OG7 Q0.0239  ACKAOKKICIRK K
244 84,90 1.190 0.0754 X%
Fela P1.00 1339 0.1269 dokx
DAl Qe a7 1.5%08 0.1i784 %
oA 93,91 1L.&698 D.229% X
o) L 2 3 4
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STATISTICS and HISTOGRAM

SUMFARY

|4
i

FE s

Q-3

D5y LO/94

SHEBRHSR S REEY

LOGARTTHMIC valLES

Vartable = Rz Uil = MG/ K o= qz
Mean = -0. 2271 M = -0, 8axe sl Ouartile = ¢ S 2k
Std. Dev. = O Q437 Mar = O 2041 Median = -0.0n44
CVY " = 114.1341 Stewness = ~0.2077 Svd Quarlile = ~0.0114
Anti~Log Mean = 0.593 Anti-Log Sld Dev. ¢ {-1 0.3.3
Lt 1 oua
- cum I antilog cls ani (# of bans = 17 ~ opin size = 0C.0643)
.00 1.14 G.139 ~0.8580
<.33 3.41 0.162 -0 7918 X
«e33 S.a8 C.187 —-0.7275% x
0.00 5,68 C.217 —0.6433
4.465 10.23 0.252 —0.5990 X%
<.33 L2.50 0.292 -0.5348 X
F.30 T1.59 0.338 ~0.4705 ddorsk
4.6% 26.14 0392 ~0.4083 xx
11.63 37.50 0.455 -0 3420 XIokkk
«.33 39.77 0. 52 ~-0.2778 %
.30 48.84 0.612 —-0.2135  skkx
11.43 40.23 0.707 ~C. 1493 kiokkk
4£.98 &7.05 Cu82L  ~0.0880 Nk
.98 73.84 0.933 —~0.0208 Nk
L1.63 85.23 1.105 Q. 0435 ARk
C.00 83.23 L.282 CG.1077
£.98 92.05 1.486 0.172 KK
6.98 98.86 1.723 Cu23&8L  Kkk
o 1 2 3 4
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1 i4 2L

08 1098

6 400

RFP » OU-C

i FROBABILITY -PLOT . oo

-3 0%G-1

-9 B30

T

-9 3307

-1 380

-4 200

g0
PERCERT

) -

LBGARITHNIC VALUES

UARIABLE = Be
UniT = (=723
N = 43
h CI = i7
FOFLLATIOHS
Pop Hear £td De. s

Pop THRESKOLDS
H -3 75%5 o F00E
RAM DRTA ML

PRARNHETER ESTINATES

a

~of Avaitasle Copy



L4z L5331 FFF » DU-3 05/10/94

i

HHEAPER SRR RS E R H R R R PR B RS RS R R IR B R AR HRB R R AR R B RAB RN
FaRAMETER SUMMARY STATTSTILCS FOR FROBABILITY FLOT AMALYSIS

Data File Mare = RBE-1D.DAT

h

Vetriable = Bea Unail = PlE/K M 13
M Cl = iz
Trarefora = Logatri thmic Mumber of Fopulat-ons = 1

# of PMissing Obhservalions = 0.

EDLNIN RS ARLNNRND B a p= SRIpemnme = = =3 iat

32 3

Rawy Dala Maxamum Lilelihood Farameter Estimales

Mlaximum LM crtolrhoad Value = —-3. 205
Faramelerizeod Degrewss of Freedom = 1
FPopulation Flean Std Dewv Fercen tage
1 C.393 - 0.323 10G.G0

“+ l.o088

HEHHBHSHE B HH AR HEHH S RS HEHAHE R R R REHHE R EHEHE R RS HRE R EHEHER R EHEHE
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13:44:09 RFF / OU~3: Be-S Co/24/%:
$HEHEHF R R HHAHEHHBRH R FHEH S S S LGB E B E S SHEH SRS S ES SRS E RS 44U H S S S E H 4 S 38441
SUMMARY STATISTICS and HISTOGRAM LOGARITHMIC VAlLUES
Variable = Ee Unmit = MG/ N = i1é6
Mean = -0.0217 Min = -0, 3872 lst Quartile = -0.0862
Std. Dev. = 0. 1683 Ma. = 0.1761 Median = 0.0414
CV Z = 773.9253 Skewneess = -Q.7923 3rd Quartile = 0.1139
Anti—-lLog Mean = 0.951 Anti—~Log Std. Dev. : (-} 0.646
(+) 1.401
pA cum % antilpog c£ls int (# of bins = 13 - bain sizce = 0.04469
0.00 2.94 0.388 -0.4107
6.25 8.82 0.433 —-0.3&3I7 =
C.00 8.82 0.482 -~0.31468
Q.00 B8.82 C.8537 ~0.2699
12.50 20.59 0.399 —0,.2229 »x
CG. 00 20.59 0.667 -=0.17&0
©.25 26.47 0.743 ~0.1290 =
&.25 3I2.35 C.828 -0.0821 =
0.00 32.35 0.922 ~0.0351
18.75 S50.00 1.028 C.0118 *x*
i8.75 47.45 1.145 0. 0587 wx%
b6.25 73.53 1.275 0. 1057 =
12.50 85.29 1.421 0,1326 **
12.30 97.06 1.583 0.1996 %
e} 1 2 z ‘
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13:45:32 RFP / OU-3: Be-S 0&/24/94
#HHdHH WSS F RS H RS HER HGHER SR RS H R R R B S SR U S S S S S SR SRR
FARAMETER SUMMARY STATISTICS FOR PROBARILITY PLOT ANALYSIS

Data File Name = A:BE~S.DAT

Variable = Be Unit = MG /K N = 16
N CI = 13
Transform = Logarithmic Number of Populations = 1

# of Missing Observations = O.

Raw Data Mavimum Likelihood Parameter Estimates

Masimum LN Likelihood Value = 6.311
FParameterized Degrees of Freedom = i
Fopulation Mean Std Dev Percentage
1 0.951 -~ 0. 646 100.00
+ 1.401

i s oy e et et e S S St A e S S S

Default Thresholds.
Standard Deviation Multiplier = 2.0

Thresholds

— oo —— v sy g o o

Pop.

1 0- 438 -~ 2. 065
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