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Instructions for the .
Final RFI/RI Report Burma Road Rubble Pit (231-4F) (U), Volume I
Revision 1.1, dated September 1995

* Remove pages 5-17, 5-18, 5-31, 5-32, 5-75, 5-76, 5-93 through 5-98, 5-103, 5-104, 5-111,
5-112, 5-117 through 5-120 (revision 1) from the RFI/RI Report. . -

* Insert pages 5-17, 5-18, 5-31, 5-32, 5-75, 5-76, 5-93 through 5-98, 5-103, 5-104, 5-111, 5-
112, 5-117 through 5-120 (revision 1.1) into the RFI/RI Report.

* Remove Chapter 8 (revision 1) from the RFI/RI Report.
¢ Insert Chapter 8 (revision 1.1) into the RFI/RI Report.



Changes to.the ' ‘
Final RFI/RI Report Burma Road Rubble Pit (231-4F) (U), Volume I

Revision 1, dated July 1995

The entire RFI/RI Report (Volume I) was changed because, upon revision, the document
was changed from one computer and software package to another This resulted in
shifting of text. Some page numbers have changed.

The Table of Contents has been updated to reflect the ehenges in page numbering.

The Executive Summary, List of Acronyms Chapter 1, and Chapters 3 through 9 have
changes in content. The changes are in bold face and a vertical bar is used to indicate
where these changes are located. - Chapters 1, 2, 4, and 5 have changes in some of the
figures.. Chapters 4, 5, and 6 have changes in tables.

The appendlces have been placed in a separate binder (Final RFI/RI Report, Burma
Road Rubble Pit (231-4F) (U), Volume I Appendices).
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RCRA Facility Investigation/Remedial Investigation Report for the Burma Road Rubble Pft (2314F),
Revision 1 - July, 1995. -

REGULATORY SUMMARY

The RCRA Facility Investigation/Remedial Investigation Report for the Burma Road Rubble Pit (2314F)

was developed by request of the regulators to justify the No Further Action Proposed Plan. . This revision
inc_orporatm comments from EPA and SCDHEC, :

BA RO

The Burma Road Rubble Pit (BRRP) 231-4F was constructed in 1951. Hazardous and radioactive wastes

were not permitted in the Rubble Pit. From 1973 until 1983, The pits received predominantly \
construction material/wastes such as lumber, plastic waste, metal waste, wire scrap, concrete, gravel,
fluorescent light ﬁxturgs,.glass, and foam. The BRRP was closed in 1983 by coveringit withsoil. =

The Burma Road Rubble Pit was investigated from Novlamber 1993 to February 1994 for the RFI/RI

report. These inivestigations included a grourid penetrating radar (GPR) survey, a magnetometer survey,>
. electromagnetic survey, soil gas surveys, soil sampling from the surface and from seventeen borings,

surface water and sediment sampling, groundwater well installation (nine wells) and sampling, and a
piezocone/hydrocone investigation. The primary objectives of the investigation of the BRRP were to
determine whether hazardous substances are present, to determine the extent of contamination existing in

adjacent soils and groandwater, to characterize the physical environment, to evaluate the fate of possible -

contaminants, and to assess the human health and ecological risks as a result of contamination.

Soil sampling analysis was conducted on surface soils and subsurface soils from the base of the pit until
two consecutive sample field screened as clean. Soil sample contaminants in this investigation were

-compared to Criterion Background Concentrations, (CBC) Lé. two times site specific background, as a
"screening device, If the contaminant éxceeded the sample was then compared to the Risk Based

Concentration (RBC). If the value exceeded both the CBC and the RBC, then that contaminant merited
further analysis in the'Baseline Risk Analysis (BRA). - . .
Groundwater flow at the BRRP is generally from the east. The F-Area Process Sewer Line, which
transported the waste water to the F-Area Seepage Basins, is up gradient to the BRRP. The majority of .
the groundwater contamination in the BRRP can be attributed to upgradient sources. Those contaminants
which may have the BRRP as a source, exhibit concentrations which are below the F&H Remediation

Goals. .

The source was characterized by the geophysical surveys, the soil gas surveys, and the documentation

generated while drilling through the pits in the process of acquiring soil samples. Field screening via an

OVA was also documented and utilized as part of the source characterization.

ot



Based on the field investigation, SRS believes that the nature and extent of contamination associated with
the Burma Road Rubble Pit are adequately defined. As stated in the BRA, the risks and hazards .
attributable to the constituents present in the BRRP are below accepted EPA action levels. For future on-
unit workers and future resident scenarios, the carcinogenic risk deterniined in the BRA is less than
10E-04 and the non carcinogenic hazard is less than 1.0 except for nitrite/nitrate. These values are
consistent with recent EPA guidance and indicate that No Action (NA) is required to protect human -
health or the environment.

Slgmﬁcant changes to this revision include:

1. specifically stating and justifying No Action,
2. inclusion of concentration versus depth by boring cross-sections, (Secuon 53)for
applicable contaminants,
3. inclusion of a section on source ‘characterization, (Section 4.4) using information
obtained from soil borings,
4. - utilizing Criterion Background Concentration, twnce site specific background as
’ screening device.

DOCUMENT APPROVAL

The RCRA Facility Investigation/Remedial Investigation Report for the Burma Road Rubble Pit (231-4F)

concludes that no further action is needed at this waste unit.

Al EPA and SCDHEC comments on the RCRA Facility Investigation/Remedial Investigation Report for
the Burma Road Rubble Pit (231-4F), Revision 1 have. been addressed and are reflected in lhls document.
Itis requwted that this document be approved.

ATTACHMENTS

Certification page requiring DOE signature
RFI/RI Report with WSRC approval page

Copy of responses to EPA and SCﬁ_HEC comments per Rev. 0 SN

-



JULY 6, 1995

COMMENT RESPONSES FOR SCDHEC.
COMMENTS ON THE RFI/RI REPORT
FOR THE BURMA ROAD RUBBLE PIT
Page 10f3

In general, it appears that the required data for soil sampling is- present but may
need to be presented in a format that will more clearly illustrate the extent of
horizontal and vertical contamination, if any, that may have actually occurred at’
the referenced solid waste management unit. The data should be presented in
a manner where all reviewers of the document, including the general public,
can readily and easily comprehend the data ‘and the actual extent of
contamination, if any, that may have occurred The format changes are
suggested. -

A.

Tables should be provided that present each borehole, including
background borings, each depth discrete interval, and all waste
contaminants found to be above the background practical quantitation
limit at each depth discrete interval. This format should clearly illustrate
which soil samphng boreholes had contaminants above the background
practical quantitation limits and at what depth they occurred

_ AGREE. These tables have been mcluded in chapter 5 of the revised

document.

From the data provided. in the.aforementioned Tables, concentration
contour maps illustrating the vertical and horizontal extent of
contamination exceeding appropriate ‘background levels should be
presented. Basically, the tabular data should-also be presented in a
graphical format where the. contaminant plumes with contaminant
concentrations exceeding appropriate background levels can be visually

.displayed. If possible, three dimensional figures should be used in order

to illustrate the contaminant distribution profiles.

AGREE. The data has been presented in a graphical format in chapter 5 of
the revised document.

Figure 4-17 on page. 4-49 of the referenced report is a cross section
through the pit boundaries. This figure should be revised per the
following: - : '

e The blue-line reproduction is difficult to read. Sections of the

' geophysical and stratigraphic logs are "smeared." An alternative
- reproduction method should be used (elther color or black & white).

AGREE. This hydrogeologlc cross-sectlon has been revised accordmgly

e A vertical scale should be provided on the cross section. The top of
the land surface should also be indicated.

AGREE. Thls hydrogeologic cross-section has been revised accordingly.



JULY 6, 1995
COMMENT RESPONSES. FOR.SCDHEC .
COMMENTS ON THE RFI/RI REPORT
FOR THE BURMA ROAD RUBBLE PIT
Page 2 0f3

e An inset location map should be provided on the cross section with
* the transect clearly delineated. The ends of.the cross sectlon should
be labeled (i.e.; A-and A').

AGREE. This hydrogeologic cross-sectmn has been revised accordmgly

e All units and structures of interest should be clearly labeled on the -

cross section (i.e., water-table, confining units, pit boundaries,
potentrometnc surfaces for lower aqulfers, etc.).

AGREE. This hydrogeologic cross-sectlon has been rewsed accordingly.

D. Section 4.3.2 Hydrogeology should be revised to include a‘table with the
" groundwater elevations for the different wells in the differént aquifers.
Groundwater, elevation contour maps should follow this table for the .
different aqulfers An estimated groundwater flow direction for the lower
" aquifers should be calculated using the three data points which are -
available. These flow directions should be indicated on-appropriately .
scaled with the wells clearly indicated.

AGREE. Section 4.3.2 has been revised accordingly.

 E. Section 5 should be revised to include the groundwater analytical results

" in’a tabular format. These tables should include the well#, date sampled,

. and concentration for all constituents detected . above

background/detection limits. - All detections above an MCL should be

highlighted in some manner. A similar table for the hydrocone
groundwater sampling data should also be provided.

AGREE. Section 5 has been revised accordingly :

F. - All s1gmf1cant groundwater data should be appropnately displayed on
plan-view maps (elther as concentration contours or in concentratlon'
boxes).

| AGREE. Section 5 has been revised accordingly.

G., All significant groundwater data should be appropriately displayed on
cross section maps of the unit. Concentrations for selection constituents .
should be displayed at appropriate sampling interval.. The cross sections.

.should also show the pit boundaries (horizontal and verhcal), water table
elevation, and any other pertinent features.

AGREE. Section 5 has been revised accordmgly
2. Tables 5-2, 5-4, 5-6, and 5-10 refer to proposed RCRA’ Action Levels. These
Tables should also include the ‘data for the U.S. EPA Region 3 Preliminary
, Remediatiqn Goals (PRG's). . .

AGREE. These Tables have been revised accordingly.



JULY 6, 1995

COMMENT RESPONSES FOR SCDHEC. .

. 0 -COMMENTS ON THE RFI/RI REPORT

! A - FOR THE BURMA ROAD RUBBLE PIT
. ’ Page-3 of 3

Section 5.3.1 discusses 'thé use of D'Agostmo s Test, Students T Test and the.
Kruskal-Wallis Test in order to statistically analyze the soil sampling data.
References-to these statistical .tests should be deleted as per. the U.S, EPA -

memorandum "Principles of. Agreement for Performmg Future Baseline Rrsk
Assessments for the SRS "

AGREE. The text has been revised accordmgly

. Tables 5-1, 5-3, 55, 5-7, and 5-9 prov1de background data from the background

soil sampling locations, Provide additional dlscussron clanfymg how the. actual
background levels were actually estabhshed

AGREE. The revised document has prov1ded addlhonal d1scussron regardmg the
establishment of background levels..

. Section 8 (Summary and Conclusmns) should be revised to include the proposed

path forward for this-unit.” This section should clearly state one of the following;:
Whether or not addltlonal assessment is needed.
If remediation options should be pursued through an FS.
* Whether or hot no further actlon is warranted.

AGREE . Section 8 has been revised accordmgly

. All references to thé 100 X MCL and 20 X TCLP rules for screenmg out -

contamination levels of concern -in soil.should be deleted. These are not °

- acceptable screening tools: Companson to the site specrﬁc background levels

would be more appropriate..

AGREE.. The revised document has been amended accordmgly

. Please add the MCL for tritium to Table 5-25

AGREE Table 5-25 has been rev1sed accordmgly
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JULY 6, 1995

COMMENT RESPONSES FOR EPA
COMMENTS ON THE RFI/RI REPORT
FOR THE BURMA ROAD RUBBLE PIT
Page 1of9

-

General Comments -

The rationale for éollecﬁng sediment éamples at a depth of 6 to 12 inches fails to
satisfy Risk Assessment data requirements. How will this data be used and will
it adversely affect the generation of a risk assessment? ‘

CLARIFICATION. A section has been added to the text in Section 3 discussing
the Work Plan strategy and the adequacy of this strategy in determining the nature
and extent of contamination at the waste unit. The Work Plan was drafted in
accordance with' the current risk assessment protocols at the time of work plan
development. - ‘

Please explain the adequacy of the limited number of surface runoff sediment -

" samples which were collected at the BRRP. In addition to the samples that .

were collected from the ditch west of BRRP, surface runoff sediment samples
should also be collected from the ditch located northwest of the site and from
the swale located southeast of the site. No surface runoff sediment samples
have been collected from these downgradient features. These samples are
needed to determine if contaminants have migrated offsite via the surface water
pathway. . ~

CLARIFICATION. A section has been added to the text in Section 3 discussing
the Work Plan strategy and the adequacy of this strategy in determining the nature
and extent of contamination at the waste unit.

No surface water, background samples were collected during the RFI/RI for
comparison with the onsite surface water samples. Background surface water
samples should be collected from .a nearby surface water body that is not
affected by the BRRP.

DISAGREE. A section has been added to the text in Section 3 discussifig the Work
Plan strategy and the adequacy of this strategy in determining the nature and extent.

"of contamination at the waste unit. During the entire investigation it was observed

that standing water was present in a low lying area adjacent to the waste unit. A
field decision-was made to collect the surface water samples in addition to the

. sampling specified in the RFI/RI Work Plan for the Burma Road Rubble Pit (WSRC-

RP-90-1104, Rev. 2) in order to be conservative and provide additional data not
considered during the regulatory review of the Work Plan. Background surface
water samples were unavailable because there is no upgradient body of surface
water within a reasonable distance of the waste unit from which to obtain a unit-
specific background sample. As shown on page 5-73,-Table 5-27, analysis of the
surface water samples revealed no contaminants for which there exists a MCL to be

- present above the MCL.



. JULY 6, 1995
.COMMENT RESPONSES FOR EPA
COMMENTS ON THE RFI/RI'REPORT
FOR THE BURMA ROAD RUBBLE PIT
Page 2 of 9

4. Although a conclusions and summary section is provided for the Burma Road
Rubble Pit in the Final RFI/RI Report, recommendations for further activities are
not provided. The text should be revised to state whether further actions are
needed at the site. )

AGREE. The text has been revised to include the pro‘posed path forward for- this
waste unit.

SPECIFIC COMMENTS -

Section 1

5.. pg 1-4: This figure is difficult to read because it has been.copied so often (This,
comment applies to.several figures in this document).. Please correct this
problem.

AGREE. This figure and all others that have degraded image quahty due to
multiple generations of photocopying have been corrected.

6. pg 1-10, Figure 1-5: Figure 1-5 is a water table map for the F and H areas. This -

figure should also provide the date on which these water levels were measured.
This information is necessary to ensure that the water levels on which this map
was developed were measured on the same day. ,

DISAGREE. As stated-on page 1-10, Figure 1-5, the water levels. deplcted on the
map were taken in the third quarter of 1990 (July - September). The wells shown in
the figlire were sampled in July.and August. Because of the large number of wells -

"and the significant distances between these wells, it would be impractical to
" attempt to obtain water level measurements for all of these wells in one day. The

water table potentiometric surface shown on Figure 1-5 is intended to depict the’

. regional groundwater flow direction, whereas Figure 4-18 is intended to show the

local groundwater flow direction for the Burma Road Rubble Pit Waste Unit. Water -
levels-for wells within areas such as F-Area or H-Area are taken within a few days

, in order to provide groundwater flow information for their respective area, but .

many waste units such as the Burma Road Rubble Pit fall outside of these areas and
are thus not necessarily. included in these water level sampling activities.. Figure 4-
18 is based upon simultaneous witer table elevations obtained from the BRR water -
table wells on- April 17-18, 1994 Both Figures have been updated to reflect 20094 -
samplmg data. - N
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- JULY 6, 1995
- : ) COMMENT RESPONSES FOR EPA
: COMMENTS ON THE RFI/RI REPORT

FOR THE BURMA ROAD RUBBLE PIT- .
Page 30f9 .

Section 3

pg 3-13, Paragraph 2: The text states that there were four separate soil gas
surveys completed in October, July, September, and July. However, the soil .
moisture suiveys completed in October and September do not appear low . -
enough (considering rain and purge water table with a high capillary zone).
The text should explain if seasonal variation affected the results of these values
compared with the July reading.

DISAGREE. Soil moisture wasnot measured in any of the aforementloned soil gas
surveys.

pg 3-17, Paragraph 3, Sentence 4: One of the Surface and Subsurface Soil

Sampling Objectives was to determine contamination within GPR Zone 1, 2,

and 3; however, the text does not define the zones within the context of this
section. The text should identify the GPR zones or refer the reader:to Figure 1-
3. '

AGREE. Pége 3-17 has been'amended to refer the reader to Figure 1-3. -

pg 3-19: The VOC screening. methods given here is of limited value; readings
should be taken in real time, not 20 minutes after the sample is collected.

DISAGREE. The field screening method utilized in this field characterization is
more conservative than simply taking a real-time measurement. Field conditions are
often windy so that volatile organic vapors which may be present within the soil
void spaces are rapidly dissipated.” Placing a portion of the sample ih a sealed
glass jar and waiting twenty minutes allows time for volatile organic vapors to
accumulate in the headspace of the sealed sample jar, thus readings would be
expected to be higher than they would be if taken immediately tipon opering the
split spoon. This procedure serves to minimize the potential for discontinuing .
sampling within a borehole before the vertical extent of contamination is determined
and allows for a'cost-effective characterization of the horizontal and vertical extent
of contamination in one field sampling event. In addition to this screening data

. which is used to determine the depth of soil borings, the breathing zones of field

workers were contmually monitored with -the OVA to ensure safe working
conditions. :

pg 3-26: It is not clear why all sample intervals were not analyZed for the same
analytical parameters.

CLARIFICATION. Analyhcal su1tes were deterrmned by taking into account the
unit history and the characteristics of the specific contaminants such as mobility -
within the soil matrix and potential fate and transport mechanisms. Additionally,
because the soil volumes obtained by the split spoon sampling device were often
insufficient to fill all of the sample bottles (especially on duplicate samples), the

analytes had to be prioritized based upon unit history, contaminant mobility, and

* potential fate and transport mechanisms. Time and cost were also considered

during the development of the sampling plan. The rationale utilized in deterrmmng
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JULY 6, 1995
COMMENT RESPONSES FOR EPA

COMMENTS ON THE RFI/RI REPORT"

FOR THE BURMA ROAD RUBBLE PIT
Page 4 of 9

the analytiéal suites and their respective prioritization has been discussed in the
revised Section 3. ' '

pg 3-37: 1t is not clear if the sediment sample was thoroughly mixed before
being placed in the sample container.

AGREE. The VOC sample }aré were filled first directly from the spatula
sampling device. The sample was then homogenized in a stainless steel bowl and

the other sample jars were filled. The text has been revised to explicitly state the
_sampling procedure followed.

pg 3-47: How was the decon rinse water disposed of?

CLARIFICATION.  The decon rinse water was poured onto the ground surface -
of the waste unit. This statement has beeh added to the text.

Pg 3-51: PVC should not be subjected to high pressure steam or temperatures
greater than 100° F because the extreme temperatures reduce the collapse
strength of the material.

CLARIFICATION.  All well materials were steam cleaned prior to placement in
the borehole, as specified in 3Q5. Although it is true that PVC pipe should not be
used to contain/transport a fluid which is at a sustained temperature of greater

.than 100° F or sustained high pressure, the well materials are open at both ends

and are thus subject to equilibration with ambient atmospheric temperature and

~ pressure. Although the water at the tip of the pressure washer nozzle is at-high

temperature and pressure, these conditions are not sustained within the PVC pipe
for any substantial amount of time. Rather, the jet of hot water/steam is used to
rinse off the PVC pipe for only a few seconds. Therefore,:it would not be
expected that the collapse strength of the well materials would be decreased to-
any appreciable degree by the steam-cleaning activities specified in WSRC 3Q5.

pg 3-51:" Were heaving éands the reason mud rotary was chosen over hollow
stem auger drilling techniques? .

AGREE. Because of problems with flowing sands causing the borehole to cave in,

mud rotary drilling techniques are generally used for all borings which are to be
advanced below the water table. Text has been added to document.

pg 3-56: Were sieve anaiyses conducted to deten'nine if the filter pack sand
particle size was appropriate for the lithology of this site? If so, are the sieve

analyses in Appendix B those used to determine filter pack-size?

CLARIFICATION. “No. In the past, sieve analyses were conducted for all wells
for determination of filter pack size. However, the analyses of the soil particle
sizes virtually always resulted in selection of the same filter' pack particle size.
Therefore, per WSRC 3Q5, in order to save both time and expense, Foster Dixiana °
FX50 filter pack washed: silica sand (average particle size 0.50mm) is tsed in all
well installations unless local geologic conditions dictate a deviation from this

C



Y 6, 1995

COMMENT RESPONSES FOR EPA
COMMENTS ON THE RFLURI REPORT
FOR THE BURMA ROAD RUBBLE PIT
Page 5 of 9

practice. Data from the continuous cores and the fact the existing wells used the
standard grain size filter pack material showed the standard Foster Dixiana.FX50
filter pack washed silica sand to be suitable for use in the new BRR wells. To date,
no problems have been encountered with the. new BRR wells.

Section 4
16. pg 4-5 Figure 4-2: The figure should include a north arrow.
AGREE. A north arrow has been included on the revised figure.

17. Figures 4-3 through 7: The frgures should identify the cross section location
pomts on the map reference and in the text. .

AGREE. As stated on page 4-1, Figure 4-3 is a marked up sample cross secuon '
intended to aid in interpretation of the other cross sections. Figures 4-4 through 4-
7 have the line numbers in the upper left corner (the line numbers refer to Figure 4-
1). The text has been revised to state this. .

18. pg4-45: "The second part results from the natural background of these species
‘Thexane and pentane] in the Savannah River Site area." Is this statement
implying that héxane and pentane are naturally occurring at SRS?

CLARIFICATION.  The text has been revised to include the following statement:
In support of the natural occurrence of hydrocarbons in the Central Savannah River
Area (CSRA), recent geochemical investigations conducted on late Eocene Griffins
Landing Member (GLM) of.the Dry Branch formation carbonate outcrop.samples -
from Griffins Landing, Georgia, detected the presence of wet saturated .-
hydrocarbons When fractured, outcrop samples produced a petroliferous odor.

19. pg 4-46, Paragraph 3, Sentence 2: The text should identify the location of very
high methane concentratmns in the text and on the map.

AGREE As shown in Appendix F, Table 3 the hlgh methane hit occurred at
location #188 on Figure 4-16. The text has been revised to state this.

20. pg 4-47, Paragraph 1, Sentence 1: The text should compare the result of the
past Soil Gas Survey with the results of the current survey within the
summary

AGREE The summary section (Section 4.2. 2. 1) has been revised accordingly.

21. pg 4-51, Paragraph 3, Sentence 1: The text reads "one mile to he southeast .
This is a typographical error, and the text should be revised.

AGREE. The typographical error has been corrected.
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JULY 6, 1995

COMMENT RESPONSES FOR.EPA °

COMMENTS ON THE RFI/RI REPORT.
FOR THE BURMA ROAD RUBBLE PIT
Page 6 of 9

pg 4-53: What are the well numbers for these measurements?
AGREE. The well numbers have been inclisded on the revised figure. .

pg 4-59: Were the unretrievable augers lost in the hole at location PC-6
marked so that, in the event geophysical surveys are made in this area, it

would not be assumed that the spike on the scan is a drum?

CLARIFICATION. Yes, the coordinates of the borehole containing the augers yvere‘ -:\
determined by land survey, and the location was marked with a wooden stake.
The text has been revised to state this. - :

pg 4-62: .The deviation from the procedure given in WSRC 3Q5 for headspace. - '

analysis indicates how important it is.that someone. froin EPA review. this

procedure for adequacy, before it is 1mplemented . EPA contends that
collecting VOC readings from a sample in a plastic bag is bogus, because.the
OVA is reading the plastxcrzers from the bag. ‘Hence, the values are viewed by
EPA as being suspect. . :

AGREE. As stated on pageé 4-62, a glass jar rather than a plasllc bag was used |
to contain the sample due to the problems mentioned in the above comment. The
Values ‘obtained in this investigation are therefore valid screening data.

pg 4-62, Paragraph 2, Sentence 3; The text should define STR in the Section

.of Acronyms.

AGREE.. The List of Acronyrns has been revised'.accordjngly. ;

pg 4-72: As for the wells BRR-7B and BRR-8D collapsing, another possible
cause is steam cleaning the PVC casing prior to use. PVC should not be
subjected to high pressure steam or temperatures greater than 100°F because
the extreme temperatures reduce the collapse strength of the material. ‘

DISAGREE. See response for comment #13. .
pg 4-77, Table 4-4: Why are the feet of filter pack, feet of fine sand and feet of
bentonite 50 variable from well to well? Also why as so much sand placed
above the top of the screen? Bentonite seals are usually around 2 feet in -
thickness - not 4 to 9 feet as noted here.

CLARIFICATION. The well$ were installed in accordance with WSRC 3Q5.
WSRC 3Q5 states that the bentonite seal shall have a minimum thickness of 4 feet.

- Thickness of the bentonite seal is often varied in order to ensure a good seal with'a

local confining unit to minimize the potential for cross contamination between '
aquifers. The text has been revised to explain the aforemenhoned variability in
filter pack, fine sand, and bentonite. ~
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JULY 6, 1995 .

COMMENT RESPONSES FOR EPA -
COMMENTS .ON THE RFI/RI REPORT

FOR THE BURMA ROAD RUBBLE PIT ,
: Page 7 of 9

© Section 5

In Section 5, Table 5-6, Table 5-11, and Table 5-12, the text does not recogni\ze'_-.

that chloroethene and' vinyl- chloride are actually the same compound.
Therefore, the text incorrectly states that there is-a regulatory level for vinyl
chloride but not for chloroethene.

AGREE. - On page 527, the text does state that chloroethene and vinyl chlonde
are synonyms. Tables 5-6 and 5-12 are in error and have been revised to reflect the
proper regulatory level for chloroethene. Tables 5-6, 5-11, and 5-12 have béen ..

revised to demonstrate that chloroethene and- vmyl chloride- are the same

compound

Pg 5-20, Table 5-14: There are numerous inconsistencies between the data on
Table 5-14, which shows arsenic concentrations detected in soil 'samples’at
BRRP, and Appendix J, which provides the labgratory analyses for.the ‘soil
samples at BRRP. For example, Table 5-14 shows arsenic concentrations

" detected in soil sample BRRP 06 collected at a ‘depth of 0 to 2 feet as being

6.07 milligrams per kilogram (mg/kg); however, Appendix J shows the arsenic .
concentrations for this sample ‘as.3.45 mg/kg. Please explain. why these
discrepancies exist between Table 5-14 and Appendix J. '

AGREE. The table is in error. Evidently the mistake is the result of a. ..
transcnptlon error, since the concentration for Antimony, which is immediately
above arsenic in the table in Appendix J, is 6.07 mg/kg. The correct concentration -
for arsenic is 3.45 mg/kg. An additional error was discovered: Sample BRRP 08,
from 0 to 2 feet, should not be in the table because it was actually shown in-the lab .

data ag undetected (lab qualifier "U"). Sample BRRP 15, from 0 to 2 feet, however,
should be included in the table because it is shown in the lab data as being present -

at an estimated concentration (lab qualifier *J") of 4.33 mg/ kg Table 5-14 has’

been revised accordmgly

pg 5-31, Table 5-16 Does the headlng "PRAL" mean proposed RCRA. actlon' .
level?

AGREE. Yes This has been added to the Llst of Acronyms and to the footnotes :
for the table.

General Comment: It was noted 1f a constituent was detected dunng ‘one-
sampling episode, it might not be analyzed for the next few sampling episodes,
but would be some episodes later. How can trends be delineated 1f samples -
are collected on such'a sporadic schedule? ..

CLARIFICATION. A section has been added to the text in Section 3 dlscussmg

-~ the Work Plan strategy and the adequacy of this strategy in determining the nature

and extent of contamination at the wasté unit. Because methods for achieving
real-time laboratory-quality analytical data were not available at the time of this

- field characterization, the sampling strategy could not make analytical suites

contingent upon contaminants detected in the previous sample
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JULY 6, 1995°

COMMENT RESPONSES FOR EPA

COMMENTS ON THE RFI/RI REPORT

FOR THE BURMA ROAD RUBBLE PIT
Page 8 of 9

pg 5-65, Paragraph 3, Sentence 1: The :text reads "See Figure 4-18 for
Hydrocone sampling locations." However, the figure number should be 4-19.

AGREE. The text has been revised accordingly.

pg 5-73:+ Why -w_eren't background/upgradient samples collected for

comparison purposes. for sediment/surface water samples? This is a basic

sampling protocol.

. CLARIFICATION. A section has been added to the text in Section 3 discussing

the Work Plan strategy and the adequacy of this strategy in determining the nature -
and extent of contamination at the waste unit.. The surface water/sediment
samples from the borrow pit were collected in addition to the sampling specified in -
the RFI/RI Work Plan for the Burma Road Rubble Pit (WSRC-RP-90-1104, Rev. 2)

" in order to be conservative and provide additional data for the risk assessment not

considered to be necessary during the regulatory review of the Work Plan.
Background surface water samples were not collected because there is no
upgradient body of surface water within the immediate vicinity of the waste unit

_from which to obtain a unit-specific background sample.

Section 8

33.

34.

In Section 8.1.the text states that the trenches may be sources of

contamination. However, in Section 5.3.2.1 the analytical summary on
subsurface soil states that the pit contains high concentrations of compounds
which have not migrated below the pit. The RI is done to delineate the
vertical.and horizontal extent of contamination, so the text should determine if
the pit is a source of contamination or clearly define fhe vertical extent of

contamination.

AGREE. The text has been revised to define the horizontal and vertical of
contamination. ‘ B

It appears from this summary that BRRP is not considered to be the source of
some of the constituents for this site. However, there is not work proposed to
determine what the source of these compounds is/are. Will this proposal be
issued at a later date for review? ) :

CLARIFICATION. The purpose of this field characterization was to determine -
the nature and extent of any contamination emanating from the Burma Road
Rubble Pit Waste Unit. Determination of potential contaminant sources which fall
outside the boundaries of the waste unit were considered to be outside the scope
of the project. Sources of contamination will be determined on a case by case basis
as characterization activities are conducted at other waste units in-the vicinity of
the Burma Road Rubble Pit under separate schedules and/or regulations. -

C&m‘
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c COMMENT RESPONSES FOR EPA
COMMENTS ON THE RFI/RI REPORT

FOR ‘THE BURMA ROAD RUBBLE PIT
Page 90of 9,

35. pg 8-2, Pafagraph 2, Sentence 3: The text reads the "water talbe" instead of
“water table." The typographical error should be revised. .

AGREE. The typographical error has been corrected.

Appendix C

36. It was noted that there are momtofmg well construction logs for wells BRR-7B
: and BR-8D. Since the casing in these wells collapsed (Sechon 4, pg 4-72) were
these ‘wells’ abandoned" . .

CLARIFICATION. . Wells- BRR-7B and BRR-8D were abandoned. The Well
Abandonment Forms have been added to Appendix C for danﬁcatlon

Appendix ] ‘

37. It was noted that field blanks were prepared with distilied water. EPA
protocol requires that only organic-free, analyte-free water should be used for
QA/QC blanks. ,

AGREE. The text has been revised to state "deionized water" rather than
"distilled water." Field charactenzatxon -activities were conducted in accordance
‘with WSRC 3Q5. ’ . )

38. It was noted that much of the analytical data had a column for qualifiers and a ,
’ -column that may or may not have the notatlon “LT "' It was not clear what the
LT stood for.

AGREE "LT" stands for less than detechon limit. ThlS has been added to the
List of Acronyms

39. Were any of the blank QA]QC data submitted for revxew” No cham-of
~custody sheets were included that would have documented which samples -
were QA/QC” blanks. ’

AGREE. TheQA/QC blank sample data have been included in Appendix .
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EXECUTIVE_ SUMMARY

The Savannah River Site (SRS) is located in Aiken, Barnwell and Allendale counties, in South
Carolina. The Burma Road Rubble P1t (BRRP), also known as the Rubble Pit 231-4F, is located in
Aiken County, South Carolina. Certam activities at the SRS require operating or post closure permits
1ssued in accordance with Resource Conservatlon and Recovery Act (RCRA). The SRS received a
RCRA. permit from the South Carolina Department of Health and Environmental Control (SCDHEC),

This permit mandated that SRS establish and lmplernent a RCRA Facility Investigation program to .
fulfill the requirernents of\Hazardous.and Solid Waste Amendments (HSWA) Section 3004 (u).

On December 21, 1989, SRS was mcluded on the National Priorities List (NPL). In accordance wrth
Sectlon 120 of Comprehensive Environmental, Response Compensation,. and . Liability Act

(CERCLA), the Department of Energy (DOE) negot;ated a Federal Facility Agreement (FFA) with the
Environmental Protection Agency (I(EPA) and the SCDHEC to coordinate cleanup activities at-SRS.

The detailed and combined RCRA- Facility Investigation (RFI) and Remedial Investigation (RI) for

 this site determined whether hazardous substances were present in the subsurface, evaluated the nature -

and extent of contammatlon and evaluated the risks posed to the SRS fac111ty due to activities
conducted at the BRRP ' ’

The RFI/RI investigation was conducted from November 1993 to February 1994 at the BRRP. To
this end this investigation. included performing a ground penetrating radar (GPR) survey, a
magnetometer survey, an electromagnetlc survey, a soil .gas survey, soil samphng, surface water and -
sediment sampling, groundwater well installation _and sampling, and a piezécone/hydrocone
investigation. '

The BRRP unit consists’of two unlined earthen pits dug into surficial soil and filled with various waste -

" materials. The BRRP was used from 1973 untll 1983 for the disposal of dry inert rubble such as

metal concrete lumber, poles, fixtires, and glass No record of -disposal of hazardous substances at
the BRRP has been found In 1983, the BRRP was closed by covenng it with soil.

A GPR survey detected three disturbed areas of soil near the BRRP site. 'Two of these areas are
generally rcctangular and are suspected to be prts filled with waste materials. A third area of
disturbed soil southwest of these pits is believed to contain soil used for backfilling the two pits.

es-1
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Surface and subsurface soil samples were collected from seventeen locations on site: Soil borings

indicate that the soil in the vicinity of the BRRP is of a sandy constxtuency Metals, semi-volatile

organic compounds, volatile organic compounds, radionuclides, and ‘one, pestlclde (Aldrin) were’

detected in soil samples. Arsenic and-beryllium were detected at concentratlons that exceeded
either the criterion background concentration (CBC), whlch is equal to two times the average
unit-specific background concentration, or the residéntial risk-based concentratlon (RBC) for
soils. There were no-volatiles, seml-volatlles, or pesticides, PCBs, or dmxms/furans detected in soil
samples that exceeded either the CBC or RBC levels. There were several radlonuclldes that
exceeded the screening criteria; however, once the risk assessment was completed they were shown

3
to pose no human health risk. '

. Metals, volatile ‘organic compounds, semi-volatile organic compourds, radionuclides, and one

pesticide were detected in groundwater samples Of the compounds detected, mtrate/mtrlte (as

" nitrogen), mercury, carbon tetrachlonde, gross alpha particle actlwty, tritium, and thormm-234
were detected at concentrations that exceeded primary Safe Drmkmg Water Act-Maximum

Contaminant Level (SDWA-MCL) standards. These compounds were shown to be due to

migration from upgradient sources.

Surface water and sediment samples were taken from a borrow pit southeast of the BRRP site (Plate )

A). Compounds were not detected in surface water and sediment - samples at concentrations that
exceeded the screening cntena Arsenic was detected in runoff sediment samples at concentratlons
that exceeded the RBC levels. .

For the soil and sediment samples, it should be noted that since arsenic was used as a component of
agricultural chemicals in the period before the SRS emsted the detected arsenic valuées may be a
‘result of farming activities in the 1930's through 1950.

Based on the review of.the analytical ‘data and the’ screening techniqu'es used to determine the

constituents of concern, it is being proposed that no. actlon be performed at the BRRP unit.

Analytical data from surface and subsurface solls sedunents, and surface water samples have been

demonstrated to pose no risk. However, since the groundwater contammatlon detected at the
BRRP is due to migration from upgradient sources, it is being proposed that the contammatlon be
cleaned up under the RCRA Corrective Action Plan for groundwater remedlatlon in the F- and
H-Areas. C

es-11
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be attributed to up-gradient sources. Those contaminants which may have the BRRP as
a source, exhibit concentrations which are below the F & H Remediation Goals.

The source was characterized by the geophysical surveys, the soil gas surveys, and the
documentation generated while drilling through the pits in the process of acquiring soil
samples. Field screening via an OVA was also documented and utilized as part of the
source characterization.

Based on the field investigation, SRS believes that the nature -and extent of
contamination associated with the BRRP are adequately defined. As stated in the BRA,
the risks and hazards attributable to the constituents present in the BRRP are below
accepted EPA action levels. For future on-unit workers and future resident scenarios;
the carcinogenic risk determined in the BRA is less than 1E-04 and the non-carcinogenic
hazard is less than 1.0 except for nitrate/nitrite. These values are consistent with recent
EPA guidance and indicates that No Action is required to protect human health or the
environment.

Changes to this revision include:

o Revised Table 5-18 (included borehole numbers for beryllium)

o Revised Table 5-9 (included RBC for chloromethane)

. Revised Table 5-30 (included number of detections above RBC for
Cesium-137 and the borehole numbers where the detections occurred)
Changed the lead "at the tap" action level from 50 ug/L to 15 ug/L
Clarified the path forward for the groundwater at the unit
Provided additional information on Thorium-234 (e.g., sources of
contamination, parent elements, etc.)

DOCUMENT APPROVAL

The RCRA Facility Investigation/Remedial Investigation (RFI/RI) Report for the Burma
Road Rubble Pit (231-4F) concludes that no further action is needed at this waste unit.

All SCDHEC comments on the RCRA Facility Investigation/Remedial Investigation
(RFI/RI) Report for the Burma Road Rubble Pit (231-4F), revision 1,"have been
addressed and are reflected in the revision 1.1.

Document approval is requested by September 19, 1995 in order to meet the regulatory
submittal of September 20, 1995.

ACHMENTS
RFI/RI Report revised pages (rev. 1.1) with WSRC approval page
Certification page requiring DOE signature '

Copy of responses to SCDHEC comments on the revision 1
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DOCUMENT APPROVAL SUMMARY
RCRA FACILITY INVESTIGATION/REMEDIAL INVESTIGATION REPORT
FOR THE :
BURMA ROAD RUBBLE PIT (231-4F) (U)

DOE FIELD OFFICE
Savannah River Operations Office
DOCUMENT

RCRA Facility Investigation/Remedial Investigation Report for the Burma Road Rubble
Pit (2314F) (U) - Revision 1.1, September 1995

REGULATORY SUMMARY

The RCRA Facility Investigation/Remedial Investigation (RFI/RI) Report for the Burma
Road Rubble Pit (231-4F) was developed by request of the regulators to justify the No
Action Proposed Plan. This revision incorporates comments from SCDHEC on the
revision 1 document. EPA approval of the revision 1 document has been received.

BACKGROUND

The Burma Road Rubble Pit (BRRP) (231-4F) was constructed in 1951. Hazardous and
radioactive wastes were not permitted in the Rubble Pit. From 1973 until 1983, the pits
received predominantly construction material/wastes such as lumber, plastic waste,
metal waste, wire scrap, concrete, gravel, light fixtures, glass and foam. The BRRP was
closed in 1983 by covering it with soil. :

The BRRP was investigated from November 1993 to February 1994 for the RFI/RI
Report. These investigations included a ground penetrating radar survey, a
magnetometer survey, electromagnetic survey, soil gas surveys, soil sampling from the
surface and seventeen borings, surface water and sediment sampling, grouridwater well
installation (nine wells) and sampling, and a piezocone/ hydrocone investigation. The
primary objectives of the investigation of the BRRP were to determine whether
hazardous substances are present, to determine the extent of contamination existing in
adjacent soils and groundwater, to characterize the physical environment, to evaluate
the fate of possible contaminants, and to assess the human health and ecological risks as
a result of contamination.

Soil sampling analysis was conducted on surface soils and subsurface soils from the base
of the pit until two consecutive samples field screened as clean. Soil sample
contaminants in this investigation were compared to criterion background concentration
(CBC) (e.g., two times site specific background) as a screening device. If the
contaminant exceeded the CBC, the sample was then compared to the risk-based
concentration (RBC). If the value exceeded both the CBC and the RBC, then that
contaminant merited further analysis in the Baseline Risk Assessment (BRA).

Groundwater flow at the BRRP is generally from the east. The F-Area Inactive Process
Sewer Line, which transported the waste water to the F-Area Seepage Basins, is up-
gradient to the BRRP. The majority of the groundwater contamination in the BRRP can
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10 INTRODUCTION e '. -

1.1 qur;l)ose of the RCRA Facﬂtty in;esﬁgaﬁon/Remedial Investigaticn B

1.1.1. The RCI;A Facility Investigatihn (RFI) Program

k3

The Savannali River Site (SRS) is located in Aiken, B,arn\'vellf and Allendale_ counties, in South

Carolina. The SRS manages certain ‘waste materials which are regulated under the 1976 Resource

Conservation and Recovery Act*(RCRA). RCRA is a comprehensi\‘re law requiring “stringent

"management of hazardous wastes. The Hazardous and Solid Waste Amendments (HSWA) were

passed in 1984 to further augment the 1976 RCRA requxrements

‘Certain activities conducted at the'SRS require operating or post closure permits-issued in accordance
. with RCRA. Disposal units covered under RCRA and HSWA are classified as either fegulated ‘or non- '
regulated. Regulated units are those surface. impoundtnents, landfills, and waste piles (collectively .-

termed "land-disposal units")- w'hi.ch have received hazardous waste since November 19, 1980 and

require RCRA operating or post-closure permits. The SRS has received a RCRA pennit from _the

South Cardlina Department of Health and Environmental Control (SCDHEC). Part V ‘of the permit
: mandates that SRS- establish and 1mplement a RCRA Facility Investxgatlon program to fulfill the

requirement of HSWA Section 3004 (u).

HSWA Séction 3004 (u). mandates investigation and corrective action at non-regulated units. These’

non-reg_ulated units have been termed Solid Waste Management Units (SWMUs) and include uniits

where hazardous constituents are uncontrolled and could be released to the environment. Section ~
VA 1 of the SRS RCRA Permit lists 65 SWMUs that were 1dent1fied by the United: States )
Env1ronmental Protectlon Agency (EPA) Reglon IV through the.RCRA Fac1hty assessment process. -
The permit mandates that these 65 SWMUs be, further mvestlgated to determine the actual or potential -
impact of each unit to the envn’onment The Burma Road Rubble Pit (BRRP) is a’ non-regulated unit

that must be addressed in accordance , with.the permit reqmrements

1.1.2 CERCLA Remedial Investigation (RI) -Progrdm'

‘The Comprehensive Environmental, Response, Compensation,’ and- Liability Act. (CERCLA), as .
amended by the’ Snperfund Amendments and Reauthorization Act _(SARA), regulates the -
investigatiori-and cléanup of hazardous waste sites. The Hazard Ranking System (HRS) is used to_

1-1-



Final RETRI Report for the : o "WSRC-RP-94-1217, Rev. 1
Burma Road Rubble Pit . - . " July 1995

. evaluate the risks that haz'ardous waste sites pose to human health and the environment. The National

Pnontles List (NPL) is a list of hazardous waste sites which pose the miost significant risk to human
health or the environment. On the basis of HRS scores and state requests sites are placed on the NPL

. On December 21, 1989, SRS was included on the NPL. In accordance with Section 120 of CERChA, ’

the DOE" has negotxated a Federal Facility Agreement (FFA) with the EPA and the SCDHEC to

coordmate cleanup- act1v1t1es at SRS.

:A detailed remedia] -investigation, (R)/ feasibility study (FS) is réquired for sites which are listed on

the NPL. The RUES evaluates the nature and extent of risks posed by hazardous waste sites and
evaluates remedial options in order to 'select the best remedial altematlve The RI serves as a
mechanism to collect data to charactenze conditions on site, to evaluate the fate of contammants on

- site,-and to assess the risks to humans and the environment, which result from site condlttons The FS
uses the site specific information generated dunng the RI to evaluate remedral alternatrves and to

_select an appropriate remedy for the site.

This RFI/RI report contains the results of .the investigation conducted from November. 1993 to,

February 1994 at the BRRP. This mvesttgatlon mcluded a ground penétrating radar (GPR) survey,
magnetometer survey, an electromagnetxc survey, a soil gas survey, soil sampling, surface water a.nd

sediment sampling, groundwater well installation and -sampling, and a pxezocone/hydrocone

investigation. ‘This report presents an evaluation of the results of these mvestlgatlons to charactenZe

the site and contammatlon on site and presents recommendatlons for future action.
. N L4

The primary objectives of this investigation of the BRRP were to determine whether hazardous

substances are present, to'determine the extent of contarination existing in adjacent soils and . -
groundwater, to characterize the physxcal environment, to evaluate the fate of possible contarmnants N

and.to assess- the human health and ecological nsks as a result of contamination. More specrﬁc 4

'ob_;ectxves of ﬂus RFIRI i investigation are detailed in Section 3.

1.2 Unit Background

1.2.1 Un_it Location and Description

The BRRP, also known as the Rubble Pit 231-4F is located at the SRS (formerly the Savannah Rwer
Plant) in Aiken County, South Carolina (Flgure 1-1). The BRRP is approxtmately one-half mile _

1-2
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southwest of the F-Area Separations Facility and one-tenth mile southwest of C Road (Fig’ure' 1-2). .-
The BRRP is located betweén Upper Three Runs Creek (approxinaatel_y\_{}OOO feet to the northwest)

and Four Mile Creek (approximately one mile to the southwest). Plate A is an aerial photograph of

the site location.

The BRRP unit consists of two unlined earthen pits dug into-surficial soil and filled with variots waste'

materials. The BRRP was ongnnally repoxted to be 485 feet long, 125 to 150 feet wide, and at least
10 feet deep. Recent GPR data indicate that the BRRP -area consists of two generally rectangular pits,

‘each about 400 feet long, up to 50 feet wide and 10 feet deep (GPR ches 1 and 2, Figure 1-3). A .

small circular area of disturbed soil (GPR Zone 3, Flg'ure 1-3) was détected adjacent to these pits and

may have been used as a source of backfill for the other two pits.
T 1.2.2 Unit History
The BRRP was used from 1973 until 1983 for the disposal of dry inert rubble such as metal, concrete,

lumber, poles, light fixtures, and glass (Plates B-D). No record of the disposal of hazardous
substances at the BRRP has been found (Gordon et al 1987). - In 1983, the BRRP was closed by

covering it thh soil. Plate E tllustrates the current condltton of the BRRP. The - area lS currently -

delmeated by orange marker balls..’ : ) Ry
1.2.3 Previous Investigations

1.2.3.1 round l’enetraﬁn' edan GPR) Siirve

As discussed above (Section 1.2.1) a- GPR survey has detected three ‘disturbed areas of soil. " Two of .

these areas are generally rectangular (400 feet long, 50 feet wxde and 10 feet deep) and are suspected

to be pits filled with waste materials. A’third area of disturbed soil southwest of these ptts is believed

to contam s011 used for backfilling the two pits.

1.2.3.2 Ground Water Sampling

Five monitoring wells (BRR-1D through BRR-SD Figure 1-4) were installed in 1990 in the vicinity of

the BRRP to monitor groundwater quality: Analyses of groundwater samples collected from the o

second quarter of 1990 through the second quarter of. 1992 indicated that tritium, lead, manganese,

iron, chromlum total organic halogens (TOX), total radium, and alpha radium have exceeded the

1-4
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‘primary drinking water standards (Safe Drinking Water Act Maxium Contaminant Levels, ’SDWA
MCL) in at least one BRR well during' this time (Table '1-1). Chromium concentrations exceeded the
MCL in wells BRR 1,: BRR 3, BRR 4, and BRR 5 in the second quarter of 1990 samples, but were
below the MCL i in all BRR wells in the third quarter of 1990 samples. Total radium exceeded the
MCL once (BRR 3, thlrd quarter .of 1991) Alpha radium also exceeded the MCL in only one- sample
(BRR 3, second quarter of 1992). '

The groundwater samples collected from the second quarter of 1990 through the second quarter of
1992 were filtered. Samples collected in this RFI/RI investigation have not been fil'tered Therefore,
the earlier data is not suitable for direct comparison with the ‘data collected in this mvestxgatlon and
has been presented as historical mformatlon only. '

i

Figure 1-5 illustrates the. water table surface (i.e., the reglonal groundwater flow direction) in the

v1cm1ty of the BRRP as, calculated from second quarter (April - June) 1994 data from nearby We]ls :

The map indicates west-northwestward flow of the shallow aquifer system groundwater in the BRRP
area. The water table in the BRRP area was found from 61 to 83 feet below the ground surface.

Groundwater data from ‘two nearby areas, the F-Area Seepage Basins and the F-Area Separations
Fac1hty, suggested. the possibility that these areas may have impacted the BRRP. The F-Area
Separations Fac111ty is located apprommately 2,000 feet northeast of the BRRP. - Wells screeried in the.

 water table indicate the water levels are 11 feet hlgher at the F-Area Separations Facility than at the

BRRP. Limited groundwater data are. avallable from this area. Radioisotope analyses of groundwater

_data from the F-Area Separation Facility indicate ho contamination above background levels (WSRC
1993). Well cluster BRR. 6 has. been mstalled as part of the RFI/RI to deternune if groundwater at the
BRRP has been 1mpacted by contanunants from the F-Area Separatlons Fac111ty '

The F-Area Seepage Basins are located approx1mate1y 1, lOO feet to the southeast of the BRRP,

Tntlum has been détected at concentrations greater than background levels in two monitoring wells -

adjacent to the basins.

1-8
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Table 1-1 Summary of Constituents above anary Drinking Standards
- (in any one BRR well during quarter, 2Q90-2Q92)

QUARTER ANALYTE - 'BRRID . BRR2D- ~ BRR3D BRR4D BRRSD _ UNITS

2Q1990 - Tritnm. 16 -  110x  83x  21* 13 pCi/mal
3Q1990  Tritium 17 120% . 71% 8o+ 11 pCifml
4Q1990 . Tritum . . 17 140% - 150% 79* 6  pCiml
1Q1991 _ “Tritium 15 - 160%  73* 100 7.1 pCi/ml
201991  Tritom- - . 18" - 190%  63* ©  150% 10 pCi/ml
3Q1991  Tritom . 11 180%  260%  130¢ 7.6 pCi/ml
4Q1991  Tritium 69 - 210x  89* 120« 7 pCi/ml
101992  Tritum = 6.8~ 140*%  320% " 30% - 6 pCi/ml
[3Q1990  Lead <2 733%  50%- 3.9 5 - ugl
3Q1991 °  Lead <3 <3 16* <3 5.1 ugfl
1Q1992  Lead 200 <3 85 <3 4.5 ug/l
201992  Lead ' 11 . 24* .83 - 49 = <3 ug/l
2Q1990  Manganese . 76* - . 135% - .192% 68 38 - gl
1301990 - Manganese. . 55* | 133*  152¢ 49 36 ugl .
 [4ci90 Manganese  sox 7St 1i2ve 43 18 - ugd
1Q1991 Mangaflese . 39 61%* .93* - 55% " 42 ug/l .
3Q1991 Manganese - 54* . 59% 86* 27 22 ug/l
1Q1992 ' Manganese = 54* 18  69* 37 - 24 ugl
. 201990 - mon . - 644 46 1630% - 904* 165 ug/l
||3Q1990 fron 130 28 . 17° 488 .15  ugl
101991  Irom - 134 49. - 146 . 562* ° 409*  ug/l
201990 Chromium - - 8o* 22 427%  1158%  45% ug/l
“2Q1990 ©oToxX . o32% . &S - <S5 15 <5 ug/l
4Q1990  ~ TOX 26* <5 <5 A5 <5 ugh
3Q1991  TOX " 5080%  104* 31 <5 < ugl
, 4Q1991  TOX <5 <5 - 11 68 10 - ugn
- l101992  TOX . 22 - 84% 88 . .88 . <5 ug/l
1301991 Total Radium ~ 1.9E-9 . 1.6E'0  7.0B-9*  <1.0E-9 <1.0E-9 uCil
1201992  Alpha Radium = 1.3E-9 - 19E-9  1.0E-8%* <1.0E-9 1.1E-0 _ uCil

TOX means total ‘organic halogens . - . " * indicates those s-amples that exceed MCL
Note -data are derived from filtered samples and are not suitable for comparison with later samples.

1-9
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" Three previous soil gas surveys have been carned out. A three-foot deep soil gas Geoprobe survey

was condicted at the BRRP in October, 1990 and in July 1991. A 10 to 20 foot deep soil gas
Geoprobe survey was-conducted in September 1992. The surveys were_capable of monitoring the
presence and distribution of light hydrocarbons (i-butane,’ n-butane, decane, ethane, ethylene, hexane, .
heptane, methane, nonahe, octane, pentane, propane,.and propylene), aromatic hydrocarbons

(benzene, -ethyl benzene, toluene, mé&p xylene and o-xylene), chlorinated hydrocarbons (carbon
tetrachlorlde, chloroform methylene chloride, tetrachloroethylene tnchloroethylene trans-l 2-
dichloroethylene, 1 1,1-trichloroethane and vmyl chloride), and mercury " Figure 1-6. summarizes the

_results, of these surveys Appendlx F contains the results of these surveys

“

Of the chlormated hydrocarbons, .only tetrachloroethylene, tnchloroethylene, trans 12-‘

' drchloroethylene and 1;1,1- tnchloroethane are -present in amounts exceedmg the minimum

detection level. Tetrachloroethylene and 1,1, l—tnchloroethane are’ present in both trenches.
Concentrations of both species’ are ‘low: the highest observed concentratlon of tetrachloroethylene
was 147 ppbv at. 3. feet in the northem trench; the hlghest observed concentration of 1,1,1-

trichloroethane was 164 ppbv in the southem trench. 1,1, l-Tnchloroethane was observed above the

" minimum detection limit in virtually every ‘sample, whlle the occurrence of tetrachloroethylene was

less frequent The compound 1,1,1-trichloroéthane was momtored ‘only in survey III whlch largely :

consisted of Geoprobe sites, thus a depth distribution-comparison is not possible for this compound.

~ -

The compounds trichloroethylene and trans \l,2-dichloroet11ylene are found only in the southern

-trench and largely in the eastern edge of that trench. Their distribution at 3 feet and at lower depths

(samples were taken from depths as low as 25 feet) are well correlated although the distribution of
trans 1 2-dxchloroethylene at depths lower than 3 feet is somewhat ‘larger and at higher concentrations
than the distribution at 3 feet.

The aromatic hydrocarbons, benzene toluene, ethylbenzene and xylenes are present in anomalous
amounts particularly' in the southem trench. These hydrocarbons could be due to the presence of
gasoline or other light petroleum dlstlllates‘as a part of the materials buried. In general, the observed

concentrations of aromatic- hydrocarbons are much larger than the chlorinated hydrocarbons.

The saturated hydrocarbons (C5-C10) are also found in anomalots' concentrations partlcularly in the
southern trench. The distribution of pentane, hexane, heptane and octane are for. the Geoprobe sites

1-11
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only since these hydrocarbons were measured only in Survey II. The distribution of octane and
heptane are very localized and well correlated; both are similar to the distribution of the aromatlcs

discussed above. The distribution of the hexane is also similar; however, small concentrations of

hexane -are observed outside the localized area of octane and heptane contamination. The

- distribution of pentane is much more general. It is probable that the observed distributions of hexane

and pentane are comprised of two parts, the first and most prominent results from hydrocarbon fuel
contammatxon in a restricted area of the eastern end of the southern trench. The second part results
from the natural background species in the Savannah River Site area. Only in the cases of pentane

and hexane do the background concentrauons exceed the minimum detection levels of the analytlcal '

methods.

4

Anomalous levels of the light -hydrocarbons are clearly associated with the observed aromatic
hydrocarbons in the southern trench. The presence of methane may be due to ‘bacterial degradation

- of the buried rubble. The: distribution of ethane appears inversely correlated to the distribution ‘of

methane. This rnay be due to the fact that in the presence of very large methane concentrations,
ethane is not well separated chromatographically and in these cases is not well determined. The

remaining light hydrocarbons are obviously correlated to the contamination in the eastern end of the

.southem trench; however, these hydrocarbons are also rmxtures related to the contammatron and: to

the natural background as discussed -above for pentane and hexane. It may be that the highest
concentrations of the C2+ fractxon are generated from the buried waste via microbial degradation.

Finally, the mobile mercury found in the soils at the BRRP are very low and probably reflect -
background levels only.

1.3 Report Organization :
This. RFI/RI Report has nine chapters. Chapter 1 describes the purpose of this investigation and

summarizes background information regarding the BRRP's location, description, and history, as well _
as previous investigations of the BRRP. Chapter 2 discusses the characteristics of the region. Chapter

-3 discusses the methods used to investigate the BRRP and the objectives of these procedures. -Chapter

4 describes the results of the investigation. Chapter 5 presents the nature and extent of contamination
found on site. In Chapter 6, the physical characteristics of the area and the nature and extent of
contamination are analyzed fo.evaluate contaminant fate and tr‘ansr)ort. .Chapter 7 presents the results
of a'human health and ecological baseline risk assessment (the full risk assessment is included as’

1-13
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Volume II). Chépter 8 summarizes the report and ‘presents the' conclusions of this investigation. The
references are presented in Chapter 9. '

1-14
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2.0 ~ ENVIRONMENTAL SETTING
2.1 * * Surface Topography and Drainage Patterns

The local surface drainage for the BRRP Site flows radially to a-system of swales and ditches which

surround the BRRP Site. The dominant flow off-site is to the east and west, where it is intercepted by

the ditch system and channelled to the west of the site. From there, runoff passes under Burma Road -

through a culvert. On the west side of Burma Road, the land-grades generally to the south and west,

'toward a'mixed pme-oak forest A borrow pit, located to the east of the BRRP Site, receives runoff

from rts excavated srdes, but surface runoff from the BRRP Site is not expected to flow toward the
borrow pit because its drtch system redirects surface flow to the west (See Figure 2-1) Seeps were not
observed along the west edge of the borrow pit. Therefore, leachate is not expected to drain into the
borrow prt At the time of observation, standing water was apparent at the bottom of the borrow pit.
However, thrs was attnbuted to a heavy July rainfall. Reportedly, the botrow pit was dry during

prevrous summers

Regio'nally, the Four Mile Branch, the Upper Three Runs Creek, and tributaries of: the .Upper Three
Runs Creek are the predominant surface water features in the vrclmty of .the BRRP Site (See Figure . .
2-2). Southwest flowing tnbutanes of the Savannah River include the Pen Branch Creek. Steel Creek,
Meyers Branch Creek, and the Lower Three Runs Creek "The Upper Three Runs Creek tributary is
the closest surface water body to the BRRP Site. Surface water runoff is not expected to reach the
Upper Three Runs Creek tnbuta.ry from the BRRP Site except under flood conditions. If flood -
conditions were to occur, the flow from the site would be northwestward to the tributary of the Upper

Three Runs Creek

2.2 Climate

s

The SRS area has a temperate climate wit_hi mild winters and relatively warm and humid summers.
During the winter months the region is subject to the influence of-cool continental air. The extreme .
effects of occasional -Arctic air incursioris into the United States are moderated by the Appalachian
Mountains to the northwest. The site-and the surrounding area are characterized by gently rolling
hills with no unusual topographic features that would?_signrﬁcantly influence the local climate
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The winds in the area are relatively light with an annual average speed of about three meters pe.r'

second (9.84 ft/sec). Due to seasonal changes in prevailing weather patterns, winds tend to blow
somewhat more frequently from the northwest during the winter, from the west and southwest during
the spring, and from the east and northeast during the summer and fall (Hunter, 1989). '

. Average temperatures in the SRS area are wermest in July (81:1-°F) and coldest in January (45.4°F).
Based on temperature. data from a thirty-year period, 1961.through 1990, temperatures ranged 'fro_m:

a maximum of 108cF to a minimuin of -30F. Temperatures below freezing occur approximately 58
days per year (Hunter, 1989).

The average ‘annual rainfall at the SRS, based on data from 1952 through 1990, is about 122

‘centxmeters (48 inches). Precipitation is fairly well dlstnbuted throughout the year. "Average rainfall--

during the fall is slightly less than that for either of the other seasons. The annual average snowfall is
-1.1 inches.(Hunter, 1989). '

On, average, there are 56 thunderstorm' days per year in the ’SRS‘area. Thunderstorms occur during
. every month of the year, but are more prevalent during summer afternoons.” Thunderstorm activity

in the winter and spring is associated with the passage of cold fronts through the area (Hunter, 1989)..

Nearly half of the tornadoes reported in Georgia and South Carolina occur-in March, April, and May.

However, tornadoes have occurred duriﬁg every month of the year. Based, on tornado 'stati'stics fora

thirty year- period from 1954 through 1983, South Carolina can be expected to expenence one or

two tornadoes per year 4 . - .

A total of thirty-six hurricanes have caused damage in South Carolina over the period from 1700
through 1900. Due to the inland location of the SRS, wind speeds usually dnmmsh below humcane
mtensny at the Slte W SRC 1991). N

2.3 Physiography

Grogndwater and surface water characteristics are largely controlled by phy.s_io'graphy and subsurface
stratigraphy.. The following subsections present a ‘summary of the primary physiographic features,

general stratigraphic succession, and known hydrogeology surrounding the SRS. The purpose of this
framework is to describe the relationships between SRS hydrogeology and larger scale hydrogeologic(

c
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systems. The dlscussmn will provide the basis for understandmg the hydrogeologlc framework
existing at the BRRP Site.

SRS occupres an area of approxlmately 300 square miles of the Atlantic Coastal Plain, pnmanly on

the Aiken Plateau (part of the "Upper Coastal Plain"). The Aiken Plateau is bounded by. the
Piedmont Physiographic Provmce on the north and by the Savannah and Congaree Rivers on the west
and east, respectively. The plateau slopes southward from an elevatlon of 650 feet above mean sea
level (MSL) at the Fall Lme, which is approxlmately 20 miles northwest of the SRS, to its southern
boundary. The southern boundary of the plateau is marked by a regional break in 'slope
(Orangeburg scarp) at an approxlmate elevation of 290 feet MSL. The surface of the Aiken Plateau ‘
is characterized by broad ‘inter-fluvial areas dissected by narrow, steep-sided stream valleys See’
Flgure 2-3 for further illustration. '

SRS lies wholly within the Savannah River Dralnage Basin, with the Savannah River- forrmng the
southwestern boundary of the SRS. Ma_]or tributaries to the Savannah River that flow southwestward
across the SRS are Upper Three Runs Creek, Tinker Creek, Four Mile Creek (also known as Fourrmle_
Branch), Pen Branch Steel Creek; and Lower Three Runs Creek

Ground surface elevations at the SRS range from approximately 70 feet MSL at the mouth of Lower
Three Runs Creek to over 400 feet MSL on the Plateau.

The BRRP Site is located in an mter-fluvxal area between Upper Three Runs Creek (4,000 feet to the
northwest) -and Four Mile Creek (1 mile to the southeast). A westward-trendmg tributary to the
Upper Three Runs Creek is located approxlmately 2,000 feet to the north. The ground surface
elevation 4t the BRRP Site ‘is approxlmately 280 feet MSL. Surface runoff from the-unit is

northwestward to a tributary of Upper Three Runs Creek. - o S : .

2.4 Geology of the SRS Area , : '

The Atlantic Coastal Plain’ is underlain by a seaward thickening wedge of unconsolidated and
semi-consolidated sediments. .These sediments range from Late Cretaceous to Holocene in Age. The
late Cretaceous sedrments rest dlrectly on saprolrte derived from underlymg crystalline basement:
rocks of Precambrian/Paleozoic age or on Triassic age sedrments A generalized cross-section of the
Atlantic Coastal Plain through the SRS is shown in Figure 2-4 A generalrzed stratigraphic column
for the SRS is shown on Figure 2-5.
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Figuré 2-4 - NW-SE Geologic Cross Section through-SRS (Modffied from PriceJ 1988). .
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Three distinct geologic and hydrologic systems occur in the subsurface beneath the general area of
the SRS: . ' ' "

* ' Igneous and metamorphic rock of Paleozoic age,

e . 'Lithified mudstones, sandstones, and conglomerates of . Triassic age, and

e . Unconsolidated to seémi-consolidated Coastal Plain sedrments of Late Cretaceous and Tertrary
ages.

Precambrian: and Paleozoic slates, phyllites,‘ schists, -gneisses, volcanics, rnetavolcanics, granites, and
mafics were forméd under the influence of several orogenic episodes in the Appalachians. These
metamorphic. rocks. have -been intruded by solnewhat younger Paleozoic granite plutons. Similar
Paleozoic metamorphic and igneous rocks. crop out in the Predmont Province north of the Fall Lme,
located approxlmately 20 miles northwest of the SRS.

The Dunbarton Basin is a graben filled with sediments of Triassic Age. The basin is buried within the \
Paleozoic rnetarnorphic rock under approximately " 1,300 feet of Coastal Plain sediments in the .
southeastem  part of the SRS. The Triassic Newark Supergroup sediments fill the basm and consist of
poorly sorted consolidated gravel, sand s1lt, and clay

Both the Paleozoic and Triassic rocks were leveled by erosion and' are unconformably overlam by
unconsolxdated to seml-consolldated Coastal Plain Sediments. The Late Cretaceous to Recent Coastal
Plam sedlments comprise a clastic wedge that thickens and dips toward the southeast. In the vicinity
of ‘the SRS these sedxments consist predommantly of sandy clays and clayey sands, although
- occasional beds of clean sand or.clay also occur. Two, bioclastic limestone zones occur intermittently :
'w1th1n the Eocene strata. These calcareous zones vary in thickness, where present, from about 1 to
approxlmately 80 feet They appear to be lens-like bodies that pinch out latérally into sand or clay
facies. The calcareous .zones' erosional . surface feature dlps approximately. 35 feet/mile to the
southeast.

Known faults beneath the ‘SRS. are shown in Flgure 2-6 and mclude the Pen .Branch Fault; the Steel
Creek Fault, located southeast of the Pen Branch Fault and parallel to it; the Ellenton and A'I'I‘A
Faults that trend northwest and may intersect the Pen Branch Fault; and the northeast trendmg
Crackemeck Fault i in the northernmost part of the SRS.
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Following the most recent stratigraphic interpretation by Fallaw- and Price (1994), approXimately -
two-thirds of the Coastal Plain section consists of Cretaceous and Tertiary quartz sands. and clayé,
which have the: charactenstxcs of fluvial and deltaic deposits. These sediments have been assigned to
the Cape Fear Formatron, the ‘Middendorf Formation, the Black Creek Group, and the Steel Creek

'Fomranon. Paleocene deposxts are composed of quartz sands and clays of the lower Paleocene

Sawdust Landing Formation and the uppﬁer Paleocene ’Lang Syne and Snapp Forrnation. They
appear to be deltaic and'lagoonal. The lower Eocene Fourmile Branch Formation consists of quartz
sands and clays and appears to be marine and transitional marine. Early Eocene quartz sands of the
Congaree Formation are mterpreted as shallow marme Middle Eocene sediments of the Warely Hill
and Tinker formations were deposrted in marine and transitional marine environments. Calcareous
sediments of the Santee Limestone and the "Blue Bluff" unit are considered marine and transitional
marine environments. The overl’yingClinchﬁeld Formation consists of Riggins Mill Member quartz
sands and calcareous sediments of the Utley Limestone Member, both shallow marine deposits. The
upper Eocene Dry Branéh Formation is composed of ‘quartz sands and clays of the Irwinton Sand
Member and calcareous Sediments of the Griffins' Landing Member. These deposits have marine- and
lagoonal characteristics. The muddy quartz sands of thé Tobacco Road Sand overlie the Dry Branch '
' and were deposited in shallow marine and transitional marine envrronments Fluvial deposrts of
poorly sorted muddy quartz sands, clays, and pebbly and cobbly beds overlying the Tobacco Road
are assigned to-the Mxocene Altamaha Formatron The followmg illustrates the geologlc age of the

SRS formations:

Cretaceous ' g - , -
. The Cape Fear Formatlon, Mlddendorf Formatlon, the Black Creek Group, and the Steel

Creek formatron B
Palegcene -

. Sawdust Landmg Formation (Lower Paleocene), Lang Syne Formatron (Upper Paleocene),
Snapp Formation (Upper Paleocene)
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Eocene
.- Fourmile Branch (Early Eocene), ‘Cong.aree Formation (Early Eocene), Warley Hill (_Middlq

Eocene), Tinker Formation (Middle Eocene), Santee Lirnestone (Middle Eocene), Blue Bluff
Unit (Middle Eocene), Utley Limestone Member of {the Clinchfield. Formation (Middle
Eocene), Dry Branch Formation (Upper Eocene), Tobacco Road Sand (Upper Eocene).

‘Miocene
- . . Altamaha Formation
241 Cretaceous Sedime:_zts

The_Cape Fear Formation is composed of Upper Cretaceous, poorly sorted, silty to clayey qua_rti ‘

sands and interbedded clays. The sands are arkosic (containing more than 25% feldspars) in places.
Muscovite and iron sulfides also occur. Pebbly sands and gravelly layers are common. Sands
typically fine upward mto clays and appear to-be composed of two crudely ﬁnmg upward sequences
of equal thicknesses. The Cape Fear Formation is more indurate than other Cretaceous formations
because of high clay content and the abundance of cristobalite in the matrix. Bedding is irregular
and marine fossils are rare. Because of the poor. sorting and the high degree of oxidation, thls

indicates that the sediments were deposned in fluvial and deltaic environments. The Cape Fear )

‘Formatl_on sediments thicken across the SRS, ranging from 30 feet at the northwest SRS site bdundary
to more than 180 feet at the southeast SRS site boundary.

The\Middendorf Format:lon, is a comp'osite of mostly medium and coarse grained sands. Pebbly |

zones are common within the sand and clay clasts occur in places. Parts of the unit are feldspathxc,‘

micaceous, and hgmnc Cross-bedding is well developed in the lower section. A kaolinitic clay and
interbedded sand forms the top of the unit. The lower contact between the Middendorf and the Cape

_ Fear Formations is marked by al pebbly zone. Wood fragments, spores, pollen, and rare.

dmoﬂagellates occur in the umtf ‘The scarcity of marine fossils, the presence of wood fragments, and
the discontinuous bedding indicate that most of the Middendorf was deposited in fluvial and deltaic
environments. The Middendorf is approximately-100 feet thick near the northwestem boundary of
the SRS and thickens to more than 180 feet near the southeastern boundary

(
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The Black Creek Group is generally comprised of interbedded quartz sands, silts, and clay. It is-
generally darker, more micaceous, and more lignitic than other Cretaceous units. Layers of pebbles
and clay clasts are common and feldspathic zones occur locally. In the central and downdip 'parts of.
- the SRS, a southeasterly thickening‘wedge of dark, fissile, lignitic, pyritic, micaceous clay and dark, - -
interbedded sands and silts occurs in the mi&dle (McQueen Branch Conﬁning Unit) and upper parts -
of the formation. The upper part of the formation consists mostly of tan and l'ight grey sands (lower"
Crouch’ Branch Aquifer). In general, the Black Creek contains more dark clays, lfgnite, and
muscovite that the Middendorf. Light-colored sands and large oxidized clay lenses suggest delta’
plain conditions in the lower Black Creek.in the northwestern part of the SRS. Dark clays and sands
are abundant in the southeastern part.of the site and suggést delta front and prodelta environments.
' The Black Creek Formation is about 110 feet thick at the northwestern boundary of the SRS and

thickens to more than 250 feet near the southeastern boundary.

The Steel Creek Formation contains poorly to well sorted, fine to coarse, quartz sand and silty sand in
the lower section. Concentrations of feldspar and li‘gnité occur. - Pebble zones are common, as are
layers with clay clasts. The upper part of the Steel Creek, in most places at the site, is oxidized
kaolinitic clay. Iﬁ general, the Steel Creek has more oxidized clays, fewer and much thinner dark
clays, and less lignite than the Black Creek. The Steel Creek grades into the calcareous siliciclastics of
the Peedee Formation to the northeast.and southeast. To the southwest, it grades into the calcareous
sands of western Georgia. The lateral limits of the Steel Creek have been arbitrarily set where the
calcium carbonate content of the sedimepts is 5%. Wood frdgments, spores, pollen,-and rare
dinoflagellates have been found. Scarce marine fossils, irregular bédding, and large bodies of
oxidized clay suggest that the sediments were probably deposited in fluvial and delta plain
environments. The Steel Creek is about 60 feet thick at the northwest SRS boundary and 140 feet
thick at the southeastern boundary.

© 2,42 Paleocene Sediments

“The Sawdust anding is composed of micaceous poorly to moderately sorted, silty and clayey quartz
sands, and. pebbly éands with interbedded, dark grey clays. In the northwestern part of the SRS, it
consists of micaceous quaﬁz sands.- Locally feldspathic, iron sulfides and lignite are common in the
darker parts of the section. Clays are fissile in places and contain micaceous silt and fine sand
laminae. In general, the Sawdust Landing has more feldspar and iron sulfide than the Steel Creek, is
darker, and sorting is poorer. The clays of the. Sawdust Landing are more-fissile that those of the
Steel Creek. The .Sawdust Landipg is about 10 feet thick near the northwestern boundary of the SRS
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and thickens to about 40, feet near the “southern boundary. The Sawdust Landing appears to consist -

of the lower parts of the: Ellenton Formation, Black Mingo Formation, and the Rhems Formation. -

Fallaw and Price (1994) believe that the term "Ellenton" should not be used because the sediments
named by Siple (1967) consxst of two different sedlmentary sequences with different_lithologies.

Most type sections of the “Ellenton consist of the upper Lang Syne Formation.: The term "Sawdust .

Landing" rather-than "Rhems" is used by Fallaw and Price (1994) because the lithology at the SRS is

_more similar to the type stratigraphy in the Sawdust Li{riding in central-eastern South Carolina than it

is-to the type stratigraphy in the Rhems Formation in the eastern South Carolina. Light‘-colored,‘

moderately. to ‘poorly ‘sorted, micaceous quartz sands, feldspathic in place, which, interpreted by
Fallaw and Price (1994) as upper delta-plain deposits, are common in the northwestern part of the

SRS, with darker poorly sorted micaceous, lower delta plain facies becoming dominant in the . °

southern part.

Lang Syne Formation cdnsists of dark grey and black, lignitic clays and poorly arld rhoderately
sorted, micaceous, lignitic, muddy quartz sands and pebbly sands. Both sands and clay are
glauconitic ‘with the basal unit consisting of a green sand-in places. Deposits 'composed of
moderately to poorly sorted, micaceous quartz sands are common in the northWestem part ‘of the
SRS, with darker, poorly ‘sorted, rnieaceods facies becoming dominant to the southeast. Basal sands
lie on dark clays or dark sands of the Sawdust Landing with a pebbly zone common at the conract.
In general, the Lang S);ne contains more glarrconite, muscovite, lignite, and iron sulfide than the
'Sawdirst Landidg and the clay beds are' much thicker. Light-celored; moderarely to poorly .sorted,

micaceous quartz sands .are common in the northwestern- part of the SRS and are interpreted by

Fallaw and Price (1994) as upper delta plain sediments. The thick dark clays probably accumulated

in lagoons or bays. Darker, poorly sorted, micaceous lower delta plain arid prodelta facies becomé

dominant in the southeastern part of the SRS. "The unit :appears to be sporadic in the north\}vestem '

part of the SRS and thickens to about 80 feet near the sourheaétem boundary where it is calcareous.

The Snapp Formation sediments also referred to as the “Williamsburg Formation", are' typically light
grey, tan, orange, yellow, silty, micaceous, medium to coarse grained quartz sands and pebbly sands
interbedded with kaolinitic clays. Sorting in the sands is generally poor.” The Snapp is well

developed at the southern boun'd_ary‘where there are-two fining-upward sequencés but appears to

pinch out updip near Upper Three Runs. It'is about 70 feet thick near the southeastern boundary. |

The Snapp was designated by Fallaw and Price (1994) as a new formation name because the lithology

-is not similar to that of the type stratigraphy in the Williamsburg and Black Mingo located in eastern
South Carolina. Snapp sands are usually lighter in color than Lang Syne sands and contain less

2-14
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lignite, iron sulfide, and glauconite. The Snapp probably grades into siliciclastics and limestones of
the upper part of the Williamsburg Formation. The boundary_has been arbitrarily placed where the,

sectlon is 5% calcium carbonate (Fallaw and Pnce 1994) The near absence of marine fossils, the

generally poorly sorted sands, and the ox1d1zed clays 1nd1cate that the environment of deposition was

probably mostly upper delta plain..

243 Early-Middle Eocene Sediments )
'i‘he Fourmile Branch Formation is composed of quartz sand with some interbedded clays. It is
mostly orange,'green, gray, yellow, and tan, moderately to well-sorted, fine to coarse grained quartz
sand thh green and.gray clays a few feet thick in the middle and at the tip. The dark clays are rich
in organic matter and tend to be more abundant in the northwestem part of the SRS: Glauconitic
. clays are more common to the southeast The unit is about 30 feet thick in the northwestern part of
the SRS and appears to thin to the southeast and toward the Savannah River from the center of the
SRS." Going across the Lang.Syne/Fourmile Branch contact, the sands become cleaner, iron sulfide
and lignite content’ decreases, colors become lighter, and clay bed thickness decreases in the
northwestern part of the SRS.' _Going across -the Snapp/Fourmile Branch contact to the southeast,
sands become cleaner, glauconite increases, and clay bed thickness decreases. ‘Downdip, the Fourmile
Branch grades,into the Eishburne prmation (Gohn and_ o,thers, 1983), a limestone. The contact is
defined by Fallaw and Price (1994) where 25% of the section is cor‘npoeed of calcium carbonate.
The. only .Well-preserved fossils recovered f_rom- the 'Fourmile.Branch are palynomorphs. The
glauconite, the abundant dinoflagellates, and.the "moderate to good sorting indicate that the-
enviljonment of deposition was shallow maﬁne, with dark clays in the northwestern part of the SRS
-probably forming ih bays or lago_ons, and giauconitic clays in the southeastern part being deposited

in near neritic conditions. .

'i‘he Congaree Formation consi’sts of yellow, orange, tan, gra‘y and gteenish gray, well sorted, quartz
sand 'with thin clay laminae, pebbly layers, clay clasts, and glauconite. Quartz. grains tend to be better
rounded than in the rest of the stratlgraphxc column. The. top section of the. Congaree Formiation is -
cemented with silica in many areas of the SRS and is shghtly calcareous i in other areas. ‘They are
consistently calcareous near the southeastern boundary. ‘The Congaree is similar to. the Fourrnlle
Branch but 'glauconite decreases, muscovite decreases, clay beds and laminae becume less common,
sot'ting becomes better, pebble content decreases, and colors become lighter above: the contact in the
Congaree. Molluscan shell fragments, usually silicified, have been found in the Congaree at the SRS.
Dinoflagellates were found in the lower and middle parts of the Congaree for age determination. The
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well-sorted sands, the occurrence of glaucomte, and the dinoflagellate assemblages indicate a shallow .

marine environment. The Congaree Formation is approxxmately 60 feet’ thick at the northwestem
SRS boundary and thickens to approximately 85 feet near the southeastern SRS boundary.

“The Warley Hill is a fine to medium grained, poorly to well sorted quzirtfiT sand ‘and muddy quartz‘

sand, glauconitic, and thickens from a few inches to-about 15 feet above the Congaree. - The sand

fines upward with a clay occurring at the top. Common colors are brofnn, green, gray, yellow, tan, an ..~

orange. The top of the Congaree is picked at the top of a clean sand sequence The Warley Hill i is.

difficult to identify and appears to be missing from the northwestern part of the SRS Dinoflagellates,
spores; and pollen have been recovered from the unit at the SRS. Glauconite and dmogﬂagellates

suggest marine condmons, with the middle sands mdxcatmg lower en’ergy levels than those prevailing

when-the Congaree was deposited. The high mud conterit could have been developed- by flocculation
at the fresh water/salt water mterface The Warley Hill and the Caw Caw’ Members make up what has-
been informally referred to in many SRS reports as the "Green Clay". The "Green Clay is composed

of glauconitic, silty and clayey quartz sands and silty clays.

Most of the’ mlddle Eocene section consist of three laterally gradatlonal units: the Santee leestone,
the Tinker- Formatlon, and the mformally named “Blue. Bluff" umt (Huddlestun and Hetrick, 1986)

Much of the Santee is composed of cream-colored slightly to moderately mdurate calcarenite and

calcilitite with well-indurated calcareous nodules lying on tip of the quartz sands ‘and clays of the
Warley Hill. Better developed in a northeasterly trend across.the middle of the SRS it is sporadic i in
the vicinity of the Upper Three Runs and rare to the northwest To the southeast it mterﬁngers with
and grades into thé "Blue Bluff" unit. The term "McBean" has been apphed to these sediments.
Huddlestun (1982) and Hetnck and Huddléston (1986) suggested that the term "McBean" ‘be

restricted to the calcareous facies. Because the "McBean" is not defined as a hthologlcally R

homogeneous unit and because of confusion-involved in the use of the term, Fallaw and Price (1994)
concur that the carbonate below ‘the lowest’ quartz sands in the section should be assigned a namé

(Santee) different fro_m that apphed to the sands. The carbonates are more similar to_those in the

type area of the Santee. Microfossils and megafossils are abundant in the Santee. The environment -

of deposition was probably mostly inner to middle neritic, Judgmg from the abundant fossils and

calcareous sedlments

Calcareous strata along the Savannah River valley in the same stratigraphic'posi‘tion as the Santee

Limestone occurs with sufficient areal extent, thickness, and distinct lithology to warrant recognition
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as a separate unit, mformally named the "Blue Bluff" umt by Fallaw and Price (1994). The "Blue'
Bluff" is gray and green, clayey, lammated calcilutite, calcaremte and calcareous silt and clay,: with

- shell layers, mdurated nodules, thin mdurated hmestone lenses; calcareous muds, and quartz sand
laminae in place The sedlments are’ w1despread in the southern ‘part of .the SRS xnterﬁngenng ‘and .
grading into the cream-colored Santee facres and, in general, tend to be more common in the lower-
-part of ‘the section than the hghter-colored carbonates. The' “Blue Bluff* sediments lie on poorly

sorted quartz sands and clays, calcareous in places, of the Warley Hill. "It is about 90 feet thick at the .
southeastern boundary .of ‘the’ SRS. . "A benthic ‘foraminiferal species’ appears to be a marker for the

Santee and "Blue Bluff" in this area (Huddlestun and Hetrrck 1986) with numerous molluscan .taxa -
present. The ﬁne gram size, the lammatlon, and fragile molluscan shells in the "Blue Bluff" suggest a’

lower energy environment than that of the Santee; probably farther out in the neritic zone:

5 . r . M " -~
The Tinker Formatron cons1sts of quartz sands srlts and clays which, in general accur updip from the .
Santee. The sands are typically finer grained than the ones above and below; contain more. heavy
. minerals, and are more likely to contain glauconite; although. glauconite is- often found in the:Warley
' Hlll Yellow, tan, and white sand are common ‘with pale green sands occurrmg in the center.of the
SRS Clay beds and’laminae are more abundant in the Tinker Formation than in the underlymg and
overlying units. Tan clays are promment in the overlymg Dry Branch Formatlon, whtle Green Clays"
are more common in the kaer (among them the "Green Clay and contain'less sand that the clays of
the Warley Hill. The Tinker Formatlon grades downdtp into the carbonates® of the Santee and the -
"Blue Bluff". The Tinker i is about 40 feet: thlck at the northwestern boundary of the,SRS and the
“Blue Bluff" is about 90 feet thrck at the southeastem boundary The Tinker is. -most of the
siliciclastic parts of the. "McBean Formation}- as used by. many workers. The boundary between the.
Santee and "Blué Bluff” carbonates and the kaer siliciclastics-is det'med by Fallaw and Prlce (1994)
as where 25% of the section is composed of calcium carbonate. Where the Warley Hill is mlssmg and '
) the Tinker overhes the Congaree 'colors become darker, gram size-decreases, sortmg ‘becomes poorer, :
green clay or glauconitic sand becomes more common, and heavy mmerals become more abundant
.upward in the section.- Where the Tiriker overhes the Warley Hill, Tinker sands tend to be finer and.

cleaner. that"the underlying sand and the-clays have a lower sand content." Palynomorphs and

silicified shells and molds of mollusks have been -found in .the Tinker. Most of the kaer sands were« ‘

: probably formed in barrier and i inner nenttc environments and the silts and: clays in bays lagoon and

low energy shelf areas. o - .

The Clinchfield consists of quartz sand and clay, calcareous in places, and cartbonates. The sands are -
tan and yellow, poorly to well-sorted,-and fine to coarse grained. The Utley Limestone Member is an.
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sand and calcarenite. The loweri contact of the Clinchfield may be marked by .a change from' -

calcareous sediments-of the Santee and "Blue Bluff" to poorly: to well sorted sands. The Utiey

Limestone- tends to be more mdurated and coarsely glauconitic than the underlymg carbonates It. (

also contains abundant sand dollar specimens. The Clinchfield is exposed along the Savannah Rrver
opposrte the SRS. Approxrmately 30 feet thick i in the southeastern part of the SRS, the Chnchfield
pinches out or becomes difficultto identify updip in the middle of the SRS. " The quafttz sand of the-
Clinchfield at-the-SRS may be the Riggins Mill Member,"as defined by Huddlestun: and ‘Hetrick -
(1986). The concentrations of -the sand dollars in the carbonates and the sorting of the’ sands suggest’

a littoral and i mner neritic environment. ' ! ) o

2:4.4 _ Late Focene Sediments

The Dry Branch _Fo‘rmat‘ion' includes quartz sands, clays, calcareous siliciclastics, and’ carbonates. -

Calcilutite, calcarenite, bioclastic and biomoldic limestone, calcareous sand and shelly, calcareous ¢lay

occur in the Griffins Landing member. The Griffins Landing is less glauconitic than-the carbonates

of the underlying Utley,~Santee, and the "Blue Bluff". It is not known to be present northwest of the -

Upper Three Runs within the SRS boindary but it is at least 50 feet thick in the southeastern part of -+
the SRS. The rest of the Dry ‘Branch Formation is divided into tan clays (T wiggs clay hthofacres), o

and the Irwinton Sand Member

The Irwinton Sand Member contains-tan, yellow, and orange, moderately sorted quartz sand with
interlaminated and interbedded clays typically tan. Glauconite is rare Irwmton sands are generally’
. coarser that those of the underlying. Tinker Formatron Tan clays are more common above and
green and gray clays are more’ common below the contact. Thrs clay lithofacies, whrch is tan, light,
gray, and brown, varies in thickness up to 12-feet at the SRS, but is not laterally contmuous The Dry"
Branch Formatron is-about 50 feet thick near the northwestern SRS boundary and about 80 feet thick
near the southeastem boundary. Fossrls like foraminifers, bamacles crabs, starﬁsh crinoids,  shark

and ray teeth, and.fish bones have been found in the Griffins Landing Member. Palynomorphs and

" silicified fossils have also been f_ound in* the :Irwinton Sand member. Common planktomc,,

Foraminifera from the Griffins LéndingN indicate some open ocean influence. Calcareous clay beds
containing foraminiferal genera indicate bay or lagoonal environments. Irwinton sands are probably

inner neritic and barrier deposits; the clays probably formed in lagoons or bays.

(s . :
‘ (
. .

indurated, bioclastic and biomoldic,-glauconitic limestone in some places, and in others; a calcareous-; " .
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The Tobacco Road Formation, which overlies the Dry Branch formation, co‘nsists of red, btowh, tan;
purple, and orange quartz sands and «-clayey quartz sands. t'I-‘Hese sands are fine to coarse, moderat’ely
to poorly sorted, with minor clay laminae. In general, the sands of the Tobacco Road are muddier,
more micaceous, and more highly colored that those. of the Dry iBranch. The base of the Tobacco -
Road is marked in placed by & coarse layer that contains flat quartz pebbles. No datable fossils have
been recovered from the Tobacco Road at the SRS, but Ophiomoroha burrows can be seen and’
silicified shell fragments are common which indicate a marine or transitional marine environments.
.Clay laminae in the upper purt of the Tobacco Road suggests that some of the unit was deposited in a’
transitional, low energy environment, such as a tidal flat. The Tobacco Road outcrops at'the surface

at may locations throughout the site and ranges in thickness from 20 to 30 feet.

245  Altamaha Formation (Upland Unit

The Altamaha formation is composed of poorly sorted, clay. to silty sands, with lenses and layers of
pebbly and cobbly quartz sands with ektreme lateral and vertical variation. The presence of the.
Altamaha Formation in this area-is inconsistent, occurring predomirtantly at higher elevations around
the SRS. Sediments are red, purple, gray, orange, ye_llo(y, and tan, with a ﬁne‘;to coarse grain size.
Cross-bedding is. prominent in .places, and muscovite flecks of weathered feldspar are locally-
abundant. In general, the Altamaha has poorer sorting, larger and more common weathered feldspar
" grains, more abundant and thicker elay' beds, more argillaceous and indurated sands, larger pebbles,
and, in place, more muscovite than the underlying Tobacco Road. It is up to 70 feet thick in parts of
the SRS. Very few fossfls have been reported from .the Altamaha and its equivalents. The -
conglomerates, poorly .sorted sands, and lay lensés have the characteristics of fluvial sediments.
'Poss1ble Ophiomorpha and Foraminifera (Siple, 1967) suggests an occasional transition marine ,

' influence.
2.5 - Soils o L : \

The soil survey' entitled "Report of Savannah River Plant,‘Parts of Aiken, Barnwell, and Allendale
Counties, South Carolina (USDA, 1990)"; indicated: that. the soil type that exists at the BRRP Site
’ consrsts of Udorthents Three -subdivisions of Udorthents exist; Udorthents of a friable substratum ‘
(Uo) Udorthents with firm substratum (Ud), and Udorthents of an urban Iand complex with gentle ‘

slopes (Ur). Udorthent-Uo is the predominant soil type at the BRRP Site.
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Udorthents are difficult to identify since they are the result of construction work and pit filling and (
include areas. predominaritly composed, of more than one soil type. The absence of the, ilpper part of

the original soil horizon is characteristic of Udorthents. Typically, the surface layer of Udorthent soil

is sandy clay loam to. sandy loam, coarsely mottled in shades of red, brown, yellow, and grey.
Udorthents are commonly associated with well drained to excessively drained lrpland_‘ soils but, also

ranges from inoderately slow to.‘r‘apid .drainage. Udorthents have a low organic content and are’

strongly acid to extremely acid. Extreme variability within short distances requires careful on site *

_evaluation. These soils are.fairly suitable for open wildlife (SCS, 1990).

Because of the low availability of nutrients and the high acidity, these soils are not fit for row crops.
Seeding mortzility is mioderate. Erosion is a moderate hazard. Intensive management and onsite
evaluation are rieeaed becausé of a wide variability in soil préperties and environmental conditions.
_ These soils are fairly suited for habitable openland and Wopdland wildlife and are \}ery poorly suited

for wetland wildlife habitat.

Usually im.:luded in the mapping.area of the Udorthents are soil types form the Dothan, Ailey,

Blanton, -~Norfol-k, Wagraim, -and Fuquay soils. These soil types'-flave layers of loamy and sandy
overburden 5 - 15 ‘inches thick. More specifically, immediately surrounding the Udorthent soil type (
of the BRRP Site are the Dotﬁan (DoA,-DoB), Blanton (BaB), and Ailey (AeB) ‘sc;il's. :
Thé Blanton sand (BaB) is an excessively drained soil. and is located in broad upland swales and on"
+ low-lying ridges and side slope of the Coastal Plain and Sand Hills. The upper part of the Blanton
sand consists of brown sandy:loam and the lower part consists of fine sandy loam. The Blanton sand '
has.a low content of organic mater and a very low available water capacity. The-soil is rﬁoderatefy
acid to very strongly'ac_id in the surface layer and subsurface layer and in the subsoil. Because 'of the
low water availability, the low organic content, and the high acidity, the soil is not suited for row crops

but it is suited for pine tree growth.

The Dothan sand {DoA, DoB) i$ a well drained soil and can be found on broad ridgetops on uplands -

. of the Coastal Plain and in areas.ir_;tenniqgled with the Sand Hills. The strata of this soil type is -
divided into four zones: the upper zone consists of .sand, the ﬁpper middle consists of sandy loam,
the lower middle zone consists of sandy ciay loam, and the lower zone consists of sandy clay loam
with plinthite. Penneabiiity'.is moderatély low in the subsoil. The Dothan soil has a low organic '

matter content and a moderate available water capacity. It is moderately to very strongly dcid above (
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the plinthite and ranges to extremely acid below the plinthite. ThIS soil is well suited for row crops and

txmber ‘production.

The Alley sand (AeB) is a well drained soil and is usually located on narrow ridgetops and short,
undulating side slopes of the Sand Hllls. The surface and subsurface layer consists of -sand, the
subsoil layer consists of sandy clay loam and the substratum.consists of a sandy loam. The Ailey. soil
has a low content of organic matter and a low available water capacity. It is strongly acid.and very
st'rongly acid through'o'ut' * Permeability is sloW in the subsoil. Dense, bﬁttle layers in the subsoil
partly restrict. thc root zone. The soil is. poorly suited for row crops but is sulted for timber

production.

Figure 2-7- provides a generalized soil map showing the distribution of the Udogthents and

surrounding soil types. -
2.6 Regional Hydrostratigraphy of the SRS Area

The Coastal Plain sediments constitute a multilayered hydrologic system in which confining beds are
interspersed with beds that transmit water more readily. Groundwater flow paths and flow velocities
for each of these units are governed by the hydraulic properties, the geomotry of the particular unit,
and the distribution of recharge and- dfscharge areas. Groundwater is found in the -pore spaces of the

unconsolidated sediments. The predominant sand beds are aquifers, and the clay-rich beds are

- aquitards. *Local aquitards may occur within aquifers. No generally accepted formal code exists for

naming hydrostratigraphic units. The use of formal stratigraphic names is restricted to actual
stratigraohic units. - Hydrologic units are based. upon hydrologic characteristics, such -as hydraulic

conductivity and effectwe porosity. Price (1988) proposed eight hydrologlc units, designated Zone 1

“through Zone 8. Aadland (1990, 1992) proposed revised hydrostratigraphic- nomenclature for use at

the SRS. A comparison of the Price (1988) and Aadland (1990) hydrostratlgraphlc sections is shown

. on Figure 2-8. An illustration of Aadland's updated hydrostratigraphic units (1992) are illustrated in

Figure 2-9. Use of the Aadland (1992) and Price (1988) hydrostratigraphic nomenclature will be
commingled in this text to gain a thorough understandmg of the “older" hydrostratigraphic division
nomenclature versus the "newer" hydrostratlgraphlc lelswn nomenclature. Price's lithological units

versus Aadland's 1992 hydrostratigraphic units are 111ustrater in Flguro 2-10.

The stratigraphic and hydrologic units names for the Tertiary sediments are based on subsurface data

from near the H-area, approximately two miles east of the BRRP unit, and are not necessarily
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r_epresentafive of the entire SRS. Some units have no utility north of SRS because the hydrologic
.characteristics of the Coastal Plain sediments change rapidly northward toward the Fall Line.
Uneonformities have only limited hydrologic _signiﬁcauce, and therefore are not discussed:

Based on Aadland's hydrelogic nomenclature, some zones are subdivided based on the heterogeneity
“of their lithologic and hydrogeologic characteristics. * For example, h)"drogedlogic unit ITA consists
-of an aquifer and anaquitard.. Other zones are not subdivided because of the homogenexty of their -

. lithologic and hydrogeologic characteristics.

Confining System I is an aquitard which corresponds to the Cape Fear Formation (the Appleton
Confining System) and -consists of clay layers and seml-consolrdated clayey, silty sands. Some
aquitards such as-this system are effective seals throughout the SRS area. However, because of lateral
and vertical changes in permeabrhty, other beds’ referred to as aquitards inhibit vertical ﬂow between

aquifers in some places but allow its passage in others.

Aquifer Unit I consists of an aquifer which corresponds to the Middendorf Formation (McQueen
.Branch Aquifer System).., Confining System JA - IB is an aquitard and corresponds to the Middle
Black Creek Formation (the 'McQueen Branch Confining Unit). The aquifer unit con’sists"
predominantly of dirty to ¢lean, fine-to coarse-grained sands with interspersed clay layers. The elay
beds in Aquifer Unit I appear to have lateral continuity, but they are only loeally impervious. Thus,
this unit is hydrologically connected to sands in the overlying Lower Black Creek Formation. The
aciuitara Confining System IA - IB, is locaily fissile clay layer in the Black Creek Formatibn‘ Itisa
conﬁmng layer in some parts of SRS, but it does not form an effective seal or is not continuous in

other places.

Aquifer Unit IB c_onsists of a lower sand aquffer and an upper aquitard (Confining System II).
Aquifer Unit IB corresponds to the Upper Black Creek and Lower Steei Creek Formation (the Croucl\l
Branch Aquifer System) and Confining System II corresponds to the Upper Steel Creek Formation
(Lower Meyers Branch Conﬁmng System). Confining System II is an effective aquitard in many
places at SRS, but at other places it allows upward ﬂow of groundwater to the basal, sand portron of.
Conﬁmng System 1I.

Confining System II consists of the Sawdust Landing Formation, Lang Syne Formation, Snapp
"Formation, and the Fourmile Branch Formation. These units are known formerly as the Rhems

(Ellenton) and Williamsburg Formiation of the Paleocene- Black Mingo Group. These formations
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" comprise the- Meyers Branch 'Conﬁning System.. This- zone contains lignitic' clay interbedded with.

sand layers. The sand-at the base of this system may e water bearing but is only a minor portion .of
tlle'section. Most of the zone consists of virtually impermeable material; therefore, Confining System

II.is considered to be an aquitard.

Aquifer Unit IIA consists of clastic-sediments of the Congaree Formation which corresponds to the :
* Steel Pond -Aquifer in the -_northern portion of the SRS and the GordonlAqui'fer System in the -
‘southern portion of the SRS. Aquifer Unit IIA is an aqilifer that consists predominantly of fine- to

coarse-grained quartz ‘sand. Clay laminae occur throughout the section, but they are too thin and

dlscontmuous to be effectlve aquitards. -Thls aquxfer unit has been further subdivided in some areas

because of the existence of a limestone unit. Where this limestone is. present, it is believed to

influence the vertical migration of water through the aquifer unit by retarding movement in some

areas and allowing rapid movement in other areas. Consequently, a head difference may be observed.

-across this aqulfer unit attrxbutable to the limestone. In these areas, Aquifer Unit IIA'is further
subdivided into- lower arnd upper hydrologic units. Confining Unit IIA - IIB corresponds to the-

Gordon confining unit and consists of glaucomte bearmg sand and clays (Green Clays). This zone is
characterized by rapid facies changes. - It consists of dirty to clean sands that enclose clay lenses.

The clay lenses attain a maxrmum thickness-of 10 feet. The permeablhty of this formational clay

vanes greatly,- causing:it to act as a confining or semr-conﬁmng layer at some locations and a.

moderately transmissive layer at other locations.

Confining Unit IIA IIB and Aquifer Umt IIB corresponds to calcareous and noncalcareous sands

" and clays of the Middle Eocene Sediments of the/ follow formations: the Warley Hill Formation, the -
' Santee Formation (McBean Member/Blue Bluff Formatron and the Caw Caw Member), the Tinker

Formatron and the Clinchfield Formatlon (Rxggms Mill Member and the Utley erestone Member)

These units comprise the Gordon Confinmg Unit and the Upper Three Runs’ Aqu1fer in the southem - .
portlon of the SRS site). The hydraulic conduct1v1ty of the zone 1s moderately low to moderate to -
moderately high. Groundwater leaks 1nto ‘this zone from the sands of ‘the overlying-Dry Branch

.Formation.

Adquifer Unit IIB is divided ‘info three hydrogeologic subzones and ‘consists of the Late Eocene Dry
Branch Formation and its Irwinton Sand Member and the Griffins Landing Member. Tlus aquifer
consists of predommantly fine to coarse grained sand, but clay laminae are locally common Local -

~hydraulic interconnections between Confining Unit IIA-- IIB and.Aquifer Unit IIB exist such that

these units may be considered as a single hydrologic unit. .‘Groundwater occurs under unconfined to . -
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: seml-conﬁned condmons A conﬁmng unit -within Aqulfer Unit 1B cons15ts of dirty.. to clean sands - (
enclosing clay lenses that pinch out- over short distances.’ Thus, the Twiggs Clay is a local aqmtard -
only, and the Dry Branch and ‘Tobacco Road Formanon are hydraulically connected in some places_..‘

The groundwater in Upper Aquifer Unit IIB (the Lower Three-Runs Aduife'r’) occurs” under:
unconfined conditions at most places Where the Tobacco Road Formatlon ‘outcrops along the valley

of nearby streams, the- sedxments are unsaturated o L . S e

Aquifer Unit IIB corresponds to the Altamaha (the Upper Three. Runs Aqu1fer) Du‘ty to moderately
clean, cross, bedded sands are dominant .in: this ‘unit, but clay bodies -are common: Consplcuous :
quartz pebbles are common' locally, and large to small clay balls occur sporadically. Nearly all of the .

sands within this unit are unsaturated, but perched water occurs above some of the clay bodies: .
2.7 - - Demography and Land Use

The 1980 estimated population in an 80 kilometer area around the SRS was approximately 563,000
persons. The largest cities in this area are Augusta, Georgia and Aiken, North Augusta, and Barnwell, _
South Carolina. There are, 31 incorporated communities in this area, 16 of which had a populatlon : ' ( :

under 10;000 while 11-had a 1980 population between .1,000 and 5,000 . The Augusta Standard
Metropolitan Statlstlcal Area .(SMSA) had a total 1980 populatlon of 327,400." Approxlmatcly
two-thirds of the 1980 populatton within 80 kilometers of SRS hved in rural areas.. .~

Access to the Savannah River Site is hmlted by guards and secunty forces. Howeyver, once on site,
access to the BRRP Site is not hmlted The BRRP Site is located near the mtersectmn of Road C-and
the entrance foad to F-area. Thé BRRP Site i is located approx1matcly one-half mlle southwest of the
F-Area; where the average dally work® ‘population is approxnmately 8000. The BRRP Site is presently

not used for any spec1ﬁc purpose. T
28 - Ecology ' - . T

The BRRP Site and thé area surrounding the BRRP-Site is characterized by well-estahlished
herbaceous cover; dominated by grass, with plants averaging 2. 5 feet'in height. The pit is flanked by
dirt roads to the north and west. Except for the borrow pit, the sirrounding’areas are predomlnantly
pine and pine-oak forest. - The pine forest is dominated by loblolly pine -(Pinus taedq) with a
profusmn of kudzu-vine (Pueraria lobata) present. The mixed pine-oak forests are dominated by : <

loblolly pine in the overstoty; laurel oak (Quercus laurifolia) and water oak (Quercu.s: nigra) in the -
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understory, kudzu-vme and muscadine (Vitis rotundzfolza) as the dommant vines; and very few
herbaceous species, in the herbaceous layer, probably dueto a dense accumu]atlon of pine needles on

the forest floor. The trees in the canopy of the pine-oak forests were estimhated to average 65 feet.in

height.

The rubble pit is approximately 98% covered by grasses and forbs, which were planted to establish
. vegetative cover. Thedominant species in this field community are-Paspalum sp. (a grass) and

Lespedeza sp. (bush cover). None of the vegetation growing on the pit exceeded three feet in height.

The area between the rubble pit and the surrounding forest communities is a successional, old field
habltat Grasses and bush clover are present.as well as partridge-pea (Cassia- fasciculata) and few
small persimmons (Diospyros -virginiana), and rabbit tobacco (_Gnaphaltum purpureunt), .and some

blackberry (Rubus sp.) and greenbrier. (Smilax sp.).

A total of twenty-three bird species were obser\(ed on, flying over, or adjacent to the rubble pit during
the August 1994 sxte reconnaxssance Special attention was given to snags of dead ‘trees and the
pooled water in the borrow -pit, which may serve as habitat areas. Tracks of wild turkey (Meleagrzs
gallopavo) were frequently observed on the exposed sandy soils throughout the area, especially to
the east in the borrow pit. Seyeral snags in the vicinity of the rnbb'le pit were observed to have
suspected woodpecker cavities. Althdugh none were observed to have any activity, these may be

occupied by the numerous species of woodpecker that inhabit the area.

Few direct observations of mammals were made, but numerous signs of mammal activity were found.

Tracks of white-tailed deer (Odocoileus virginianus) were observed in the open sandy areas adjacent
to the BRRP Site. Leaf nests of the grey- squirrel (Sciurus carolinensis) were observed in areas of the
site. Several scat were observed and were identified and those of the eastern cottontall (Sylvilagus
floridanus mallurus) and the raccoon (Procyon lotor). Signs of foraging activities of the feral swine
were evident in the woodland north of the BRRP Site. The lack of a permianent water body on site
limits the use of the BRRP Site for reptiles/amphibians. The herptiles observed include the green tree
frog (Hyla cinerea), and tadpoles. ' '

Threatened ‘or endangered species.of plants or animals were not observed during the ecological site

reconnaissance.
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A Draft Preliminary Site Characterization report was prepared for the BRRP Site. This report

includes derivations and maps of the terrestrial and wetland habitats existing at the BRRP Site, lists of -

flora identiﬁed in each major habitat identified at the unit, and wildlife observations from the August
1994 unit reconnaissance. Site charactenzatxon information i is provxded in Volume II of this report
(Final RFI/RI Report Burma Road Rubble Plt (231-4F) (U) Volume II Baseline Risk Assessment,
WSRC-RP~94-1218)
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3.0 . © ENVIRONMENTAL INVESTIGATIONS

The environmental investigation conducted at the BRRP consisted of four phases: a geophysical
mvestlgatlon, soil gas investigation; the collection of soil, sediment and water. samples; and the
installation of groundwater monitoring wells. The objectives of this investigation were to delineate

the BRRP trench boundaries, identify any large buried metallic objects such as drums and determine

. the lateral and vertical extent of potential contamination. Directional references pertain to True

North -rather than SRS North. This section describes the methodologles utilized during the

performance of this study area mvestlgatmn
3.1 " Field Investigation Strategy

The field im;estigation strategy utilized for the BRRP was outlined in the RFI/RTI Work Plairfor the

Burma Road Rubble Pit (WSRC, 1993) This section provides a brief descnptlon of the Work

Plan strategy and its application to the BRRP field mvestlgatlon

The soil assessment sampling plan was completed in order to identify areas of potential hazaxjdous”

substance release and to confirm the presence or absence of contamination in the soil at the waste

unit. The sampling plan consisted of three phases. The first pliaseconsisted of three geophysical

techniques - ground penetrating radar (GPR), electromagnetic (EM), and magnetometer surveys
_to determine if disturbed soil or buried waste was present and to delineate trench boundaries at the

unit. The second phase was a fourth soil gas survey to detect volatile organic compounds in the’
soil. This fourth survey augmented the three previous surveys by sampling around the perimeter’

of the trenches to better bound the lateral extent of volatile organic compound contamination
- found during the initial surveys. The third phase (soﬂ sampling) consisted of chemical analyses of

samples obtained by surface and subsurface soil samphng The soil sampling was conducted to -
confirm the results of the -geophysical and soil gas surveys; to provxde general characterization of

. waste dlsposed in the pits; and to detect the presence of any semi-volatile organic compounds and

metallic constituents in the soil. Soil sampling was.conducted’ inside and outside the BRRP waste
unit ’boundaries. The results of analyses of the soil samples obtained from the pits were compared
" with the r’esults of analyses performed on background soil samples to determine the.magnitude of
soil contamination in the vicinity of the pits.

- The groundwater assessment sampling plan was completed in order_to obtain data on the

hydrogeologic characteristics at the waste unit, to determine whether hazardous substances had
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been released to. the groundwater, and to determine the extent.of contamination resulting from

possible migration of hazardous substances beyond the waste umt. Cone penetrometer technology
(CPT) was utilized to obtain stratxgraphxc, hthologlc, and water’ table data. Nine new monitoring
wells (3 .3-well clusters) were installed to complement and clarify the data received from:the
existing monitoring wells. "The new well clusters- were installed upgradient, lateral,” and

downgradxent to the BRRP. The new wells. were drilled to collect groundwater data to aid-in_

determmmg lf contaminants detected at the BRRP were the result of releases from other sources in

the.vicinity.

During the entire investigation, it was observed that standing water was present.in a low lymg area
adjacent to the BRRP wasté unit. - A field decision was made to collect surfacé ‘water samples in
addition to the sampling specified in the RFI/RI Work Plan for the Burma Road Rubble Pit
(WSRC 1993) in order to be conservative and.to provide additional characterlzatlon data
Background surface water samples were unavailable because there is no upgradxent body ‘of
surface water within a reasonable distance of the waste unit from which to obtain a unit-specific

background sample.
3.1.1 Adequacy of Field Investigation

The work which was done at the BRRP was pérforméd to delineate the area for énaljsis and to
characterize the potentlal contamination of .the soil and grouridwater at the BRRP. The

geophysxcal analyses performed delineated the two areas where disposal of the waste materlal'

occurred. These surveys found that the areas so noted were approximately physically located
where they were thought to have occurred. - Minor excursions beyond the orange markers were
experienced. There were no s1gmficant surprises as to the physical location of the pit themselves;
and, there were no new pits or areas found by the geophysical ‘surveys. One small area of

disturbed soil existed to the west of the two pits, and when drilled yielded only soil. This is thought .

to have been a borrow pit for the BRRP waste unit.

.

The magnetlc survey of the BRRP revealed several prominent magnetxc anomalies. ' The larg&st

magnitude anomalies form two parallel, northeast trending dipole features that are interpreted to
result from ferrous metallic objects contained w1thm the trenches. Both magnetlc data and. the
electromagnetic data indicate that the northeastern ends of the trenche_as probably contain larger

amounts of metallic material. Individual delineation of the contents was not possible since there
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. were such large concentrations of the metallic objects. Evidence indicated that no significant
amount of metallic material was present in the area of disturbed soil to the west of the pits.

" The results from a total of two hundred twenty-six (226) soil gas survey points and three
geophysical teehniques were used to bias the position'of the seventeen- soil‘borings' in areas where
anomahes occurred. * This was done in order to target areas with the lughest potential for
contammatlon Six soll samples were taken from each of the soil borings, for a total of -one
hundred and twe soil samples. Samples were taken at the surface and while augermgldnllmg the
soil ‘borings. The contents of the pit were noted, when encountered. None- of the borings
" encountered any containers (i.e., drums), liquid, sludge, or experienced a rod-drop that would
indicate a'drum or container being punctured. Only ‘inert materials (i._e., wood, trash, lead wire, -
-copper wire, metal, bottles, plastic, aluminum, rubble, foam, 1/2 inch cable, concrete, etc.) were
encountered. 'Continuous OVA readmgs were also taken. At BRRP-12 a turpentine odor was
noted at apprommately 3 feet below the surface. The auger had a piece of wood in it when it was .
_withdrawn. The wood also had a turpentine odor. Turpentme isa natural degradatmn product of
pine wood

CPT successfully provided lxthologlc, strangraphxc, potentxometrxc, and water quality data and
.was mstrumental in the placement of the downgradient momtormg well cluster locat:ons

The groundwater assessment provxded water quality data up-, down, and s1de-gradlent of the
waste unit which demonstrated that the BRRP" was not the source of any elevated contammant'
present in the groundwater. The presence of contaminants up-gradlent as well as down-gradlent

‘suggest an up-gradient source.
3.2 Geophysical Investigation

Three geophysmal survey techniques were used at the BRRP to determine_ subsurface charactenstxcs
of the area: electromagnetlc survey, magnetic survey,-and ground penetrating radar survey. The
survey techniques are similar, but each technique has specific capabilitics. The ground penetrating
radar.can detect disturbed areas of soil and buried objects. The electromagnetic survey' detects metal
objects. The inagnetic survey detects ferrous metal objects.
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3.2.1 Electromagnetic Survey

The electromagnetrc (EM) survey was performed during October 6 -8, 1993 The objectrves of the

EM survey investigation were as follows:.

1. To determine the boundaries of the BRRP Waste Unit,
2. To help 1dentlfy buried tanks, drums, or other large metallic objects across the: rubble

. pit area, . :
3. To help assess the natural geohydraulic conditions, and

4. .To help map-the potential contaminant plume.

'EM methods measure the electncal conductlvrty of the subsurface.- Conducuvrty is measured by
mducmg electrical currents into_ the earth with a time-varying primary magnetic field and measurmg
the amplitude and phase shift of the resultant secondary magnetic field asscciated with the induced -
currents.. The amplrtude and phase shift of the secondary magnetic field relative to the primary field
are functions of the electrical properties ‘of the earth matenals near the transmitter and receiver. The
effective depth of exploration of EM instruments is consrdeted to be the depth. of materials from'
which the majority (70 percent) of the instrument response is gathered.
The electrical conductivity of subsurface materials is primarily dependent upon theconductivity of
the pore fluids, porosity, and the clay content of the soil and rock. There are two components of the
induced magnetrc field which can be measured. The first component is ‘referred to as a "quadrature-
phase" component that- gives the bulk conductrvrty measurement. Bulk conductivity 'is ‘expressed in
terms of milli-mhos per meter (m-mhos/m). The second component is referred to as the "in-phasé"
component which is more- sensmve to large metallic objects such as prpes, drums and tanks. The
interpretation ofthe in-phase response is-more ‘qualitative than the bulk conductlvrty measurement.
The interpretation of the in-phase response. is based upon the variation in the. m-phase component of
the EM signal relative to a baseline or background response. By observing the response of the in-
phase component of the secondary magnetrc field, it is often possrble to determine’ whether a change
in conductrvrty (quadrature-phase) is. due to the presence of buned metalhc objects as opposed to
clay or dissolved metals in the groundwater

A Geonics EM-31 conductJvrty meter was used to collect ground conductivity values along the!
transect identified in Figure 3-1.
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The boundaries of the surveyed area was established by field personnel. As illustrated in Figure 3-1,
" the survey was performed along a 5-ft grid of perpendicular transects.- The transects were established -
using a 300-foot 'ﬁberglass measuring tape. Bulk conductivity and in-phase response measurements

were collected at survey stations which were spaced 5 feet apart along each transect line. The location

of the survey stations were indicated using 24-inch survey flags, The survey ﬂags were left at the
project site after completlon of the investigation to assist field personnel-in locatmg identified

t

anomalies (1rregulant1es)

-

The EM-31, survey was performed by-two people walking the EM-31 and ‘data recorder along the
previously established transect hnes EM data was collected using-a data range scale of either O to 30
or 0 to 100 m-mhos/m. The effectlve depth of penetratlon of the EM-31 is approximately 20 feet
below land surface. The 1nsnjument scale was varied to allow for increased accuracy in datd
interpretation. The location of the 'EM-31 instrument along the. transect lines was electronically
marked on the data on 5-ft intervals-at each survey- station. -Continuous bulk conductivity and in -
phase data were recorded. Approximately 59 000 linear feet of EM survey were performed durmg

the investigation.
3.22 . Ground Penetrating Radar Survey

Field personnel performed.a ground penetrating radar (GPR) survey at the BRRP during October 6 -
8, 1993. The objectives of the GPR survey were as follows:

1. Evaluate natural and disturbed soil conditions to delineate the pit boundaries,
2. Locate and. delineate buried waste, including both bulk and drummed waste, -and

3. Locate and delineate- potential contaminant plume-areas.

GPR systems are similar to EM systems ‘in that a source and a receiver are needed. A radar antenna |
source emits an EM pulse several times a second. These EM 1mpulses are then directed into the’
ground in the form of waves. As the waves penetrate deeper through the geologlc material, contrasts
(anomahes) cause some of the waves to be reflected back toward the surface where it is received by
the antenna, while some of the waves continues downward. When enough-anomalies have been
encountered, there -is very little remaining of the signal (to be reflected); this cox;dmon -is what is
termed effective penetration depth. The time interval between the point when.the signal is eniitted -to
when it is teflected and received is dependent on the properties of the material and on'the deptli at
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. which the signal is reflected. The radar impulse travels approximately 10 percent the ,speecl of light '

in water; in dry sands, the radar impulse travels approximately 50 percent the speed of light.

The contrasts in electrical properties are a function of the composition of the materials and moisture
contents. Generally, good conductors, such as metal drums, reflect the entire radar signal (EM wave),

so there-is no peneiration below this point. ‘Poor conductors (good resistors), such as unsaturated-
-sands, will generally allow for a deeper radar signal penetratlon than good conductors such as .

saturated clays or saline water

The GPR ‘survey at the BRRP utilized velocities for the Upland Unit sediments based on a walkway.
noise spread. performed in the undisturbed soils adjacent to the-trenches. The variability of velocities
associated with sediment dielectric values Within'UpIand soils adjacent to the BRRP are-consistent with
values found elsewhere on s1te and as determined from other velocity measurement techmques (e.g.,

by direct arrival measurement-to the- water: table) The walkway spread confirmed the values of 6-7°

nanosecond per foot, two way tire (0.28 to.0.33 ft/nsy) for the survey area of the BRRP.

GPR data was acquired on a total of 208 Tines to'taling 68, 880 feet. GPR lines 1-37 were recorded'
twice using the 100 MHz high power-antenna and agam using the 300 MHz antenna. Grid lines were '

spaced at 5-foot intervals. Data were acqulred in both directions (e g., north-south, then south-north),
but the data from all lines were plotted in the-: same direction, as displayed in Figure 3-2. Better
results were generally obtamed with the 300 MHz antenna. ' '

3.2.3 ) Magnetometer Survey

A magnetic survey was conducted in June-1993 to accurately determine the locations of the trenches

and to assess the prospects of additional buried objects at this waste unit. The survey consisted of a -

grid over and in the vicinity of the area where the trenches were known to occur. '

Magnetometer surveys measure the strength of the earth's magnét/ic field. A proton nuclear magnetic
resonance magnetometer is-frequently used. Thls is a hand-held instrument in which one person can

rapidly perform a survey over a site of a few acres in' size. A grid system'is set up and measurements .

are made of the magnetic field at each intersection of the grid. Areas with large amounts of buried
metal, such as steel drums, will have magnetic anomalies associated with them., The strength of the
anomaly will vary with the amount and depth of the buried metal. According to U.S. EPA

3
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documents, a smgle drum can typlcally be detected at dlstances up to 20-feet, while a cache of drums ~
‘can be detected at distancés up to 67. feet or more. E , o

" At the BRRP magnetlc data was collected with an EG&G Geometrics G-856- Gradiometer. This is a

proton magnetometer operated i in the gradlometer mode, with'a nominal accuracy of 0.1 nano-Tesla

(nT) The proton precession magnetometer uses the precession of spinning protons to measure the

 total’ mtens1ty of the earth's magnetic ﬁeld independent of orientation. This scalar value is
jrepresentatlve of the total field mtenslty The gradlometer is equlpped with two sensors which allow

for measurement of both the. total mtens1ty and vertical ‘gradient of the magnetic field. The vertical

: gradlent is used because it can provrde greater fesolution of shallow anomalies. Because the gradient

is the differénce in total magnetic fields; it removes the vanatlons in background readings by design.
The negative aspect of using the gradlometer Is that in the. process of being more sensitive, it is-also

. more sens1tive to magnetic interference (e: S surface metal).. As identified in the WSRC AReport titled
) "Magnetlc Survey of-the. Burma Road Rubble Pit-Waste Umt (Cumbest ‘et al, 1994), the gnd -

establlshed for most of the magnetic survey .was deﬁned by 5-foot station intervals placed on a square
pattern The -grid covered the area between and 1mmed1ately surroundmg the orange waste umt
marker balls, that mdrcated the corners of the waste unit and the areas within the trenches. In addmon

to this area, coverage was extended to investigate the area of disturbed soxl' that occurred -near the

southern corner of the srte The- grid for this extended area was defined by 5-foot station intervals

collected along. lmes 10 feet apart resulting in a 5-foot by lOJoot grid pattern. The station locations
were. positioned before the magnetlc data were collected by usmg a transmit to estabhsh 90 degree .

angles and stralght lmes and a cord- marked at 5-foot 1ntervals

The area‘of the BRRP magnetic survey is removed from cultural features that generate noise within:
-the data set. The F-Area’ wmd tower and BRR momtonng wells, cultural features adjacent to the site
' mlght possxbly affect the data, are ﬁxed and constant and will cause no cyclical variability within the
data set. Multlple re-occupation of a fixed.sité for drift calculations after every two-transects (each -
transect'taking apprq;tlmately 10 minutes) allows for. a curve a\teraging that precludes temporal

effects of sunspot activity. Micropulsations are generally less fhian 10 nano-Tesla in ‘amplitude and

fall well. below the smoothes contoured intervals presented on the BRRP magnetic ‘survey. maps.
Addi‘tionally, by nature, micropulsations .occur at random and_the chance of occurrence while the

sensor is directly over a trench is minimal.

3

The magnetometer used has a nominal accuracy of 0.1 nT. However, high magnetic gradients [>600 ‘

nano-Tesla per meter (nT/m)] will cause the signal to sharply degrade.- In most cases, this

31T
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degradation will deteriorate the accuracy to 1 nT. More severe degradation can-result in signiﬁcant ’
accuracy loss. With this consideration, the top sensor was placed 8 feet.from ground' level 'and—the'
bottom sensor 6 feet from ground level for the survey conducted over the 5-foot square grid. This -

configuration was used to optimize the gradiometer function"because of the short distance between' - :

the sensors relative to any ‘possible anomaly sources. This configuration was also used to avoid-the .

extreme magnetlc gradients that were expected from the material in the trenches.: This configuratron o

. was modlﬁed for the survey over the disturbed soil i in the IO-foot by S-foot grid. In this area, the- top’"
“sensor. was placed 4 feet: above the surface and -the bottom sensor 2 feet above ‘the - surface to"
maximize sensitivity and detect small or deeply buried objects. As a quality assurance/quality control.

check -and to account for dlumal variation, a single station, located on the northwest corner of the .-
grid, was surveyed regularly during data acquisition.

The data was downloaded from the magnetometer through an RS-232. port to an IBM PC Model 8() o
After downloadmg, the data was assigned coordinates and diurnally corrected with MAGLOC '
software. Further data display and -processing, including gridding and contourmg, were-.

accomphshed with GEOSOFT oftware. Gridding: of the data was accomphshed with BIGRID, whlch ,

is spec1fica11y designed to gridline data and enhance trends. Before.gridding, the data was, low-passed .
filtered with a 10-foot wavelength cutoff. After gridding, the data was also directionally filtered to

remove line-to-line leveling errors. All data was gridded -at’ 2.5-foot node spacing. Magnetlc
gradrents were calculated by subtractmg the top sensor reading from the bottom sensor and dlvxdmg
by their separation. Since the top and bottom readmgs are taken at a relatlvely short-tlme scale
(approximately 3 seconds) relative to diurnal vanatlons the gradient is- calculated from the data'

before diurnal correctlon

The station. locations for the survey are 1llustrated in- Flgure 3-3. The survey .over the area delmeated '
by the .orange waste unit marker balls and the locatrons of. suspected trenches (5-ft by 5-ft gnd ‘

> pattern) was rectangular in shape-and orlented SO that the short dimension was”approximately - -

perpendicular to the long dunensron of the trenches. . For this area, data was collected along travérse
parallel to the short dimension. The survey conducted over the, area of disturbed soil (5-ft by 10-ft - -

grid pattem) consisted of 20.lines along which data were collected in the : same-manner ass the 5-ft by‘
5-ft grid. ' o '

3.3 ) Soil Gas Survey
The following accounts of soil gas surveys conducted at the BRRP Site were taken from the May

1993 report titled "An Investigation of Soil Gases at Depths of 3-25 Feet at the Burma Road Rubble
3-12
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Pits" (Pirkle and Masdea, 1993) and the July- 1993 report titled "A Soil Gas Survey at Depths of 3 and

20 Feet at the Burma Road.Ru_bble Pits" (Pirkle and Masdea, 1993).

Four separate soil ‘gas surveys were. completed at the BRRP in October 1990, July 1991, September -

1992, and July 1993. The objective of all soil gas surveys was to determine the presence and extent, -

or absence of contamination in soil gases in and around the burial pits. The most recent survey

extended the coverage of prior surveys.

In the first two surveys (Sites 1 - 91), soil gas sample depths were 3 feet, except for Sites 85 - 88
which were 6 feet. In the third survey, Sites 92 - 133 were sampled using the Geoprobe hydraulic
sampling system to depths up to 25 feet while Sites 134 - 150 were sampled at 3 feet using a manual
sampling technique. In the most recent survey, Sites 151 - 207 ‘were sampled at 3 feet and Sites 208 -

226 at-20 feet. A soil samplé was taken for mercury only at each 3-foot site. A map of the sample
locations from all of the surveys at the BRRP site is presented in Figure 3-4.

The Geoprobe procedure utilized to collect the soil _éas samples specified driving the probe to a depth
of 20 to 25 feet or to refusal, whichever was achieved first. The probe was then withdrawn 0.5 feet

and-a sample was attempted. If a sample could not be taken at this depth, the probe was pulled up 1

foot and another attempt was made to take a sample.

During these-investigations, soil samples for mercury analyses were also collected. In surveys I
through III, soil samples were collected for mercury analysis from a soil core at a depth of one foot at
a_location approximately one foot away from the point of soil gas collection. In survey 1V, soil

’ samples for mercury.analyses were collected at depths of ‘three feet.

All quality assurance procedures for sample collection, sample documentation and analytical methods
followed an approved Qualfty Assurance Manual. This manual was audited and approved by the
Department of Energy for implementation at the Savannah River Site. '

—

“In all surveys, the light hydrocarbons, (C1 - C4); gasoline range aromatic hydrocarbons, (benzene,

toluene,, eihylbehgene, and xylene (BTEX)); selected chlorinated organics, and mercury were

monitored. - In the third survey and ‘the most recent sﬁ;vey; soil gas samples ‘were additionally

analyzed for the C5 - C10 saturated hydrocarbons and: 1,1,1-trichloroethane. All analyses for the -

most recent survey, except for soil mercury, were conducted at the Microseeps laboratory located in

Pittsburgh, PA. Soil mercury analyses were carried out in an on-site laboratory. “Samples for the
¢
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light hydrocarbon analyses were taken in prevmusly evacuated 125 ml bottles. ‘Samples for volatile
organic ‘compounds (VOC)_analyses were taken i Jdn previously evacuated 22 ml bottles. A duplicate
sample and a blank were taken for every ten samples The dupllcate samples were taken from a
' separate location which was approximately 1- foot from the ongmal site. Blanks were collected after

normal purging of the syringe sampler at each 10th sample location. The blanks were collected by
drawing ambient air through the syringe into evacuated -vials. The blanks were analyzed in the same
‘manner as the other samples.. ‘

!

Table 3-1 lists the constituents analyzed in the soil gas samples taken in 1992 and 1993.°
34 . Surface and Subsu'rface Soil Sampling ' -

" Soil samplmg was completed in two stages. Freld personnel provrded technical oversight dunng both
of the samphng events Surface and -subsurface soil sampling within the areas of suspected
contamination began on December 15 1993 and was completed on January 11, 1994. Background
soil samples were collected on January 17 and 18, 1994. The ob_]ectlves of the soil sampling program.

were as follows

To confirm the results of the soil gas surveys,

2.. To determine’ if hazardous s‘ubstances liave contaminated the surface and subsurface

- soils within GPR Zones 1, 2, and 3 (see Figure 1-3), and
3. To gather background soil quantity data for statistical, comparative analyses with

samples taken within the areas of suspected contamination.

Seventeen . (17) borings (BRRP-I through BRRP-17) were drilled in the area of suspected
contarmnatlon The boring locations were chosen after revrewmg .available results from the soil gas
survey, the GPR survey, the EM survey,-and the magnetometer survey. The primary ‘Studies used in
determmmg the boring locations were. the soil gas surveys and the EM survey. In general, the
borings were .located in areas where a soil gas anomaly was “detected or adjacent to potential
underground objects/areas of high metal concentratlon mdlcated by anomalies in the GPR, EM or
magnetometer surveys.. " Figure 3-5 shows the locations of the 17 bormgs “Table 3-2 lists the
. coordinates for these borings. Drilling and samples collection was performed with a hollow stem
auger rig. and a-two or three inch diameter split ‘spoon sampler. Prior to use, the. split spoon sampler
was decontammated in accordance with the procedures listed in the Westmghouse Procedures Manual

> — - 3-19
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Table 3-1 Cohstituénts Analyzed in Soil Gas ‘Samples

" Benzene Nonane
" I-Butane Octane
N-Butane Pentane
" Carbon Tetrachloride Propane
" Chloroform Propylene
" Decane Tetrachloroethylene
Ethane Trichloroethylene
Ethylbenzené Toluene
. Ethylene trans-1,2-Dichloroethylene -
Hexane 1,1,1-Trichloroethane . .
Heptane Vinyl Chloride
" Mercury M & P Xylene
" . Methane o) Xylene
" Methylene Chloride B
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- Table 3-2 C'oordir_lates for. Soil Borings.

’ Location

BRRP-1’ 33.3794974 81.6840004

. BRRP-2 ' 33.2792957 81.6844122 -
BRRP-3 33.2791545 81.6844965
. BRRP-4 33.2790187 . 81.6846067
_ BRRP-5 '33.2787551 81.6847035 .
BRRP-6 33.2787347 81.6848496

BRRP-7 33.2786150 -81.6849536 .
BRRP-8 ' 33.2782311 81.6851579
BRRP-9 33.2782454 81.6855674
 BRRP-10 . ° 33.2785036 _ 81.6856330
BRRP-11 33.2781096 81.6849338
BRRP-12 33.2784075 81.6846089

I BRRP-13- 33.2786934 81.6843766 -
I BRRP-14 33.2788557 81.6842134
BRRP-15 33.2789954 81.6840757
BRRP-16 . 33.2790754 81.6840206
I _ BRRP-17 33.2791830 . 81.6839123
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3Q5, Hydrogeologic Data Collection Procedures and Speciﬁcatione (WSRC, 1990). All eamples were
-field screened with an Organic Vapor Analyzer (OVA) at the time of collection:

Split spoon samples were collected at the surface of each boring from 0.0 to 2.0 feet. The next
sample was collected from approx1mately the base of the pit to two feet below the base of the pit.
Two additional contmuous two-foot split spoon were collectéd just below the base of ‘the - -pit.
Additional samples were collected at five foot mtervals ‘until the level of volatile orgamcs detected in

the headspace sample was 10 ppm or less in two- consecutlve samples. This sampling scheme is shown
_in Figure 3-6. Each sample was screened for volatile organics. by usmg the followmg headspace -

procedure:
1. = A sample from each undisturbed split spoon was placed in a wide mouth glass’jar.
2. The glass jar was covered tightly with aluminum foil
3. The jar was allowed to sit for approximately 20 minutes. b
4. Thie-aluminum foxl was then punctured w1th the OVA probe and a readmg taken.

The VOC screén'illg method utilized in this field characterization.allows time for v,olat.ile‘organic
vapors to accumulate .in the’ headépa‘ce of the sealed sample jar. This accommodates
environmental factors (i.e., wind, rain, etc.) as well as el,iminatihg" inherent ox"giinic compounds )
contained in plastic bags that\ma)_' pfovide a false positive rea(ling b)-" the screenlng ,tool. This*
procedure serves to minimize the potential for discontinuing Saolpﬁng within a borehole before the
vertical extent of contamination is determined. It also all‘ow;s for characterization of the horizontal
and vertical extent of contamination in one field salnpling event.

The volatile orgamc sample vials were filled difectly from the Spllt spoon 1mmed1ate1y after it was
opened. The remammg soil in the spht spoon was transferred to a-decontaminated stainless steel bowl

and homogenized. The remaining sample jars were filled ‘with this homogemzed soil.

At location BRRP-3, field personnel encountered metal objects at 8 to 9 feet during their first attempt.

The drill rig was moved to a location 3 feet west of the- original location and again met refusal at a
. depth of 9 to 10 feet. The rig was subsequently moved 5 feet east of the original locatxon and the
required depths were obtained at ‘this spot.

3-24
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Figure 3-6 Sampling’Scheme for Borings Conducted in Areas of Suspected Contamination.
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Samples were collected’ at six depths for all locations: Table 3-3 summarizes the sarnple date,

location, and analytical parameters for the samples collected from each soil boring. . Soﬂ bormg logs -

are presented in Appendix A.

Analytlcal sultes were determmed by taking into account ‘the unit history and the charactenstlcs of.

the specific contaminants such as moblhty within the soil matrix, potentlal fate and transport

mechanisms as well as time and cost. Additionally, because the soil volumes obtamed by the split -
spoon sampling device were often insufficient to fill all of the sample bottles (especlally on duphcate |1
samples), the analytes had to be prioritized based upon the unit hxstory, contaminant mobility, and_

fate and transport mechanisms.

Two background surface samples were collected on December 28, 1993. These surface soil. samples
were collected with a hand auger from the -surface to 2-foot depth Background subsuiface soil
samples were collected on January 17 and 18, 1994. These subsurface samples were collected with a
split spoon at'a depth of 10 to 12 feet. Headspace readings were obtained from each samole using

the procedure outlined above. All sampling procedures were conducted in accordance with WSRC ..

3Qs.

Figure 3-7- shows the locations ‘from which all background soil samples were collected. Table 3-4

lists. the coordinates for the background samples. Table 3-5 summarizes the field data for
. background samples collected.

3.5 . Surface and Runoff Sediment Sampling

Two surface Tunoff sediment samples (BR-05-01 and BR-06-01) were collected,on ,D'ecember 28,
1993. On February 22, 1994, one sediment sample (BRRP 101) was collected. from the borrow pit

located adjacent to the BRRP. Figure 3-8 shows the location of the surface runoff sediment samples. * -
Table 3-6 lists the coordinates for the sedlment samples. The objectives of the sediment investigation ‘

-‘/

were as follows:

1. . To determine if runoff from the pits has carried-contamination to offsite areas.
2. To determine if the BRRP has 1mpacted the quality of the water and sediments in the
adjacent borrow pit.
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Table 3-3 Soil Sample Fi:elii'l)ata.-in Areas of Suspect Contam_ination_--.- |

, ~ Sample :
Sample Date - S,a_mple. " Depth . , c Analytlcal
Location | Coliected |- Type |mterval (Feet) - Parameters o
. |LBrrP-01-01 | 12115093 | soii |”* “0-3 | TCL/TAL with TICs, Radionuclides ..
| BRRP.01-02 | 12115/93 | S0t | © 10-12 | TCLITAL with TICs, TCLP, Radionuclides |
BRRP-01-03 } 1271503 | soil | - 12-14 . TCL/TAL with TICs, Radlonuchdes :
BRRP-01-04 | 12/15/93 1 Soil. © 14-16 ' TCIJTAL w1th TICs, Radlonuchdes :
| BrrP-01-05. | 1215003 |.7soit: | .20-22 | . VOCs, RCRA Metals ‘
l,BRRP-dl‘-os 1211503 | soit 7| 25-27° . | VOCs,RCRAMetals- - |-
"I BRRP-02-01 -| 1271603 | son: | - 0-2 . . TCLITAL with TICs, Radionuclides
" |l BRRP-02:02 | 1211603 | soir- | * 8-10 |rcuraL with TICs, TCLP, Radionuclides |
I BrRP-02-03°| 12716003 | soit- | 10-12 |} . TCL/TAL with TICs, Radionuclides |
'l BRRP-02-04 | 1216/93 | soil |° 12-14 | TCL/TAL with TICs, Radionuclides
BRRP-02:05 | 12/16/93 | soit | -19-21 . -~ VOCs, RCRA Metals
| BRRP-02-06 | 12/16/93 | soil"] 24-26 | = “voCs,RCRA Metals
BRRP-03-01' | 12/16/93 | soit | 0-2 - ) TCL/TAL with TICs, Radxonuchdes ,
BRRP-03-02 | 1271793 | soitt | “15-17° | TCL/TAL with TICs, TCLP, Radioniclides ).
BRRP-03-03 | 1271793 | soit | “17-19 * . TCL/TAL with TICs, Radlonuchdes
BRRP-03-04 | 12/17/93 |- Soil .| ~19-21 | TCL/TAL with TICs, Radionuclides °
| BRRP-03-05 | 121703 | soit | 26-28 __"VOCs, RCRA Metals -
| BrRRP-03-06 | 12/17/03 | soil | 31-33 " .VOCs, RCRA Metals |
| BrRP-0s01 | 121603 | ‘Soit |- :0:2 | TCL/TAL with TiCs, Radionustides . | -
|| BRRP-04-02 | ‘121793 | soil 16- 18 . | TCL/TAL with TICs, TCLP, Radiomiclides |
“ BRRP-04-03 | .12/17/93 '} -Soil . 18.- 20 . TCL/TAL with TICs, Radionuclides A
| BrrP-04-04 | 12120003 -] - soit. |© 20-22 TCLITAL with TICs, Radlonuchdes
BRRP-04-05 | 1272003 | soit | 35-27 . .VOCs, RCRA Metals
- BRRP-04-06 | 12/20/93 .| - Soil 30 - 32 ’ VOCs, RCRA Metals
TCL = Target. Compound List - TCLP = Toxicity Characteristics Leaching Procedure
TAL = Target Analyte List - VOCs = Volatile Organic Combounds -

TIC = Tentatively Identified Compound
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Sample .
Sample Date. |Sample] Depth Analytical
Location [ Collected] T Parameters

‘BRRP-05-01 | 12/20/03 TCL/TAL with TICs, Radionuclides -
BRRP-05-02 | 12/2093 | Soil 15-17 | TCL/TAL with TICs, TCLP, Radionuclides |

| BrREP-05-03 } ‘12120003 | s 17 - 19 " TCLITAL with TICs, Radionuclides |

’;BRR‘P-OS-M 1212193 - | soit 19 -21 TCLITAL with TICs, Radiofmclides -f
BRRP-05-05 | 12/21/93- | "Soit | .24-26 : VOCs, RCRA Metals i G

, BRRP-05:06 | '12/21/93 | soil 29.- 31 VOCs,RCRAMetals . = .- -
BRRP-06-01 | 122193. | soit | - - 0-2 TCL/TAL with TICs, Radioniclides - -

| BRRP-06-02 |- 12121193 | ‘soit ‘| -“16-18 | TCL/TAL with TICs, TCLP, Radionuclides| -
BRRP-06-03 | 122103 | soit | . 18-20 " TCL/TAL with TICs, Radionuclides
BRRP-06-04 | 12/21/93 Soil . 20 - 22 TCL/TAL with TICs, Radionuclides |

| BRRP-06-05 | 122103 | st | 25-27 VOCs, RCRA Metals |
BRRP-06-06 ’ . 12/21/93 . Soil 30-3 B VOCs, RCRA Metals.- 1.
BRRP-07-01 | 01/03/94. |- Soil 0-2. TCL/TAL with TICs, Radionuclides. © ..

" BRRP-07-02 |~ 01/04/94 .| soil .16 - 18 | TCL/TAL with TICs, TCLP, Radionuclides| -
BRRP-07-03. |- 01/04/94 | soit |.. 18-20- TCL/TAL with TICs, Radionuclides” . || -
BRRP-07-04 | .01/04/94 | Soil 20-22° | - TCL/TAL with TICs, Radionuclides. |

|.BrRRP-07-05 | w0408 | sot | 25-27 . - VOCs, RCRA Metas ’
BRRP-07-06 |. 01/04/94. | soit- |- -30-32 - - - VOGs, RCRA Mefals'

Table 3-3 Soil Sample Field Data in Areas of Sdspect Contamination ‘('continued) -

BRRP-08-01 |- 01/04/94 | soit | 0:2.. TCL/TAL with TICs, Radionuclides. ~ |
BRRP-08-02 | 01/04/94 | 'Soil . | *-10-12 ° |TCL/FAL with TICs, TCLP, Radionuclides |-
| BrRP-08-03 | ovo4ms | soit |- 12-14 ' TCLITAL with TICs, Radionuclides ."
| .BRRP-08-04 | 01/04/94 | soil. | - 14-16 | TCIITAL with TICs, Radionaclides
BRRP-08-05 | 01/04/94 | “Soil | 20-22 - VOCs, RCRA Metals
BRRP-08-06 | 01/04/94 | -soit | 25-27 VOCs, RCRA Metals -

TCL = Target Cbmpound List
TAL = Target Analyte List
TIC = Tentatively Identified Compound

TCLP = Toxicity Characteristics Leaching Procedure
VQCs = Volatile Organic Compounds o
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"Table 3-3 Soil Sample Field Data in Areas of Suspect Contamination (continued)

-Sample
Location

BRRP-09-01

.Date
Collected

01/05/94

Depth

Analytical
Parameters .

'"TCL/TAL with TICs, Radionuclides ~

'BRRP-09-02 | 01/05/94 Soil 10 - 12 TCL/TAL with TICs, TCLP, Radionuclides
BRRP-O9-03 1 01/05/94 Soil 12 - 14 TCL/TAL with TICs, Radionuclides
BRRP-09-04 | 01/05/94 Soil 14 - 16 TCL/TAL w1thTICs, Radionuclides
BRRP-09-05 | 01/05/94 Soil 20 - 22 VOCs, RCRA Metals -
BRRP-09-06 | 01/05/94° VOCs, RCRA Metals

© 25 -27

TCL/TAL with TICs, Radionuclides

BRRP-10-01 | 01/10/94 | soil 0-2
BRRP-10-02 | or/1094 |. Soil 10-12 | TCL/TAL with TICS, TCLP, Radionuclides
BRRP-10-03 | 01/10/94 | -soil 12 - 14 TCL/TAL with TICs, Radionuclides
BRRP-10-04 | 01/10/94. | soil 14 - 16 TCL/TAL with TICs, Radionuclides |

| BrRP-10-05 | 0171004 | soit 20 - 22 VOCs, RCRAMetals . -
BRRP-10-06 | 01/10/94 | soit | -25-27 _ VOCs,RCRAMetals = . | .
BRRP-11-01 | 010594 | soil 0-2 TCL/TAL with TICs, Radionuclides '
BRRP-11-02 | 010594 | soit 10--12 ) TCL/TAL with TICs, TCLP, Radionuclides |

I BRRP-11-03 | 010594 | St 12 - 14 TCL/TAL with TICs, Radionuclides  |.

I 'BrRP-11-04 | 01/0594 | sot | 14-16 TCL/TAL with TICs, Radionuclides -
BRRP-11-05 | 01/05/94 | “Soil 20 - 22 VOCs, RCRA Metals
BRRP-11-06 |- 01/05/94 | Soil 25 - 27 VOCs, RCRA Metals

| BRRP-12-01 | 01/06/94 | soit L0-2. TCL/TAL with TICs, Radionuclides :
BRRP-12-02 | 01/06/94 | - soit 6-8 TCL/TAL with TICs, TCLP, Radionuclides |-
BRRP-12-03 | 01/06/94 - | soil 8- 10 TCL/TAL with TICs, Radionuclides

| BrRP-12-04 | 0106094 | soit .| . 10-12 TCLTAL with TICs, Radionuclides .

|| BRRP-12-05 | 01/06/94 | - Soil 15-17 VOCs, RCRA Metals

| BRRP-12.06 | o064 | soit | - 20-22 VOCs, RCRA Metals

TCL = Target Cdmpound List
TAL = Target Analyte List

TIC = Tentativeiy Identified Corilpound

TCLP = Toxicity Characteristics Leaching Procedure
VOCs = Volatile Organic Compounfis '
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Table 3-3 Soil Sample Field Data in Areas of Suspect Containination‘ (continueil):

Sample -
Location

Date
Collected

| 01/06/94

Saniple :
Depth

0-2 :

Analytical

.~ . . Parameters

BRRP-13-01 TCL/TAL with TICs, Radionuclides |
BRRP-13-02 | 01/06/94 | -Soil 13 - 15 - | TCL/TAL with TICs, TCLP, Radionuclides
BRRP:13-03 f-or06/94 | soil |« 15-17 | TCL/TAL with TICs, Radionuclides ' - |
BRRP-13-04 |. 01/06/94 | Soil 17-19 TCL/TAL with TICs, Radionuclides - |
BRRP-13-05 | 010794 | soil 22 - 24 VOCs, RCRA Metals )
BRRP-13-06 | 01/07/94 | soit | : 27-29 " VOCs, RCRA Metals
BRRP-14-01 | "01/07/94 | Soil - 0-2 | . TCL/TAL with TICs, Radionuclides |
|| BRRP-14-02 | 01/07/94 | Soil -| 10-12 | TCL/TAL with TICs; TCLP, Radionuclides| -
BRRP-14-03 | 01/07/94 | Soit | ‘' 12-14° TCL/TAL with TICs, Radionuclides
BRRP-14-04 | 01/07/94 | Soil 14 - 16 TCL/TAL with TICs, Radionuclides’ -
BRRP-14-05-] 01/07/94 |. soit | .20-22 VOCs, RCRA Metals

BRRP-14-06

- 01/07/94

VOCs, RCRA Metals

BRRP-15-01 | 01/10/94 Soil S 0-2 TCL/TAL with TICs, Radionuclides °
BRRP-15-02 | 017104 | soil - |~ 10-12. J TCL/TAL with TICs, TCLP, Radionuclides
BRRP-15-03 | 01/10/94 | Soil =] :12.-14 TCL/TAL with TICs, Radionuclides ~ . .
| BRRP-15-04 | o111/94 | soit. | 14-16 | TCL/TAL with TICs, Radionuctides -|- -
BRRP-15-05 | ow1104 | soit | . 20-22 - ' VOCs, RCRA Metals
BRRP-15-06. | 01/11/94 | Soil 2527 .- VOCs, RCRA Metals . _
BRRP-16-01 | 01/11/94 | Soil 0-2.- “TCL/TAL with TICs, Radionuclides _
l BRRP-16-02 -} 01/11/94 |- Soil.-| = 10-12 | TCL/TAL with TICs, TCLP, Radionuclides |
I'BRRP-16-03 ov1194. | soit 12-14 TCL/TAL with TICs, Radionuclides
"~BRRP;16'-O4~ ov1wod | Soit. | 14- 16 "TCLITAL with TICs, Radionuclides
BRRP-16-05 | 011194 | Soil 20-22 - | VOCs, RCRA Metals:
I BrrP-16-06 | ov1194 | soit 25-27" VOCs, RCRA Metals

TCL = Target Compound List
TAL = Target Analyte List

TIC = Tentatively Identified Compound

1

TCLP = Toxicity Characteristics Leaching Procedure
VOCs = Volatile Organic Compounds
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Table 3-3 Soil Sample Field Data in Areas of Suépect Contamination (continued).

‘ Samﬂl‘e : 1
Sample (| Date |Sample Debth _ Analytical
Location | Collected ter Parameters
BRRP-17-01 | 01/11/94 TCL/TAL with TICs, Radionuclides
|| BRRP-17-02 | 011194 | "soil | - 10-12 - |TCL/TAL with TICs, TCLP, Radionuclides
I BRRP-17-03 | ow1tio4 | 'soit.. | " 12-14 | - TCL/TAL with TICs, Radionuckides __
| BrRP-17-04 | 0171104 | Soit 14-16 - | TCL/TAL with TICs, Radionuclides
| BrrP-17-05 | 011104 | soit | 20-22 | - vocs RCRAMetals
| BRRP-17-06 | 0171194 | soit 25 - 27 " VOCs, RCRA Metals
'I"CL = Target Compound List .. - TCLP = Toxicity Characteristics Leaéhing‘Procedure :
'TAL = Target Analyte List . VOCs = Volatile Organic Corhpounds -

TIC = Tentatively-Identified Compound
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Table 3-4 Coordinates for .Background Samples

Location Latitude
BR-01 . 33.2797815 ' 81.6851442
BR-02 33.2786310 81:6859336
" " BR-03 33.2780389 81.6847243
BR-04 33.2789384 _81.6833204
" BR-07 33.2789384 81.6833204
BR-08 33.2795210 §1.6832346

Table 3-5 Background Soil Sample Field Data

.Location

Sample |

Date
Collected

Sample

Sample Depth ‘Analytical Parameters
Tge Interval (Feet) ' ' . .

TCL/TAL with TICs, Radionuclides

BR-01 ‘| 01/17/94 | soil | - 10-12
| Br-02. | 01/17/94 | soit 10-12 | TCL/TAL with TICs, Radionuclides
L. BR:03 | 01/18/94 | “Soit .| 10-12 | TCLITAL with TICs, Radionuclides |
BR-04 | 01/18/94 | soil 10-12 | TCL/TAL with TICs, Radionuclides |.
- BR-07 | 12/28/93 | soil 0-2 TCL/TAL with TICs, Radionuclides
BR-08 . | 12/28/93 | " soil - 0-2

TCL = Target Compound List
TAL = Target Ana'l)"tc List

TIC = Tentatively Identified Compound

TCL/TAL with TICs, Radionuclides
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Table 3-6. - Coordinates for Surface Runoff Sedlment Surface Water
and Soil (Sedlment) Samples ' : .

Location ] Latitude _Longitude -~ |
' 'BR:05 c - 332781604 | 81.6859308 -
| " __BR-06. 33.2779857. _ 81.6859308.
_.BRRP-101 | - 33.2783669 . 81.6841217.
1. BRRP-102 ) 332783669 ¢ | 81.6841217
|l BRRP103- | - "332783522 - | 81.6841683 -

3-39



Final RFURT Report for the . S WSRC-RP-94—1217 Rev.1
Burma Road Rubble Pit - ‘ ‘ o - _ July 1995 .

/

The surface runoff sediment samples, collected on December 28, 1993, were taken fronl a.ditch
located downslope of the unit. Each sample was taken at a depth of 6 to-12 inches using -4-hand -

auger and a stainléss steel ‘spoon. Samples were placed in glass Jars and prepared for shipping.
Sample preservation, shlpment and handling followed WSRC protocol. Table 3-7 summarizes the

sample date, depth and analytxcal parameter information for the surface runoff sedlment samples
collected. '

The sediment sample from the borrowpit was taken at a depth of 3 to 4 inches near the. water's edge
A stainless steel spoon and a glass sampling j Jar were used to collect the sediment sample The vOoC
sample jars were filled first directly from the samplmg device. The sample was then homogenized

in a stainless steel bowl and the other sample jars were filled. All samples were preservec_l,:_shxpped .
and. handled according to WSRC protocol. Table 3-8 summarizes the sample date, depth, and ,

analytical parameter information for the sediment sample collected from the borrow pit.
3.6 ' Surface Water Sampling

On February 22, 1994, two surface water samples (BRRP-102 and BRRP-103) were collected_frbrr_n

the borrow pit located adjacent to the BRRP. Figure 3-8 shows the location of the surface water

samples. Table 3-6 lists the SRS coordinates for the surface water samples. The objectives’ 6f the
surface water sampling investigation have been’stated in Section 3.4, Surface Sediment Runoff

Sampling.

One surface water sample was collected from near the water's edge wh1le second surface water sample
was collected from a hlgh turbidity area within the pond. The surface water samples were collected
using glass sampling jars. All samples were preserved, shipped and handled accordmg to WSRC
protocol Table 3-8 summarlzes the sample date depth, and analytlcal parameter -information for the
surface water samples collected from the borrow pit.

- 3.7 ‘ Gedlogiéal/Ecological/Hydrogeologlcal Investigation

The geological/hydrogeological mvestlgatlon began in November 1993 and was completed in
February 1994. This investigation included: '

"1. . The collection of lithology information and groundwater samples using cone
penetrometer technology,
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' Table 3-7 Surface Runoff Soil (Sediment) Sample Field Data

Sample -

Location
BR-05-01

_ Date
Collected | .
12/28/93,

: Sample

sze

Sediment

0-2"°

Sam,ble Depth‘
Interval (Feet) | - , S
‘ TCL/TAL with TICs, Radionuclides | -

Analytical Parameters .
‘o / : L

BR-06-01

'12/28/93

Sediment

)

'| TCL/TAL with TICs, Radionuclides

TCL = Target Compound List
TAL = Target Analytc List _
TIC = Tcntatlvely Identlﬁed Compound ‘

Table 3-8 Surface Water and Soil (Sediment) Samples Field Data

Sample | ~ Date Sample | Sample Depth :An:ilytical Parameters
Location | Collected | Type ° |Interval (Inches) o a -
~ | BRRP-101 | 02/22/94 |Sediment| ~ 3-4 .| TCL/TAL with TICs, Radionuclides
BRRP-102 | 02/22/94'| Surface 0 |TCL/TAL with TICs, Radionuclides
o - Water : L : o
BRRP-103 | 02/22/94 | Surface 0 | TCL/TAL with TICs, Radionuclides | -
T e |
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2. The collection of géotechnical samples, . - ‘ ' (
3. The mstallat.lon of nine- groundwater monitoring wells in 3 three-well clusters, and

-

4. The performance of slug tests.

The specific objectives of this,investigation.were as follows:

1. To optimlze -the pos'ition‘ing' of three new well clusters that would ,be placed
-upgradient, side fgradient, -and downgradient oi; the BRRP .by: *us'ing existing -
monitoring wells and hydrocone data, ‘ ’ . .

2. 'fo establish if ‘"hazardous substances have contaminated the aquifers below the' water‘ .
table aquifer by using water quahty data obtained from the three new well clusters,

3. To gather background groundwater samples for statistical, comparatlve analyses with
samples taken where contammatlon is confirmed or suspected,-and

. 4. = ‘To gather other- geological and geotechnical data needed for assessment and potenttal

remedlal desrgn : -
3.7.1 . Cone Penetrometer " _ (

A cone penetrometer mvestlgatlon was. conducted at the BRRP beglnmng November 17 1993 and

was completed on December 5, 1993

/
The. scope of the ﬁeld work. mcluded nine piezocone soundings to an approximate depth of -85 feet- -
and five hydrocone groundwater samples collected from the- -top of the water table aqurfer. Flgure 3-',

9 illustrates the. locatlon of the soundmgs and samples
* The objectives of the cone penetrometer investigation were:

1. - To characterize the subsurface hthology at the BRRP, .
To collect groundwater samples using direct push technology, and /
3. - To supplement: exlstlng water table elevation data to aid in placement of the new well

clusters.
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3.7.1.1 . Piezocone _

The Piezocone PC—l: is a direct push iteehnology instrument which conforms to ASTM D-3441 and’
provides int'ormation'on‘ soil types and characteristics. Testing with the PC-1 is oonduoted‘by
pushing the cone into the earth at a constant rate of two (2) centimeters per second. As the cone is
advanced, data from pressure transducers and strain gages located inside the Piezocone are recorded
and displayed in real time on the computer rionitor. Recorded measurements mclude the stresses
generated on a 60-degree conical pomt and on a 150 square centimeter cylindrical sectlon (sleeve)
located immediately” ‘beliind the point. Pore pressure measurements aré taken through a porous

element’ located at the base of the tip .of the point. These measurements are then correlated to soil

type and vdrious soil characteristics. These correlations can be used in determlnmg groundwater -

samplmg depths, conﬁnmg units: and in location perched water tables.

The point and-sle¢ve pressures generated while the piezocone is being pushed are measured by strain
gages which adhere to the piezocone in a W_lleatstone Bridge formation. These strain gages conform '
to ASTM 3-251. The _nore pressure data is measured by a-diaphragm pressure transducer, Data ..
Instruments Model AB200 HP, and conforms to Mill'Stan'dard No. 45662. )

Correlatrons exist between cone measurements and sorl characteristics. The on-board -computer
determines soil charactenstrcs and type durmg PC-1 soundings by relating: pomt stress, sleeve fnctron,

and the ratio of sleeve fnctlon/pomt stress to equrvalent soil parameters.

The PC-1 determines the following data: - _ . .
I 1 'Uniﬁed soil classifications, _ -
2. . Relative soil density (SPT,bl,ow count values),
3. Perched water table conditions,' .

4 Estimates of hydraulic ¢onductivity, - ‘
5 Effective 'tlrickness of a confining unit. - -’

In addition the pore pressure transducer can measure the following:

1. Induced .pore pressure during thrusting, | ,
2. Time rate of pore i)ressure decay. when thrusting is-stopped,
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3. H}fdrostatic' or piezometric pressure within the aquifer which-is obtained when all
induced pore pressure is dissipated, and

4. Water table depth determined by correlations between instrument depth and
‘hydrostatic head.

3.7.1.2 dr one

The GS-1 Groundwater Sampler is used for obtaining groundwater samples (1300 cc volumes)"

without the need for monitoring wells.

~The GS-1 sampler is constructed completely of stainless steel and consists of a six foot sample

. chamber, an electronic ."wand", a tip assembly consisting of a check ball housing and check ball, a

#10 slot Johnson screen and a 60-degree conical tip. Samplmg with the- GS-1 begins with pushing
the instrument to a predetermined sampling depth. When this samplmg depth has been achieved,
high pressure argon gas-is applied to the sample chamber. - The high pressure gas closes the check

ball assembly and holds the tip assembly in place while the sample chamber is back-pulled one foot

to expose the screen assembly. Once the screen assembly is exposed the argon gas pressure is vented

and natural hydrostatic pressure forces groundwater through the screen, past the check ball and into
the sample chamber. When the sample chamber is full, argon pressure is again applied to the sample.

chamber sealmg the check ball assembly and preparmg the GS-1 to be retrieved to the surface Once

the entire GS-1 assembly is. retrieved to the surface , the tip assembly is removed ‘and the collected

groundwater sample- is decanted from the sampler chamber dlrectly into the sample containers. The’

entire filling process is monitored, real-time on the computer screen and the fillmg data is stored in
the computer for plotting analysis. A computer generated estlmate of hydraulic conductrvrty (K-
Value) is determined by applymg the time rate of filling data to standard Bouwer and Rice rate of rise

permeabxhty models.

The GS-1 sampler is oper'ated using the hydraulic load frame developed for the Piezocone, and data
is stored within the on-board computer system via a Micro Sv'f/'i'tch 26PCBFA3D transducer This
‘down hole data allows the' rig operator to "view" the sample collection, and provides mformatron
concerning the volume of water that is being collected and how rapidly the sample chamber is ﬁ]lmg

The ‘argon gas pressure is also monitored with the microtransducers.

At the BRRP, a Piezocone sounding was performed at each location to determine soil types and

hydrostatic groundwater levels. Once the soil types and groundwater levels were determined,
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groundwater samples were collected, at specified locations, using the Hydrocone. These groundwater
samples were collected approx1mately five feet below the hydrostatlc groundwater level at each

location.

3.7.1.3 Grouting Procedures

~

Boreholes wére abp.ndoneci by 'removing the probe. and tools fr,oxh the borehole. Temporary steel
casing was placed in the borehole. Grout was then pumped through the steel casing to fill the
borehole from the greatest depth achieved at the location to ground surface with a 5% Ben_tohite
powder/Portland type I-II cement mixture.. ' ‘

After the grout settled in the test hole for"24’hours, the grout ,was- checked for collapse ‘and if
necessary the grout.was brought up to ground surface at all borehole locations.

Grout consisted of a slurry of pure sodium bentonite, mixed with Portland type I-II cement, in a 5%
bentomte to 95% cement ratio (dry werght basis). Water was provided from the potable water supply

source used for equlpment decontamination.
3.7.1.4 - Decontamination

All test equipment,'irlcludihg the rig, were steam cleaned prior to arrival at the site. Decontamination
" operations consisted of thoroughly. washing all equipment using a high-pressure steam wash. .All
equrpment and items in the immediate vicinity of the soundings were clean of oil and dirt. 'No

grease, oil or other petroleum—based material were applxed to any threads.

Decontamination was performed at each location upon sompleﬁqn of all sampling at that location.
The hydrocone rig and all downhole equipment was .decontaminated in accordance with procedures '
described below. All downhole drilling and hydrocone equipment was decontaminated before each

sampling location as follows: ’/
1. The equipment was thoroughly rinsed with potable water immediately following use. R
2'. The equipment was washed-and scrubbed with a high pressure, hot water spraycr

delivering a solution of potable: water and Alconox.
3. The equipment was thoroughly rinsed with a high pressure, hot water sprayer

delivering potable water.
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4. The equipment was thoroughly rinsed with deionized water.

5. The equipment was rinsed twice with_ pesticide-grade isopropanol and allowed to air

dry. :
- 6. The equipment was thoroughly rinsed with organic-free water and allowed to air dry

as long as p0551ble

7. The cqulpment was completely wrapped in aluminum foil so that no portion of the
equipment was exposed. A tag was taped to the foil for 1denufymg thé equipment as
clean.

8. When cai'ted mud, rust and/or paint was present that could not be removed with steam

or high pressure wash, the downhole equipment was ‘sandblasted prior to step number
1. above, and prior to arrival on site. ' ‘ '
9. Printiﬁg and/or writing on well casings, screens, tremie tubing, etc. was removed with
emery cloth and or sandpaper prior to .arrival on site. Where possible, materials
. without printing onwritiné were ordered. ‘

Small downhole equipment was cleaned using the following procedures::

1. The equlpment was thoroughly rinsed - with _potable water as soon as poss1ble_
followmg use.

2.-  The equlpment was. washed and scrubbed in a solution of potable water and Alconox

3.  The equlpment ‘was thoroughly rinsed with potable water. -

4. The equlpment was rinsed twice with pesticide-grade. isopropanol and allowed to air
- dry: T

5. . The equipméent was thoroughly rinsed with orgamc-free water and allowed to air dry

as long as possible.

6 The equipment was placed completely inside a- plastic bag, wrapped in-plastic, or .
wrapped in aluminum foil so-that no pomon of the equipment was exposed. - A tag'
was- taped to the plastic or- f011 for identifying the equlpment as clean.

The Hydrocone Electromcs Package was decontammated utlhzmg the following procedures The
electronics package, "wand", of the Hydrocone cannot be exposed to- hlgh pressure cleamng or
.exceptlonally hlgh temperatures. Thus, decontamination of -the wand consisted of a rinse with
deionized/organic free water xmmedxately followed by a complete wash and scrub, using bottle
- brushes, with an Alconox, deionized water solution. The wand ‘was then rinsed with deionized/organic
free water followed by two rinses with reagent grade isopropanol and allowed to air dry. Prior to the
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next use of the wand, it was rinsed with deionized/organic free water and allowed to air dry as long as

possible.

All push rods for both piezocone soundmgs and hydrocone groundwater samples were -
decontarmnated by utilizing an-under chassis steam cleaner as the push rods were removed from the
ground. 'All decon rinse water was disposed of by pourmg the water onto the ground surface of
the waste unit,

-3.7.1.5 ual and Nonspecification Activiti
The plezocone soundmgs at two locatrons, PC-1 and PC-6, were not able to penetrate a layer of

cemented sands encountered in the subsurface. In these two instances, an augering system was

utilized to open a pilot hole through the ceriiented areas and then continued to push with the

plezocone -This method was successful at location PG-1. 'However, at location PC-6 the augers were

Jost iri the hole and could not be retrieved. A drill rig was used to open a pilot. hole.

CPT-5 was moved from the location shown in the RFI/RI Work Plan (with approval from SCDHEC)."
The geophysical data showed the original location to be within the pit boundaries.

The rate at which the Hydrocone filled at location CPT-6 was collected for the first trip down the
hole; and therefore, only one K-value plot was generated. However, the K-value derived from this
plot is suspect: An explanatron of the sample .collection procedures that occurred at CPT-6 is

provrded below.

The hollow stem augers.used to predrill the hole were advanced to a depth of approximatel).r. 70 -71
_feet. “The Hydrocone was advanced inside the augers to a depth of 68.5 feet. The Hydrocoue was
.pushed into soils which ‘had entered the augers.’ These soils compacted. an.d made pushing difficult'-
On the first samplmg attempt,” water rushed into the -Hydrocone and shorted the electronic circuits. )
The K-value obtamed ‘from this attempt is- suspect because the Hydrocone was inside the augers and.
the soils around the Hydrocone 'were not charactenstlc of the condmons in the undisturbed aquifer. .
On subsequent attempts, the remaining water needed for analysrs was collected using the Hydrocone

with the a.rgon ‘pressure to open the tip and to seal it as the water sample was retrieved; however, the

electronics were not operable and a K-value could not be obtamed
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3.7.2 Geotechnical Samples .| - -

Subsurface samples collected for geotechnical analys1s were obtamed from the two locations (BRS-2
and BRS-6) shown in Flgure 3-10. Location BRS-6 was sampled on December 13, 1993,  Location
BRS-2 was sampled on December 15 ‘and 16, 1993. All soil samples were collected using a trick- -
"mounted hollow stem auger drill ng A 24-inch long, 2 inch outside diameter stainless steel splxt
spoon sampler was used to collect these samples A total of 32 samples were collected from the
following depths from these two locations:

0 to 2 feet ‘ 40 to 42 feet
5to 7 feet ' 45 to 47 feet
10 to 12 feet 50 to 52 feet
15 to 17 feet 55 to 57 feet
20 to 22 feet 60 to 62 feet

25 to 27 feet

30 to 32 feet,

35 to 37 feet

65 to 67 feet

- 70 t0 72 f:eet

75 to 77 feet

Each borehole was grouted after the sample was collected.

The samples collected from these two locations were taken to an outside laboratory for analysis for
the following physical parameters: ’

*  Moisture Content ASTM D2216

. Particle Size Analys1s ASTM D422-63
. Atterberg Limits ASTM D4318- 84

. ' Class1ﬁcatxon ASTM D2487-85

3.7.3 Groundwater Well Installation -

Groundwater well mstallatlon began on November 4, 1993 and was completed on March 2, 1994. A
total of ninne wells were mstalled in3 three-well clusters. Figure 3-11 shows the locations of these well
clusters. Well cluster BRR-7 was installed first followed by well cluster ~BRR;6. ‘Well cluster BRR-8
was the last well cluster to be installed. The location of BRR-8 was determined based on the results of
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the piezocone. investigation. The, water level measuréments collected {during the pnezocone
investigation were used to ensure that BRR-S was placed downgradrent of thepits. . .

Pnor to drilling the pilot hole for each well the dnll ng and all tools to be mserted into the borehole
were decontaminated by steam cleaning. The drill rig was stationed on plastlc sheetmg to prevent

fluid leakage onto the ground All new or reusable matenal and equipment for well constructlon
were stcam cleaned-before insertion mto the borehole.- PVC trem1e pipe was reused for each well but
was decontammated w:th pressure steam cleanmg between wells Tag lines and water level indicators

were also steam clearied between each well installation. . .

The well materlals used are open at both ends and are thus subject to equlhbnum w1th ambient -
atmospherlc temperature and pressure. Although the water at the tip of the pressure washer
nozzle is at a high temperature and pressure, these condmons are not sustained within the PVC
pipe for any substantial amount of time. Rather, the Jet of hot water/steam is used to rinse off the
PVC pipe for only a few seconds. Therefore, it would not be expected that the collapse strength of
the well materxals would be decreased to any appreclable degree by the steam cleamng actlvmes
spec1fied

Technical overs1ght was_conducted by hydrogeologlcal field. personnel durmg the dnllmg actlvmes -
Because problems with flowing sands often cause hole cave-in problems for boreholes that are
advanced below the water table, mud rotary drilling methods are generally used for all bonngs
which are to be advanced below the water table. In accordance with this general practice, mud

rotary drilling techniques were used for the installation of all of the BRR wells. Borings that did

. not require sarnplmg were advanced using 7-7/8" tricone bit. All pxlot core holes in which .core

samples were collected were overreamed with a 7-7/8" tricone bit. Double-tube Christensen w1re11ne
cormg was employed to - collect contmuous core samples for lithologic descriptions. These
continuous cores' were taken from the deepest well-in each cluster.. Cores were extruded on site into
PVC troughs. Each core was immediately logged, wrapped in .plastic,. ‘and stored in plastic-

./

1mpregnated core boxes

Each core was logged according to the procedure outlined in WSRC 3Q5. l’rocedures included
descriptions of major sediment type, grain size distribution, color (Munsell color charr), texture,
cement and matrlx_ material (Appendix.A). Descriptions would also note the presence of sedimentary
structures, fossils and accessory minerals, and the degree of, saturation,
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Severel methods were used to.-enhance sarrlple recovery ‘while coring under difficult conditions. -
These methods included varying the length of the core barrel shoes, shortening the core ruli,‘varyirlg
drill bit rotation speed, applying additional pull-down pressure, increasing drilling fluid weight, and
using a "desander" to minimize sand content in drilling fluids. Hor'izo’ns composed of gravel and

- interbedded Toose sand and clay were difficult to Tecover.

. In general, bentomte-based drilling fluids (Qulk Gel™) were used throughout the drilling program. '
Control of the dnllmg fluid weight -and viscosity and minimization of sand in the fluid reduced the-
potential for excesswe formation damage and loss circulation. -‘However, lost circulation was-a
problem encountered at well cluster BRR-7 from 120 feet to 170 feet, where circulation was regamed

at-the maxrmum depth of conng

Upon co‘mpletion,of coring, each corehole -‘was conditioned for geophysical logging by circtllating"
‘clean drilling fluid unitil the sand content in the returning fluid was at a minimum. Geophysical logs
were obtained by slowly raising the logging tool from the bottom of the borehole. 'Ge_ophysicai
. logging services were completed at BRR-6B, BRR-7B, and BRR-8B. Caliper, natural éamma, )
spontaneous potential, single point resistance, and long and sh'ort.natural resistivity logs were run’ on
core holes BRR-6B, BRR-7B, and BRR-8B. The geophysical logging equipment was capable of
digital capture, mirj‘imizing the need for relogging and facilitating the'r_nerging and adjustment of .
data. ‘ s i —‘
Field geologic logs,. geothsical logs, sieve analysis, and drilling' notes were used to identify target’
screen intervals. The appropnate screen intervals were identified in the field for all momtonng wells.
A typical well construction dlagram is identified in Figure 3-12.

All wells were constructed of 2-inch-inside dlameter (ID) Schedule 40 DSI Shur Seal PVC casmg and
screen. All screen sections, except BRR-7C were 0. 20 machme slotted The screen section for BRR-
7C was 0.10 machine slotted. All wells were installed accordmg to procedures outlined in WSRC
3Q5 Monitoring well constructlon dlagrams are found in Appendlx C

Monitoring wells designated 'with the preﬁx‘ B and C were screened in the "Lower" aquifer zone of the
Upper Three Runs Aquifer. Screened intervals were selected by field personnel using the
geophysical information, field geologic logs, and correlation with nearby exrstmg ‘wells. All B and C
wells consisted of approximately a 5-foot sump, a 10-foot screen attached, and attached casing which

extended to the surface. PVC centralizers were installed one foot below the screen, one foot above
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®:
- /
- -. \
: 4 B \ \
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Figure 3-12 Typical Well Construction Diagram.
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the screen, and at'approxirnately' 40-foot intervals to the surfac'e Foster Diﬁciana FX50 filter pack

sand (average particle sxze 0.50 mm) was xnstalled via tremxe to a rmmmum level of four .feet above
the screen. Foster Dlxrana BX30 fine sand seal (average parucle size O 30 mm) was subsequently
installed to a minimum of two feet above the ﬁlter pack sand A minimum of four feet of bentomte

pellets were then mstalled above the fine sand seal

The BRRP D wells were screened in the "Upper aqurfer zone of the Upper Three Runs' Aquxfer,

below the Twiggs Clay. Surface casing were not mstalled as ‘part of the momtormg well constructlon

because the Twiggs Clay has a 'localized small areal extent and can be consxdercd a seml-confinmg

unit. It is assumed that the well groutmg will provxde an adequate barrier to’ localized contammant ’
" migration. The D wells were screened just above the Tan Clay Conﬁnmg Zone. BRR-7D and 8,'D .

wells do not have sumps due to the close proxlmlty of the screened to-the Tan Clay Confimng Zone.
A 20-foot screen was mstalled in wells BRR-6D and BRR-7D. A 15-foot screen was installed in well
BRR-8D. The screens generally straddle the water table surface w1th 5 feet of screen above the water

table surface and the remainder’ -within the saturated zone. PVC centrallzers were mstalled at

' appl;oxlmately 40-foot mtervals to the surface. ‘Foster Dxxrana FXSO filter pack sand was mstalled via
tremie to a minimum level of two feet above the screen. - Foster Dixiana BX30 fine sand seal was

subsequently installed to a° mlmmum of tow feet above the filter sand pack. A minimum of. four feet

of bentonite pellets'was then installed above the fine sand seal. Depths -and thrcknesses of the sand -

and bentomte were .verified by field personnel by tagging.

One to several stages of grout were mstalled in the well annulus from the bentomte seal to ground .

surface via tremie- plpe for all installed wells. ‘A maxxmum of 50 feet of grout was instalied in the first ;

stage.. This maximum tluckness for the first stage of grouting was desrgned to 'stabilize the well and

preyent the collapse of the well casing. Aftera; mmxmum of 12 hours curing time, grout was mstalled )

contmuously to the ground surface. Grout werghts were mamtamed in the range of 132 pounds per *' -

gallon (lbs/gal) to 15.0 Ibs/gal.

All wells were developed by the dnlllng company whlch installed them Wells were developed until
the dlscharge became clear

3.7.4 Slug Tests

Rising head and falling head permeability tests (slug tests) were performed in all nine new momtormg

wells. These tests provide estimates of the hydraulic conductivity of the -aquifer around the screened
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zone of the well. A slug constructed of one inch diameter PVC pipe filled with quartz sand .and
plugged at each end was used to perform the slug tests. The static water level and the total depth of -
each well were.measured pnor to mtroductmn of the slug. Water level in the wells were aliowed to
stablhze after the mtroductton of the slug After the water level had StablllZCd the slug was removed-

from the wells and the water levels were recorded using a Northwest Instruments Aquistar DL-4A
Data Logger. Recordings were continued. until.the water level had recovered at least 90% of the

original static water level.

The Bouwer and Rice Method (Bouwer, 1976) was’ used to analyze field data collected from

s N P

performing the slug tests in the unconfined and conﬁned aquifers.
3.8 Ecological. Investigation

The ecological unit reconnaissance was conducted at the BRRP on August 1 and 2, 1994. This
investigation was conducted as part of the Baseline Risk Assessment (BRA) for this unit. The BRA
assesses the potenttal endangerment to human ‘health and the environment associated with this umt

and will be used to evaluate remediation criteria if needed. The objectives of this investigation’ were

as follows:
1. Assess the general characteristics of on-unit biological communities including -
mammals, birds, reptiles, amphibians, and any aquatic communities present,
2. Determine the location, extent, and 'charactei'istics‘ of on-unit ecological resources,
- such as forested areas and wetlands that could serve as important wildlife habitat or
. -provide other ecological functions, .and "
3. Identify any overt. effects of contammatton on biological communities.

The field mvesugatlon included mapping and descrtbmg all wetland and terrestrial habitats; recordmg

wildlife observations of birds, mammals and reptiles; and mvesttgatmg ecological resources in nearby
downgradient areas which could be affected by mobile- contammants or-any future remed1a1 actions.

3.9 : Summary of Sample Locations

Figure 3-13 represents a compilation of locations completed for the RFI/RI Investigation at the BRRP

Site - piezocone/hydrocone, soil, groundwater, surface water, and sediment.
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4.0 ' RESULTS AND DISCUSSION OF SITE INVESTIGATION

4.1 Geophysical Surveys

4.1.1 Ground Penetrating Radar (GPR) Survey.

" Field personnel conducted a 3-D GPR survey at the BRRP RFI/RI unit in 1993." Figure 4-1 ﬂlustrates

the ‘outline of the GPR survey ‘grid. This survey supplemented an earlier GPR survey which mdlcated
that not all of the BRRP unit was dlsturbed The -older survey had detected two parallel linear areas of
dlsturbed soils within the unit as well as a third area of suspect disturbed soil that was believed to have -
béen a source of soil for backfilling the other two areas. The followmg summary and use of selected

GPR sections deta1ls the results of the most recent and more extensive GPR survey.

GPR sections clearly show disturbed soils and boundaries for two separate trenches. The trenches are
parallel to.each othér and oriented in a northeast to southwest direction. The southern trench appears

to extend beyond the orange ball markeis on both ends of the site. On some sections trench bottoms

~ dnd disturbed/undisturbed soil boundary contacts are apparent. The depth to the base. of the trenches

varied and was calculated for a representative set of sections. Depths ranged from 6 to 18 feet.
Several sections show very strong reflectors suggestive of buried metallic debris GPR coverage of a
suspect mounded area in the northwest part of the unit revealed chaotic radar reflections indicative of
disturbed $oil. However no strong reflectors were found in this area suggesting an absence of buried -
debris of any type.
The 3-D plots aid' in the visualization of the BRRP. The 3-D figure (Figure 4-2) illustrates the linear.
allgnment of the rubble pits. Figure 4-3 is a sample GPR cross sectron w1th labeled interpretive
mformatlon mcludmg a vertical time scale in nanoseconds (ns), a horlzontal scale of 5 meters -
between tick marks, max1mum.depth of the investigation and one buried object (utility). Figures 4-4
through 4-7 represent.data from the GPR suﬁey, of the Burnla—Road Rubble Pit. These figures
are labeled with a line nur_nber, in the ilpi)er left-hand corner of the text. These line numbers refer

' to the transects which are laid out in Figure 4-1. “The radar velocity at the BRRP site is given at 6-7

ns per foot. This velocity model was developed by taking GPR readmgs at four-locations where the
depth to a given object was known

v

GPR section #1 is'shown in Figure 4-4. This section is roughly parallel to and north of the northern .

trench at a bearing of S 68.29 . The relative continuity of the reflectors suggests that this section was

a1
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obtained over undisturbed soils. The very strong reflector located approximately three horizontal

tick marks from the left edge of the section may be due to a metallic object on the surface or'in the

shallow subsurface. GPR section #85 is shown in Figure 4-5. This section is roughly perpendicular |

to the BRRP at a bearing of S21.56 E and is located at the approximate midpoint of the long axis of
the Rubble Pit unit. This section shows two primary areas of disturbed soils coiresponding to the two
trenches and an apparent contact between disturbed and undisturbed soil. s On" the section, the -
rrudpomt of the northern trench is located approximately at the fourth tick mark from the left edge
of the section; the. midpoint of the southern trench is located approximately at the second tick mark
from the right edge of the section. On this section, the approximate width of the northern trench is
10 meters '(approximatel)"‘ 30 feet) and the approxirnate width of the southern trench.is 15 meters
(approximarely 50 feet). The distance between the trenches is approximately 18 meters
(approxlmately 60 feet). Note that the south edge of the southern trench lies beyond the southeast .
end of the section Tine. The contact between drsturbed and undlsturbed soil appears to extend from

the left edge of the section to the third tick mark and is shown as an area of relative continuity of the .

radar reflections.

The two-way travel time corresponding to the base of the north trench is 93 75 ns which is equivalent

to a depth of approxrmately 4 meters (approxlmately 15 feet). Thie travel time correspondmg to the .. -

base of the south trench is 71.25 ns which is equlvalent to a depth of 3 meters (approxrmately 11

feet) These depths agree well with the data presented in Appendix A for soil borrngs BRRP-S and

BRRP- 13 which are located near transect number 85.

GPR section #121 is shown in Frgure 4-6, This section is roughly perpendlcular to the BRRP at a

bearlng of S 21.56 E-and i is located near the. northeast end of the Rubble Pit unit area. The section

~ shows. numerous strong radar reﬂectors mcludmg four very strong reﬂectors which may be metallic
-debris.

GPR section #155 is shown in Figure 4-7. This section is located in the northwest part of the BRRP :
area and is over a mounded drea éuepected of containing buried debris. The section 1s typical of
most of the sectrons for this area and shows disturbed soils characterized by chaotic radar reflectrons
The GPR survey did not detect buried metallic debris in this area.

Figure 4-8 is a two dimensional contour map of the GPR survey area with the trench areas blanked .
out. The time scale is a color plot with each color correspondrng to a specific time in nanoseconds
Note that the southern trench boundaries extend beyond the orange marker balls.
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4.1.2 GPR Survey Summary

Three areas of disturbed soﬂs at the BRRP unit have been deﬁned using Ground Penetratmg Radar. .

Two of the areas are well defined parallel northeast trending, trenches The southern trench extends o

beyond the ofange-ball markers on both ends of the site. Numerous strong and weak radar reﬂectlng
anomalxes are found within the trenches mdlcatmg the presence of buried debris including metal
objects Calculated depths of trench bottoms range from 1.8 meters (approxunately -6 feet) to 5.4
meters. (approxrmately 18 feet) at the site. A small area of disturbed soils charactenzed by chaotic -
radar reflections appears to be present in the west corner of the site. A lack of strong radar reflectors

suggests that no debris is buried in this area.
4.1.3 " Electromagnetic Survey

An electromagnetic (EM) surirey. wasconducted at the BRRP site in 1993. Bulk conductivity values
using the EM-31 ranged from 2 to over 100 m-mhos/m across theproject site. A contour map of
bulk conductivity values is ,presented in Figure 4-9. Bulk conductivity values were obtained by -
averaging two conductivity values of a particular transect point obtained from the north-south and
east-west survey transects. In areas near the pit boundary, increased value weight was given to the -
EM-response values collected from transects performed perpendrcular to the boundary of the pit.

Background conduct1v1ty values were obtained from the survey lines outermost from the p1t area and

along a dirt road east of the srte Apparent background conductrvrty values ranged from 2t3
m-mhos/m.

ot

The suspected -boundaries‘ of the pit are also shown on Figure 4-9. These boundaries are

characterized by a large variation in the in-phase component of the EM signd and, in general, by
conductivity values elevated above apparent background levels. The large variation in the in-phase

component indicates the presence of, metal objects. within the pit debris. The. suspected boundary of

the pit as defined by the bulk conducﬁvity values was proximate to. either the 5 or 10 m-mhos/m

contour across the .rnajority of the project site; however, the app’arent boundary of the plt, as defined

by a large variation in the in-phase component of the EM signal, extended outside the 5 m-mhos/m

contour in several areas. The possibility exists that the suspected buried metal objects which created

the variation in the in-phase response in these areas were not of a sufficient size to eigniﬁcantly

elevate bulk conductivity values. Portions of the suspected boundaries of the pit fall outside an area '
defined by the orange ball markers.
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Figure 4-8
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Within the suspected boundaries of the total BRRP unit are two separate linear anomalies which are
defined by the 10 m-mhos/m-contour. These two anomalies confirm the GPR survey ‘conducted in

May 1993 which outlined the presence of two generally parallel, northeast trending rectangular pits.
The geophysical data indicated that the approximate dlmensxons of the rubble plts are each 400 feet
long by 50 feet wide by 10 feet deep.

‘An area of bulk conductivity above background levels without & large variation in the in-phase
response was.,prése,nt in the east corner of the site (Figure 4-9). This area is covered by a dirf road.

_ The elevated bulk conductiv:ity values may be associated with materials used in the road and not with
the buried metal objects. Arother small area of suspected buried metal debrié was preseni inside the
northwest corner of the sur"\"eyed area (Figure 4-9).

A large variation in the in-phase response was constant within the Suspected'bounaaﬁes ‘of the pit.
Accordingly, it was not possible to determine the s1ze .or the geometry of the metal objects which
created the variations. Therefore, it was not possible to determine whettier the variations were due to
the presence of metal drums or: tanks or were due to othier types of metal debris. -Note the high bulk .
conductivity values i in the east part of the northern pit. This suggests a higher concentration of buned
metallic objects in thlS area of the pit. This was confirmed with boring BRRP-3 where s1gmﬁcant )
amounts of. buried metal material caused the boring to be-offset three times before the sampling
depths could be reached The bulk conductlvxty values collected across the project site are presented
in Appendlx D and displayed on a color-coded bulk coriductivity map (Figure 4-10).

4.1.4 " EM "Survey Summary

The apparent boundaries of the BRRP. hz'lve been defined using electromagnetic techniques The pit

boundaries’ appear to extend beyond an area defined by orange-ball markers at the site. ‘Two parallel

northeast trending linear anomalies can be defined within. the overall p1t boundary using -the 10

m-mhos/meter contour. A small area of suspected buried debris-appears to be -present in the west

corner of the site, away from the pnmary pit. ‘Because of the apparent hlgh-dens1ty of buried metal

debris at the site, it was not possible to distinguish large metal objects such as drums or tanks from
" other metal debris within the pit.
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Figure 4-10
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4.1.5 - - Magnetic Survey

vemcal magnetlc field. gradlent map (see Figure 4»15)

' A magnetxc survey was- conducted by WSRC at the BRRP unit in June 1993 (Flgure 4-11) The

following summary is taken from the WSRC magnetic survey .report. -

. The survey data and ‘the diurnal’variation data ar.e, found in Appendix E.

Color contoured diurnally corrected maps .of the rnagnetic data are presented in Figures 4-12

through 4—14 showmg top: sensor bottom sensor and“vertical gradient data. Prormnent magnetic
anomahes are associated thh the monitoring ‘wells_(protective steel well covers), and the orange
marker balls The data also show two parallel, northeast ‘trending dipole anomalies where the trenches
are thought to be located.’ Additionally, an lsolated magnetlc anomaly occurs m the center of the

disturbed soxl area 1ocated in the west part of the BRRP umt

The hlghest magmtude magnetic anomalies recorded are those located within the trenches and

. correspond w1th the electromagnetlc sarvey anomalies. - The maxima and minima in the magnetic

vertlcal gradlent data most closely comclde with the 10 m—mhos/m contour -on the shaded 1mage

The largest total field -values and ,vertical gradients are found in the two linear ktrench)‘ anomalies

-particularly in the east end' of the northem most anomaly indicating that these areas contain- the most:
| . ferrous magnetic materxal ThlS conﬁrms the EM survey. bulk conductivity data, spec1ﬁcally the area

outhned by the:10 m-mhos/m contour (see Flgure 4-10)

'The area in. which'the isolated. magnetic- anomaly. occurs'near the middle of the area of disturbed soil

was searched for evxdence of surface metallic objects. None were found so the anomaly is mterpreted-
to represent a small buriéd ferrous metallic object at this location.
The other significant magnetlc anomalies seen in the magnetic data are attributed to the presence of

groundwater momtormg wells and the orange waste umt marker ‘balls that mark the comers of the

. waste umt

ey
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Figure 4-12
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Figure 4-13

\ G199) (u) Josuss woypog
~ oct 0 oGt Aoning o1suBON 19N, Busoyuop oiborciph-
~ ) jeg 98ub.(g -
1ld 188Ny QvOd viNaNg 1804 [D19A
: 1S04 9oud4
00905 . 03405 60236 90C0$ 00867

® 0

4-35

77000
T

77200
T

~
N

77400
T

77600
T

0004/

002/L

oov/ /L

009/¢

L3 .
0090¢ CIvCs 002CS 00C0s Q0867







Figure 4-14
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Figure 4-15

5- and 10-m-mhps/m bulk conductivity contours overlain onto shaded relief image of
vertical magnetic field gradient
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4.1.6 - Magnetic Survey Summary

H

"Two rnajor linear magnetic anomalies and one small isolated anomaly were identified in the magnetic’

survey. The linear anomalies correspond to-the EM survey anomalies, (particularly the 10 m-mhos/m :

contour) and have been interpreted to correspond to the two northeast trending trenches. The highest

magnetic values are found in the east area of the north trench which also corresponds to the highest
EM survey values suggestmg that the hrghest concentration of ferrous metallic objects 'i 'is located in
this area. A~ small isolated magnetic anomaly is present in the disturbed soil area located in the
northwest part of the unit and corresponds to an EM survey anomaly in the same location.” Other
prominent magnetrc .anomalies found in this survey can be attributed to- groundwater monitoring

wells and the orange waste unit marker balls.
4.2 . Seil Gas Surveys

A total of four 's\oil gas surveys were completed at the BRRP site. Surveys I through. IH,were’
conducted over tne two burial trenches in October 1990, July 1991, and ‘September 1992
respectwely ‘Survey Iv, conducted in. July 1993 extended the coverage beyond the two bunal .
trenches. In all cases, the purpose of the soil gas surveys was to determine the presence and extent or *
absence of contamination in soils around the site. The followmg information is taken from a report
entitled "Final Report, An Investlgatlon/of Soil Gases at Depths of 3 - 25 Feet at the BRRP [Survey

I]" and from another report entitled "Fmal Repbrt, A Soil Gas Survey at Depths of 3 and 20 Feetat.-. °

the BRRP [Survey IV]".

The results of all anaiyses from-Surveys I through IV aré shown in Appendix F and field locations.

-are, depicted- in Figure 4-16. Five background samples for these surveys were collected 150. feet

southwest of the site.
4.2.1 Results of Soil Gas Surveys I - Il -

Of the chlorinated hydrocarbons, only tetraehioroethylene, L,1,1-trichloroethane, trichloroethylene,
and trans l,2-dich}oroethylene e.re present'in -amounts exceeding the minimum detection. level.
Tetrachloroethylene and 1,1,1-trichloroethane are present in both trenches. Concentrations of both-
species are low: the highest observed concentration of tetrachloroethylene was 1;1‘7 ppbv at 3 feet in
the northern trench; the highest observed concentration of 1,1, I-trichloroethane was 164 ppbv in the

southern trench. It is noted that 1,1,1-trichloroethane was observed above the minimum detection

341
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level in virtually every sample while the occurrence of tetrachloroethylene was more restricted. It is
also noted that the-observed distribution of ‘tetrachloroethylene at 3 feet as compared to the deeper
samples is not highiy correlated. The compound"l 1,1-trichloroethane was monitored only in Survey
I which largely cons1sted of Geoprobe sites,  thus-a depth distribution companson is not possible for
this compound. * '
The compounds trichloroethylene and trans 1,2-dichloroethylene are found only in the southern
_ trench and largely in the eastern end of .that.trench. Their distribution at 3 feet and at depth are well
correlated, although the distribution of trans 1,2-dichloroethylene at depth is somewhat larger and at
higher concentrations than the distribution at 3 feet.- '

The aromatic hydrocarbons,. benzerne, toluene, ethylbenzene and xylenes are present in anomalous
amounts, particularly in the southern trench. These hydrocarbons could be due to the presence of
" gasoline or other light petroleum distillates as a part of the materials buried. In general, the observed

concentrations of aromatic hydrocarbons are much larger than the chlorinated hydrocarbons.

The saturated'hydrocarbons (C5-C10) are also found in anomalous concentrations particularly in the

southern trench. The distribution of pentane, - hexane, heptane and octane are for the Geoprobe sites
since these hydrocarbons were only measured in Survey II. The distributions of octane and heptane

" are very localized and well correlated; both are similar to the dlstnbutlon of the aromatics dlscussed

above.- The dlstnbutlon of hexane is also- 81m11ar howwever ‘small concentrations of hexane are

observed outside the localized area of octane and heptane contamination. The- distribution of:
pentane’is much more- general. It is probable that the observed distributions of hexane and pentane

-are comprised of two parts, the ﬁrst and most prominent results from hydrocarbon - fuel

contamlnatron in a restricted area of the eastern end of the southern trench. The second part results

from the natural background of these specxes in the Savannah River Site.area. In support of the

natural occurrence of hydrocarbons in. the Central Savannah River Area (CSRA), recent'
geochemical investigations conducted on the late Eocene Griffins Landing Member (GLM) of the

Dry Branch formation carbonate outcrop samples from Griffins Landmg, Georgia, detected the

presence of wet saturated hydrocarbons. When fractured, outcrop samples produced a
petrollferous odor (Richers. et -al,, 1994). Only- in ‘the cases of pentane and hexane do the

background concentrations exceed the minimum detection levels of the analytical methods.

Anomalous levels of the light hydrocarbons are clearly associated with_the observed aromatic

hydrocarbons in the southern trench. The presence of methane may be due to bacterial degradation-
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of buried rubble. There appears to be an inverse correlation between the distribution of ethane. and
the distribution of methane. This is due to the fact*that in the presence of very large methane
concentrations, ethane is not well. separated chromatographically and in these cases is not well

determined. The remaining light hydrocarbons, are obviously correlated to the contammatlon in the

eastern end of the southern trench, however these hydrocarbons are also mixtures related to the

contamination .and to the natural background .as dxscussed above for pentane and hexane. It may be .

that the highest concentrations of 'the\C2+ fraction are generated from the buried waste via microbial
degradation.

Finally, the mobile mercury found in soils at the BRRP are very low and probably reflect background -

levels only.

4.2.1.1 Summary . L . S

The aromatic hydrocarbons, BTEX, the saturated hydrocarbons, C5-C10, and selected éhlorinated

organic compounds were observed in anomalous concentrations in soil gases at the BRRP. The’

-aromatics and. contamination related saturated. VOC's were limited exclusively to the southern trench.

Tetrachloroethylene and 1,1,1-trichloroethane were found in both the southern and northern -

trenches, while trichloroethylene and trans 1,2-dichloroethylene were found- only in the southern

trench. Light hydrocarbons were found in anomalous amounts which were well correlated with the -

-saturated and aromatic .VOCs in the eastern end of the southern trench. Only background levels of-

mercury were found at the BRRP.
4.2.2 Results of Soil Gas Survey IV- -

In. Soil Gas Survey IV, the chlorinated hydrocarbons were found in trace amounts only.
Hydr'ocarbon‘ constituents, pentane and hexane, are clearly still associated with the area of the
southern trench observed in prior surveys to contain a complex array. of saturated -and aromatic
hydrocarbons. The aromatics and higlier saturates are not observed in this area in.this most recent
survey, although one benzene value was observed in the southwestern-area of the survey and several

o-xylene values were observed in the southeastern area of the survey. The o-xylene values are
associated with alpha-pinene peaks and may be derived from pine resin rather-than a hydrocarbon
fuel mixture.
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In particular, hydrocarbon constituents pentane and hexane are obsen_/ed' at most sites in the
extension of the survey to the southwest of the orange balls marking the presumed southwest extent
of the trench boundaries. Both pentane and hexane are found in higher concentrations in the 3 foot

sites in this area than in the 20 foot_ sites.

*The light hydrocarbons, although not, generally observed in high concentrations, have a distribution
similar to the hydrocarbon VOCs (methane and pentzinej. Location #188 (see Figure 4-16) on the

southeastern boundary was observed to-have .very high methane concentrations.

The distribution of mercury is suggestive of background concentrations in the Savannah River Site
area as determined in the recent background survey report entitled "An Investigation of Background
Soil Gas Concentrations at the Savannah River Site", June, 1993.

4.2.2.1 Summary

. The observed levels of most hydrocarbons and chlorinated hydrocarbons have decreased from

" previous soil gas surveys. The exceptions are pentane and hexane which are associated with areas

which have been found to contain complex mixtures of hydrocarbons, possibly petroleum derived -

fuels, in previous surveys.. These hydrocarbons are also found in the area to the southwest of ‘the

probable trench boundaries and are found in larger concentrations in the shallow samples. Light

hydrocarbons in general are similar in distribution to pentane and hexane. Background levels of soil-

mercury were found in all the surveys.

4.3  Fied Environmental Investigation Results

The following information presents results of dgta from the field .investi.gation.
4.3.1 Geology . ~ .. .

Regionally, the geology of the BRRP consists of approx1mately 195 feet of Early to dedle Eocene

" . to Late Eocene fluvial and marine deposmonal environments (shallow marme lagoons, bays, neritic

and mid-neritic, and fresh water/salt water interface sediments). A cross section utilizing the deep

monitoring wells BRR-8B, BRR-7BR, and BRR-6B and hydrocone (HC), piezocone (PC) numbers

6, 8, and 9 water level data is illustrated in Figure 4-17. This cross section illustrates the lithology
of the strata, the screened intervals within the Upper and Lower Three Runs Aquifer, the confining
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Table 4-1 Burma Road Rubble Pit Estimated Groundwater Levels from.Piezocone

Investigation (November 1993)

' Locagn I . ) Groundwater Depth Below Surface (feet)
e Y A )

CPT-1 79.5
CPT-2 81.5
CPR-3 83.0
CPT-4 74.4
CPT-5 72.9
CPT-6 69.0*
CPT-7 63.5
CPT-8 61.5
CPT-9 82.0

* Because of the need for a drill rig auger at location CPT-6, data collected regarding the estimated

.groundwater level is suspect.
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tributary to the Upper Three Runs Creek is located approximately 2,000 feet to the north. The BRRP
Site ground surface elevation is approximately 290 feet MSL. Surface runoff is northwestward

toward the tributary to the Upper Three Runs Creek.

Five monitoring wells were already in existence at the BRRP. Three three-well clusters were
installed at the BRRP during this investigation. The wells, existing and new, are screened in
different aquifers at the BRRP. The aquifers are the Water Table Aquifer which is located in the
Upper Zone of the Upper Three Runs Aquifer and the upper and lower portions. of the Lower
Zone of the Upper Three Runs Aquifer. Table 4-2 shows the groundwater elevations for the
different wells in the different aquifers.

The Upper Three Runs Aquifer is the shallow aquifer at the SRS. This aquifer is composed of

sediments from the Tobacco Road, Dry Branch, and McBean Formation. The sediments of the Upper

Three Runs Aquifer typically exhibit a wide variation in lithologic composition both vertically and
laterally. The BRRP wells installed at the site during 1993 - 1994 are screened in the Upper Three
Runs Creek Aquifer. The depth to water in the water table aquifer is approximately 61.0 feet to 83.0
feet below surface. Figure 4-19 shows the potentiometric surface of this aquifer based on da't.a

collected from the Piezocone investigation and data from new and existing wells.

The prevalent groundwater flow direction for the water table aquifer is toward the west with -

deflections of flow toward the southwest and northwest. Water table groundwater flow direction was
determined by using data from the piezocone, existing wells, and new well clusters BRR-6D, BRR-7D,

and BRR-8D. These new monitoring wells were installed above the Tan Clay confining unit.

Water level data for the upper and.lower portions of the Lower Zone of the Upper Three Runs
Aquifer are depicted on Figures 4-20 and 4-21. Figures 4-20 and 4-21 show the potentiometric
surfaces of the upper and lower portions of the Lower Zone of the Upper Three Runs Aquifer
based on the data collected from the recently installed wells (BRR 6, 7, and 8). These elevations
generally demonstrate a similar flow direction (westerly) to the water table aquifer with a less
steep gradient. These maps, Figure 4-20 and 4-21, have been constructed using only three points

of control and as such depict the specific flow direction and magnitude only in the immediate area
of the BRRP,

Slug tests were performed in each of the nine monitoring wells to provideAan estimate of hydraulic

conductivity for the screened portions of the aquifer. Hydraulic conductivity test were performed on
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Table 4-2 Burma Road Rubble Pit Groundwater Elevations

ﬁ Aquifera % Well Number? % Elevation (feet)b
D BRR-1D 2177
"D BRR-2D 216.27
D BRR-3D . 215.93
D BRR-4D 215.6
D BRR-5D 215.15
D BRR-6D 219.27
D BRR-7D , 218.22
D BRR-8DR 215.58
C BRR-6C 211.85
C BRR-7C 210.32
C BRR-8C 209.05
B BRR-6B 207.49
B BRR-7BR 206.05
B BRR-8B 204.68

a- "D" wells are screened in the Water Table Aquifer, Upper Zone of the Upper Three Runs Aquifer
"C" wells are screened in the upper portion of the Lower Zone of the Upper Three Runs Aquifer

"D" wells are screened in the lower portion of the Lower Zone of the Upper Three Runs Aquifer

b - The information was acquired during Second Quarter 1994 (04/17/94 & 04/18/94)
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all nine monitoring wells. The hydraulic conductivity for the shallow "D" wells ranged from 7.2 x
10-3 ft/min (BRR-8D) to 1.94 x 105 ft/min (BRR-7D). The hydraulic conductivity for the

intermediate "C" wells ranged from 7.40 x 105 f/min (BRR-7C) to 1.54 x 10-4 ft/min (BRR-6C) and
2.53 x 104 ft/min (BRR-8C). The hydraulic conductivity for the deep "B" wells ranged from 1.24 x
10-4 ft/min (BRR-6B), 2.54 x 10-4 ft/min (BRR-7B) to 1.72 x 103 ftmin (BRR-8B). Freeze and
Cherry (1979) indicate that the hydraulic conductivity ranges of the monitoring wells equal those of

a silty sand or a silt/loess. .
4.3.3 Cone Penetrometer

A piezocone and hydrocone investigation was conducted at the BRRP Site. The objectives of the
cone penetrometer investigatfon were to characterize the subsurface lithology, to collect groundwater
samples using a direct push technology, and to provide water table elevation data to aid in the

location of a downgradient well cluster.

Nine piezocone soundings (PC-1 through PC-9) were performed to depths ranging from 61 feet to

97 feet below grade. The location of these soundings are shown in Figure 4-22.

A general discussion of the piezocone logs and the interpretation of these logs follows. The
sounding of the logs and the soil classifications for each piezocone location are presented in
Appendix G. Graphs are referenced from left to right with the graph to the extreme left being
number one. The first two graphs labeled "Point" present the resistance to penetration of the point as
the instrument is advanced into the soil. This value is uséd to determine both soil type (when
compared with local'friction) and soil strength. Note the first two graphs are the same with the

exception of the plotting scale.

The third graph labeled "Sleeve" displays the sliding friction between the soil and the sleeve. This
value is used in ratio with the point stress (location friction/point%iresses) to produce the fifth graph
"Friction Ratio"”. This ratio is the major indicator of soil type. As the friction ratio rises, the soil

changes from a coarse grained material and sand to fine grained silts and clays.

The fourth graph labeled "Pore Water" presents the measured pore pressures as the piezocone is
advanced. There are two components of this measurement. The first is the total hydrostatic pressure
which starts at the groundwater surface and rises as the instrument is advanced. The second is the

pore pressure generated as the soil mass deforms due to the complex shearing processes produced
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during the dynamic testing. The total pore pressures are the sum of the components. When
penetration is halted, the generated pore pressure will dissipate or "decay” back to static equilibrium.
This pore pressure decay, when taken as a function of time, has been shown to be proportional to the
coefficient of consolidation and thus soil permeability. Following full dissipation of excess pore
pressures, a static value will be reached which represents the static piezometric .pressure at that depth.
Multi-color plots of the pore pressure decay as a function of time can also be generated and be used
in estimating groundwater levels. The sixth graph labeled "A Factor" is the ratio of generated pore
pressure (hydrostatic subtracted) to point stress (excess pore pressure/point stress). This ratio presents
the amount of pore pressure generated relative to the total point stress generated. In general,

increases in this parameter indicates soils that are finer grained and more poorly drained.

These soundings generally indicated that the soils surrounding the BRRP Site are mostly fine sand

and silty fine sand with occasional lenses of clayey sands and cemented sands.

4.3.4 Hydrocone Results

Five hydrocone groundwater samples (HC-5 through HC-9) were collected from the top of the water
table aquifer. These samples were collected at depths ranging from 67 feet to 87 feet. Due to the -
volume of groundwater required to fill the sample containers (4.5 liters), it was necesséry to push the
hydrocone to the prescribed sampling depth four times at each location. An estimated K-value was
determined each time the Hydrocone sampler was filled. At location CPT-6, data for only the first
trip down the hole could be collected and only one K-value plot could be generated; however, the
K-value derived from this plot is suspect. Plots of the collected Hydrocone data are presented in
Appendix H. Each Hydrocone plot consists of three graphs and an estimated hydraulic conductivity.
A description of these graphs and what they represent as well as an explanation of how the hydraulic

conductivity is calculated is presented below.

The upper left graph presents the volume of water in the GS-1 as-a function of time on an arithmetic
scale. This graph shows the filling sequence, the full sampler being retrieved to the surface, and the

water sample being decanted from the sampler to the sample vials.

- The lower graph shows the argon gas pressure, converted to feet of water, within the GS-1 as a

function of time. The graph illustrates the initial application of high gas pressure needed to open the

telescopic tip, the venting of the gas pressure to a level below that of natural hydrostatic pressure

while the sample fills, the raising of the gas pressure to a level greater than hydrostatic to stop the.
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in-flow of water and allow for the retrieval of the samples and the venting of the gas pressure to allow

for decanting of the sample.

The upper right graph also presents the volume of water in the GS-1 as a function of time, but on a
semi-log scale. This graph is used to determine the time parameters for-estimating the soil's
horizontal permeability. By observing this graph, the computer operator will choose the upper and
lower time parameters based on the straight line portion of the rate of filling curve. The computer
operator will then. input these points. The computer will apply these data points to standard rate of
rising slug test model (Bouwer and Rice, 1976) to determine the soil's hofizontal permeability. The

actual formula used reduces to:

= [(3.14 r2h)A_P] * {1/(Tg - To)*60]*Log[ABS(Y o/Yg)]

Where: AP = a correction factor based on the ratio of effective radial distance over
which the head difference Y is dissipated and the radial distance

between the screen center and the undisturbed aquifer.

T = Time Final

To = Time Initial

Y = . Head Difference _

Yr = Y at Tt (taking into account any argon back pressure)
Yo = Y at T, (taking into account any argon back pressure)

The following Table 4-3 summarizes the estimated hydraulic conductivities determined at each

hydrocone location.

4.3.4.1 Unusual and Nonspecification Activities

The piezocone soundings at two locations, PC-1 and PC-6, were not able to penetrate a layer of
cemented sands encountered in the subsurface. In these two instances, an augering system was
utilized to open a pilot hole through the cemented areas and then pushing with the piezocone was
continued. This method was successful at location PC-1. However, at location PC-6, the augers were
lost in the hole and could not be retrieved. The coordinates of the borehole containing the augers
were determined by land survey and the location was marked with a wooden stake. A drill rig was
used to open a pilot hole. '
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Table 4-3 Burma Road Rubble Pit Estimated K-Values from Hydrocone
Investigation (November 1993) '

Location

CPT-5

CPT-6*
CPT-7

CPT-8

CPT-9

Depth K-Value . Average K Sample
(feet) (cm/sec) (cm/sec) Number
84 7.469479E-04 6.31E4 HC-5
84 7.431055E-04 HC-5A
84 4.021419E-04 HC-5B
-84 6.70625E-04 HC-5C
70 3.017088E-03 3.02E-3 HC-6
- 67 1.638835E-03 3.27E-3 HC-7
67 2.444732E-03 - HC-TA
67 3.430727E-03 HC-7B
67 3.630977E-03 _ HC—7C=.

67 3.928688E-03 7.69E-3 HC-8

67 8.654999E-03 HC-8A
67 5.593407E-03 HC-8B
67 1.074239E-02 HC-8C
87 5.750754E-03 6.76E-3 HC-9

87 5.750754E-03 HC-9A .
87 7.759688E-03 HC-9B
87 7.759688E-03 HC-9C

* Because of the need for a drill rig auger at location CPT-6, data collected regarding the estimated

groundwater level is suspect.
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CPT-5 was moved from location shown in RFI/RI Work Plan (with approval from SCDHEC) because
the geophysical data showed original location to be within the pit boundaries.

The rate at which the Hydrocone filled at location CPT-6 was collected for the first trip down the
hole, and therefore, ornly one K-value plot was generated; however, the K-value derived from this plot
is suspect. An explanation of the sample collection procedures that occurred at CPT-6 is provided

below.

The hollow stem augers use to pre-drill the hole were advanced to a depth of approximately 70 - 71
feet. The Hydrocone was advanced inside the augers to a depth of 68.5 feet. the Hydrocone was
pushed into soils which had entered the augers. These soils compacted and made pushing difficuit.
On the first sampling attempt, water rushed into the Hydrocone and shorted the electronic circuits.
The K-value obtained from this attempt is suspect because the Hydrocone was insidé the augers and
the soils around the Hydrocone were not characteristic of the conditions in the undisturbed aquifer. °
On subsequent attempts, the remaining water needed for analysis was collected using the Hydrocone
with the argon pressure to open the tip and to seal it as the water sample was retrieved; however, the

electronics were not operable and a K-value.could not be obtained.

4.3.5 Soil Sampling

Soil sampling was completed in five stages. Surface and subsurface soil sampling began on
December 15, 1993 and was completed on January 11, 1994. Surface and subsurface soil sampling
was conducted in the areas of suspected contamination (i.e., the borings were located in areas where a
soil gas anomaly was detected or adjacent to potential underground objects and/or areas of high metal
concentrations as indicated by anomalies in the GPR, EM, or magnetometer surveys). Background
soil samples were collected on January 17 and 18, 1994. The purpose of the background samples
was to gather data for statistical and comparative analyses against samples collected in the areas
suspected of containing hazardous waste. During December 13, 15, and 16, 1993, two boreholes
were drilled adjacent to the rubble pits to obtain geotechnical data for engineering assessment and
design. These data will be useful in remediation planning for the unit, if necessary. On February 22,
1994, two surface water samples and one sediment sample were collected from a pond in the borrow
pit adjacent to the .BRRP Site. These samples were collected to determine if the BRRP Site has
impacted the quality of the water and sediment in the adjacent borrow pit. Surface runoff soil

(sediment) samples were collected on December 28, 1993. The results will be used to determine if
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runoff from the unit has carried contamination to off site areas. The following illustrates the number

of samples collected during each stage.

. ~ Soil Sampling BRRP 1 through BRRP 17
. Subsurface and Surface
Background Samples ] BRS-1 (BR-03-01), BRS-4 (BR-02-01), BRS-5

(BR-01-01), SBK-2 (BR-08-01), BR-07-01
(surface), SBK-1 (BR-04-01) (subsurface)

. Surface Runoff Sediment Samples BRR-5 (BR-05-01), BRR-6 (BR-06-01)
. Geotechnical Borings BRS-6, BRS-2

In-pit boring locations are illustrated in Figure 4-23; out-of-pit surface, subsurface, and background
sampling locations are illustrated in Figure 4-24; surface water, sediment, and surface run-off

sampling locations are illustrated in Figure 4-25; and geotechnical boring locations are illustrated in
Figure 4-26.

The seventeen soil borings were located utilizing data obtained frome geotechnical investigative
devices and the soil gas survey results. The contents of the pits and anomalous OVA readings
were noted as drilling/augering proceeded through the pit and only inért material (i.e., wood,
trash, wire, metal, bottles, concrete, gravel, etc.) was encountered. A detailed description of the

characterization of the source material is located in Section 4.4.

4.3.5.1 Unusual and Nonspecification Activities

The headspace procedure used during this project contained a-slight deviation from WSRC 3Q5.
WSRC 3Q5 indicates that the sample should be placed in a plastic bag, not a glass jar. Field
experience has demonstrated that an empty plastic bag can give a reading as high an 10 ppm on the
OVA,, thus, after consultation and agfeement from the Subcontract Technical Representative (STR)
a glass jar was utilized instead of a plastic bag. The use of a glass jar, instead of a plastic bag,
ensures that the values obtained in this investigation are valid screening data. The glass jar

accomodates environmental factors (i.e., wind, rain, etc.) as well as eliminating inherent organic
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compounds contained in plastic bags that may provide a false positive reading by the screening

tool.

During the in-pit boring investigation at location BRRP-3, metal and wood objects were encountered
at 8 to 9 feet below the surface during the first attempt. This is consistent with the geophysical data,
which showed a large amount of buried metal material at this location. The drill rig was then moved
to a location three feet west of the original location and again met refusal at 9 to 10 feet below
surface. The drill rig was moved five feet east of the original point and was able to reach the required

depth at this location. -

The OVA detected high concentrations of volatile organics (500 ppm) at the surface of the drill hole
while auguring BRRP-4 _at a depth of 14 to 16 feet. Aluminum strips, wiring, wood, plastic and
bottles were found in the pit at this location. The next two sample intervals were screened and

determined to be clean.

At location BRRP-11, removal of the head from the split spoon collected at 20 to 22 feet could not be

achieved. The sample was collected with a spoon from the downhole end of the split spoon.

At location BRRP-12, the pit was encountered at approximately three feet. Pieces of wood were

detected in the drill cuttings and a turpentine-like odor was detected. At the top of the drilling
augers, the OVA detected as much as 600 ppm of volatile organic. These volatiles were allowed to

dissipate for approximately 10 minutes before the area was resurveyed with an OVA and drilling was

resumed.

At location BRRP-15 at a depth of 6 feet, the OVA detected volatile organics at around 250 ppm.
Refusal was encountered 12 feet and the location was moved 2 feet to the southeast. At this location
wires were encountered and a sample could not be taken. Relocation 15 feet north of the original
location was required and again the augers met refusal. The boring was relocated about 10 feet

southeast of the last site and a sample was collected.

During the geotechnical boring investigation, poor recovery was experienced for the 0-2 foot and 5-7
foot split spoons collected on December 13, 1993 at location BRS-6. On December 15, 1993 the rig
was moved 10 feet south of BRS-6 and replacement samples were collected for the 0-2 foot and 5-7

foot depths. This new location was identified as BRS-6A. The 0-2 foot sample again had poor

4-83



Final RFI/RI Report for the : ~ WSRC-RP-94-1217, Rev. 1
the Burma Road Rubble Pit July 1995

recovery so the initial sample was retained. The 5-7 foot sample collected at location BRS-6A and

was retained for analysis.

The surface water and sediment samples collected on February 22, 1994 were not specified in the
Work Plan (WSRC, 1993). The collection of these samples was requested by the WSRC STR in order

to address concerns over data sufficiency for the BRA.

The sample identification numbers used for the survey and the identification numbers assigned to
each sampling location on the chain-of-custody forms were different at many location. The sample
identification numbers used in the field notes are the numbers identified on the chain-of-custody

forms.
4.3.6 Groundwater Well Installations

Groundwater well installation began on November 4, 1993 and was completed on March 2, 1994. A
total of nine wells were installed in three well clusters (See Figure 4-27 for monitoring well
locations). Well cluster BRR-7 was installed first, well cluster BRR-6 was installed 'second, and well
cluster BRR-8 was installed last. The BRR-8 well cluster was installed last because its location wés :
based upon the results of the piezocone investigation to ensure that this well cluster was installed

downgradient of the rubble pits.

All nine monitoring wells were installed at varying depths. They are as follows:

. Water Table Wells - Installed just

above the Tan Clay Confining Zone 6D, 7D, 8D
. Upper Portion of the "Lower" Agquifer

Zone -The Upper Three Runs Aquifer 6C, 7C, 8C
. Lower Portion of the "Lower" Aquifer .

Zone - The Upper Three Runs Aquifer » 6B, 7B, 8B

Well BRR-7B was replaced after the initial well collapsed (see note in Appendix C). In addition,
monitoring well BRR-8D was replaced. after the initial well collapsed due to a collapsed screen (see
the Abandonment Record located in Appendix C). Although, there is no certain way of knowing, it
is assumed that one of the following two things occurred to cause this collapse: 1) the improper

placement of the filter pack allowed the above layer of grouting to seep through the filter pack and
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into the screen or 2) an imperfection in the casing allowed infiltration of grout into the well.
Although there is no foglproof way of avoiding these problems, common practice is to more
frequently inspect the filter pack during installation of the replacement wells. This practice was
followed at the BRRP during installation of the replacement wells for BRR-8D and BRR-7B.

The deepest boring in each well cluster was continuously cored and geophysically logged. Upon
completion of the geophysical logging (Caliper, natural gamma, spontaneous potential, single point
resistance, and long and short normal resistivity), lithologic and geophysical information were used to

select optimum well screen intervals for individual wells in each cluster.

The following sections discuss the specifics of each well type. Tables 4-4 and 4-5 provide
information on the wells installed during this field investigation. The wells were installed in
accordance with WSRC 3Q5 which states that the bentonite seal shall have a minimum thickness of

4 feet. The thickness of the bentonite seal, filter pack, and fine sand seal is often varied in order to

ensure a good seal with a local confining unit to minimize the potential for cross contamination

between the aquifers. _ .
Groundwater flow direction was determined during the field investigation from piezocone data and
from water level measurements taken in the existing wells. The new groundwater elévation data

obtained from well BRR-8D altered the apparent groundwater flow direction as illustrated in Figure

4-19.

4.3.7 Slug Testing

WSRC performed rising head and falling head borehole permeability tests (slug test) in all nine
monitoring wells. These tests provide estimates of the hydraulic conductivity of the aquifer around
the screened zone of the well. The tests are also useful in determining if the wells have been properly

developed.

The Bouwer and Rice Method (Bouwer, 1976) was used to analyze field data collected from

performing slug tests in unconfined aquifers (water table) and confined aquifers. Theoretically, the

slug test applies to aquifers where the upper boundary is unconfined; however, the method should

also be applicable to situations where the upper boundary of the aquifer is an impermeable or semi-
permeable upper confining layer (Bouwer, 1989). Bouwer indicates that the slug test should provide

reasonable values for K-values in a confined, semi-confined, or stratified aquifer. Bouwer further
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Table 4-5 Monitoring Well Seals for B, C, and D Wells
Well Number Feet of Filter Pack Feet of Fine Feet of
Above Top of Screen Sand Seal Bentonite Seal
BRR-6D 4.7 5.4 ‘ 8.5
BRR-7D 3.1 1.8 3.7
BRR-8DR 6.26 3.2 5.5
BRR-6B 3.2 1.8 9.5
BRR-7BR 4 0 5.8
BRR-8B 3.1 2.7 6.2
BRR-6C 2.1 1.6 6.8
BRR-7C 6.6 2.6 . 4.2
BRR-8C 2 4.6 6.4
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indicates that "Theoretically, the larger the distance between the top of the screened or open section
of the well and the uéper confining layer, the more accurate the resulting values of K will be. In
actuality, however, source boundaries of groundwater flowing into the well in response to lowering
the water level are hard to define because of elastic deformation of aquifer material and confining
layers." (Bouwer, 1989).

The slug test is based on tl;e addition or removal of a slug. The former is known as a falling head test;
the latter is a rising head test. If the equilibrium water level in the well is below the top of the screen -
as is.the case in each of the D wells - the data collected from a falling head test tends to overestimate
the hydraulic conductivity of the aquifer.- This overestimation is caused by water flowing into the
aquifer through the unsaturated vadose zone above the water table. For this reason, the data collected
from the falling head tests for the D well may be suspect and our discussion will focus on the rising
head tests. However, the data collected from wells BRR-8B and BRR-6D are from falling head tests.
Field experience had demonstrated this data to be identical to the rising head data. The results from

BRR-8D are suspect due to the lack of water in the well.

The data collected from the slug test are shown in Appendix I. Most of these curves exhibit a straight
line section followed by a section which curves away from the straight line. The curved portion of
the plot at late times should be ignored as it reflects drawdown effects of the water table surrounding

the well. Slug test hydraulic conductivity values are presented in Table 4-6.
4.4 Source Characterization

Three geophysical techniques were used at the BRRP to determjne the subsurface characteristics of
the area: (1) electromagnetic (EM) survey, (2) magnetic survey, and (3) ground penetrating
radar (GPR). The objectives of each of these techniques are notes in Section 3. In addition to
these, four separate soil gas surveys were completed at the BRRP. In all the soil gas surveys, the
light hydrocarbons (C1-C4), gasoline range aromatic hydrocarbons (benzene, toluene,
ethylbenzene, and xylene (BTEX)), selected chlorinated organics, and mercury were monitored.
Seventeen soil borings were performed in the BRRP. The boring locations were chosen after
reviewing results from the various geotechnical investigative devices and soil gas survey results.
In general, the borings were located in areas adjacent to potential underground objects/areas of
high metal concentration indicated by anomalies in the GPR, EM, or magnetometer surveys,

and/or areas where a soil gas anomaly was detected. In each of the borings, the first of the split

spoon samples was collected from the 0.0 to 2.0 feet interval. The top of the pit and the base of the
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Table 4-6 Summary of Hydraulic Conductivity Values Obtained from Slug Tests

Well Number/Slug Test Type I Hydraulic Conductivity (ft/min)

BRR-6B 1.24E-4
BRR-6C 1.54E-4
BRR-6D 3.25E-4
BRR-7B . 2.38E-4
BRR-7C 7.40E-5
BRR-7D 1.94E-5
BRR-8B 1.72E-3
BRR-8C 2.53E-4°
‘BRR-8D 7.24E-3
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pit were detected from disturbed soil or encountering anomalous material. OVA readings were
taken continuously while drilling/augering. The second sample for laboratory analysis was
collected from the base of the pit to two feet below the base of the pit. The contents of the pit were
noted and OVA readings were taken in the breathing zone. The information obtained was noted
in the field notes and the lithology of the samples and pit contents noted on the soil boring log,
These data (field notes and soil boring logs) are located in Appendix K. Anomalous OVA

readings, the depth where the readings were taken and contents of the pit, where encountered, at

each soil boring location are noted in Table 4.7,

Two cross sections (Figures 4-28 and 4-29) depicting the contents of the pit were constructed.
These cross sections extend from west to east across each of the pits. Data from all the soil borings
were included in these cross sections. Cross section A-A' (Figure 4-28) traverses the northerly of
the two pits. The OVA readit;gs and descriptions of the material encountered are noted on the
cross section. Only inert material was encountered in the drilling of the soil borings noted in this
cross section. Cross section B-B' (Figure 4-29) traverses the more southerly of the two pits. As
with the other cross section, the OVA readings and descriptions of the material encountered are

noted on the cross section. Only inert material was encountered in the drilling of the soil borings.

At soil boring BRRP-12, the smell of turpentine was noted and an OVA reading of ~600 ppm in
the hole at approximately 3 feet below land surface, near the top of pit, was noted. Turpentine is a
naturally occurring degradation product of pine wood. No liquid, sludge, or containers (i.e.,
dl:ums, etc.) were noted; and, the OVA registered a 10 ppm reading from a piece of wood taken
from the auger at the same depth. The contents noted on the other borings include wood, trash,
lead wire, copper wire, metal, bottles, plastic, aluminum, rubble, foam, 1/2 inch cable, concrete,

gravel, and disturbed soil.

Two borings encountered impenetrable material/drilling refusal and had to be moved to achieve
appropriate sample depth intervals. BRRP-3 was relocated three feet to the west from its original
location because of drilling refusal at 8 to 9 feet below land surface. This bormg also encountered
drilling refusal at approximately 9 feet below land surface. The boring was moved to a location 5
feet east of the ongmal hole and was able to auger to the desired depth of investigation. BRRP-15
also encountered drilling/augering problems of a similar nature. At the original location, a
sample was attempted at the 10 to 12 feet depth, but was unable to obtain a sample. The location
was moved two feet in a westerly direction and encountered the same problem at approximately

10 feet below land surface. Lead wire was caught in the augers. The hole was moved 15 feet
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north of the original location and the augers could not auger past 10.5 feet. The location was

moved 10 feet in a southerly direction and was able to auger to the required depths and obtain the
desired samples. All final locations were surveyed and these points are noted in Figure 4-23.

Actual contents of the pits were not sent for laboratory analysis. All the contents encountered were
inert. Laboratory amalysis of the inert material encountered in the pits would provide
questionable, biased, or limited valuable data with respect to contaminant release to the
environment. Soils both above and below the pits were sampled and analysis was performed. The
Baseline Risk Assessment utilized these data in its analysis of risk. '

Historical practices and pictures of the BRRP support the contention that inert construction
material was placed in the pits. The results from a total of two hundred twenty-six (226) soil gas
survey points and three geophysical techniques were utilized in biasing the position' of the seventeen
soil borings in areas where anomalies occurred. This was to target areas of highest potential for
contamination. Continuous OVA readings were taken during drilling operations. The contents of
the pit were noted, when encountered. Only inert material was found. At no time while
drilling/augering was rod drop or any other indication of drilling into a drum, sludge, liquid, or
other contaminated material experienced. Cross sections depicting the contents of the pit ha;re ;

been constructed and are included.
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5.0 NATURE AND EXTENT OF CONTAMINATION
5.1 Introduction

This chapter discusses the results of the RFI/RI investigation to characterize the nature and extent of

. contamination ‘at the BRRP. The following sections are organized by media (soil; sediment and surface

- water, and groundwater) and by contaminant type (metals, volatile organic compounds, semi-volatile
organic compounds, radionuclides, Toxicity Characteristic Leaching Procedure (TCLP) contaminants,
and pesticides, PCBs and dioxin/furans). Background concentrations and regulatory guidance levels for

the media are provided in Section 5.2.
5.2 Regulatory Guidance and Background Concentrations
5.2.1 Soils

The soils sampled at the BRRP are considered Udorthents. Udorthents are so extensively graded,
exposed, transported, mixed, and compacted during earth moving and construction, that they cannot be
assigned to a particular soil series with a high level of confidence. The soils typically lack the horizons
and soil structures that characterize mature soils. They are generally more friable, but may be firmer due .
t6 compaction than in situ soils. Organic matter and other plant nutrients are usually low in these soils
due to stripping and mixing, and extreme variations may occur laterally within very small distances. The
soil pH may be low, and perfneability is low to moderate. Udorthents still bear strong similarities to their _
parent soils with regard to the following parameters: general chemistry, relative elemental abundance,

grain size, and texture.

The locations of background soil samples are indicated in Figure 5-1. Four background subsurface
samples (BR-01-01, BR-02-01, BR-03-01, and BR-04-01) were taken from a depth of 10 - 12 feet. Two

background surface samples (BR-07-01 and BR-08-01) were taken from a depth of 0 - 2 feet.

Background concentrations and.regulatory gliidance levels are given only for those contaminants detected
at the BRRP. Appendix J contains laboratory analytical resuits for the soil samples.

The background samples were located in areas that were away from GPR Zones 1, 2, and 3 and
were outside of the so&l -gas anomalies. The background subsurface samples (BR-01-01, BR-02-01,
BR-03-01, and BR-04-01) were drilled to a depth that corresponded stratigraphically to the base of
the BRRP waste unit (i.e., 10 to 12 feet below the ground surface). The background
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surface samples (BR-07-01 and BR-08-01) were located upgradient and at a great distance from the
BRRP waste unit. The background levels were established based upon the analysis of the
background samples.

Enforceable regulatory standards have not been promulgated for soil contamination. Analyte
concentrations detected in soil samples collected on site were first compared to two timeés unit-
specific background concentrations (i.e., criterion background concentration (CBC)) to evaluate
site contamination. If the soil sample analyte concentration was less than or equal to the CBC, then
the analyte was screened out as a site contaminant. If the contaminant was not detected in the
background samples or 'was above the CBC, then analyte concentrations were c;)mpared to U.S.
. EPA Region III residential risk-based concentration (RBC) levels (Smith, 1995) for site
contamination evaluation. Volatile organic compounds were only compared to RBC levels; they
were not compared to unit-specific background concentrations. The RBC levels correspond with
"fixed levels of risk" for various sampling matrices. Region I toxicologists have used the RBCs as
screening and validation tools during risk assessment studies and reviews (Smith, 1995). The
SCDHEC typically compares soil concentrations to background or site-specific risk cleanup goals
which consider human health for site remediation.

5.2.1.1 Metals

- Table 5-1 summarizes surface (0-2 feet) site-specific background concentrations for metals detected
at the BRRP (BR-07-01, and BR-08-01). Table 5-2 summarizes subsurface (10 - 12 feet) site-specific .
background concentrations for metals detected at the BRRP (BR-01-01, BR-02-01, BR-03-01, and
BR-04-01). Table 5-3 displays the residential RBC levels for metals detected at the BRRP waste

unit.

5.2.1.2 Semi-Volatile Organic Compounds

Table 5-4 summarizes surface (0-2 feet) site-specific background concentrations for semi-volatile
organic compounds detected at the BRRP. Table 5-5 summarizes subsurface (10-12 feet) site-specific
background ccncentrations for semi-volatile organic compbunds. Table 5-6 displays the residential
RBC levels for semi-volatile contaminants detected on site.
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Table 5-1 Surfgce (0-2 feet) Background Analyte Concentrations - Target Analyte List (TAL)
- Constituents . .
TAL Frequency Surface Site-Specific Avg. Background | Criterion Background
Constituents | of Detection Background Conc.(mg/kg)| Conc. (mg/kg) Conc. (mg/kg)
”Aluminum 3410 11900
i Antimony on 101w | 2130 ND ND 1
Il Arsenic 02 153 U 170 U ND ND %
Barium 22 42.4 975 69.95 139.9
Beryllium 22 0.17) 0.385J 0.278 .0.555 I
Cadmium 02 |.0200U | o0223U ND ND |
Calcium 22 137 730 433.5 867 ,
Chromium 2/2 3.65 10.6 7.13 14.25 7
Cobalt 212 0.558 J 1.88 J 1.22 2.44 H
Copper 272 1.16 J 4.11 2.64 5.27 —"
Cyanide 20 01165 | 02567 0.186 0372 |
Iron 22 2180 7020 4600 9200- j”
Lead 2/2 4.211) - 14.1 9.16 18.31
Magnesium 22 61.4 295 178.2 356.4 ]l
Manganese 22 132 ) 437 ] 284.5 569 ‘"
Mercury 22 0.0306 J 0.0862 J 0.0584 0.1168 i"
Nickel 2/2. 0.786 J 3.07 1.93 3.86
Potassium 27 4133 184 J 112.7 225.3 |
Selenium 112 3.17U0 3510 ND ND j’
{ Silver 012 0.283 U 0314 U ND ND
Sodium 112 8.76 U 122 ] £.29 16.58
Vanadium 212 6.1 19.9 13 26
Zinc 22 2.29 ) 106 J 6.45 12.89 "

Criterion background concentration equals two times the average background concentration.
J - Estimate quantity
ND - Not Determined (analyte concentrations were below sample quantification limit)
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Table 5-2 Subsurface (10-12 feet) Background Analyte Concentrations - TAL Constituents

TAL Frequency | Subsurface Site-Spe&ﬁc Avg. Background | Criterion Background
Constituents | of Detection Backgrounﬂ Conc.(mg/kg) | Conc. (mg/kg) Conc. (mg/kg)
’ au Minimum Maximum
Aluminum 4/4 2980 5100
| Antimony 0/4 190U 2.06 UJ
Arsenic 4/4 12.42] 406 J
Barium 414 1.90 J 7223
Beryllium 4/4 0.0583 J 0.0842 J 0.0649 0.1298 WI
Cadmium 0/4 0.200 U 0.216 U ND ND 4’
Calcium 4/4 9.02 J 44.7 25.3 50.6 1
Chromium . 4/4 6.96 13.4 9.86 19.72 1]
Cobalt 4/4 0.244 3 0.663 J 0.417 0.834 |
Copper 4/4 243] 5.38 4.21 8.42 "
Cyanide 4/4 0.0575 J 0.0977 J 0.0763 . 0.1526 "
Iron 414 4320 10800 7875 15750 . |
Lead 4/4 2823 6.64 4.69 9.38 %l
Magnesium |  4/4 13.8 42.8 28.1 56.2
Manganese 4/4 544) 13.11 9.72 19.44 '
Mercury 1/4 0.0183 U | 00207 U 0.012 0.024
Nickel 4/4 0.539 J 1.66 J 0.896 1.79
Potassium 1/4 - 310U 35413 20.7 41.4 "
Selenium 0/4 314U 3.40 U ND ND jl
Silver 0/4° 0.280 U 0.304 U ND ND "
Sodium 0/4 868U -| 942U ND ND |
Vanadium 4/4 23.7 40.9 311 62.1 |
Zinc 4/4 1345 | 398 | 2.45 4.90 __Il

Criterion background concentration equals two times the average background concentration.

J - Estimate quantity

ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not dgtected; sample result below quantification limit
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Table 5-3 Residential Risk-Based Concentration (RBC) Levels - TAL Constituents

n - Noncarcinogenic value that will be achieve a hazard of 1.0
¢ - Carcinogenic effect or a value that will achieve a 1.0E-06 risk

TAL Constituents
Aluminum

RBC Level (mg/kg)

NR - No regulatory level has been set

23000n

-

78000n
lbntimony 31n
"érsenic 23n/0.37c ]’
: Ilgdﬁum 5500n
[beryllium 0.15¢ ]’
ILCadmium 39n ],
lklalcium NR
Chromium 390n (VD
Cobalt 4700n 4t
Copper 2900n
"Eyanide 1600n "
lhron : NR "
‘gad NR
Magnesium NR
Manganese 390n
H Mercury 23n (inorganic)
” Nickel 1600n
Ikotassium NR
Il setenium 390n I
Silver 390n 1
Sodium NR
" Vanadium 550n
|zine_
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Table 5-4 Surface (0-2 feet) Background Analyte Concentrations - Semi-Volatile Organics

2

Semi-Volatile Constituents Frequency Surface Site-Specific Avg. .| Criterion
of Detection Background Conc. Background | Background
(ug/kg) - Conc. Conc.
(ug/kg) (ug/ke)

I Minimum | Maximum
ul,B-Dichlorobenzene 072 103U 1.13 U . ND - ND
1,4-Dichlorobenzene 0r2 559 U 6.16 U ND ND
ll2-Chiorophenol 0o 26101 | 681U ND ND
2-Methylnapthalene 072 1.54 U 1.69 U ND ND
Acenaphthene ' 072 1.62 U 1.78 U ND - ND .
Anthracene 02 0432 U 0476 U ND ND
Benzo(a)anthracene - 072 130U 143 U ND ND 1
Benzo(a)pyrene 0/2 1.09 U 1.20 U ND ND ﬁ‘
Benzo(b)fluoranthene 11 1.03 U 7.21 3.86 173
Benzo(g,h,i)perylene 02 0432 U 0476 U ND - ND N
Benzo(k)fluoranthene or 1.09U 120U ND ND’
Benzoic Acid 12 465U 538 270.2 540.3
Bis(2-ethylhexyl)phthalate 0n 145U 264 U ND ND ||
Butylbenzyl phthalate 0/2 1.32 UJ 145 UJ ND ND "
Chrysene - 0/2 0.788 U 0.869 U ND ND "
Di-n-Butyl_phthalate 02 156 U 200 U ND ND ||
Di-n-Octyl phthalate 012 . 228U 2.52 U ND ND jl
Dibenzofuran . 0/2 145U 1.60 U ND ND. "
Fluoranthene 172 0.611 U 5.617J 2.96 5.92 WI
Fluorene 02 139 U 153.0 |~ ND ND |

Criterion background éonccntration equals two times the average background concentration.
J - Estimate quantity
ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected; sample result below quantification limit
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Table 5-4 Surface (0-2 feet) Background Analyte Concentrations - Semi-Volatile Organics
(continued)
Semi-Volatile Constituents Frequency Surface Site-Specific Avg. Criterion
of Detection Background Conc. Background | Background
(ug/kg) Conc. Conc.
(ug/kg) (ug/kg)
Indeno(1,2,3-cd)pyrene 02 0.898 U 0.990 U ND .ND
"ﬁapthalene 072 1.54 U 1.69 U ND ND
"Pentachlorophenol 172 12.7 ] 13.70 9.78 19.55
,h’henanthrene 172 0.611 U 441 2.36 4.72 '
Pyrene 5.81] 8013 1 601 13.82

Criterion background concentration equals two times the average background concentration.

J - Estimate quantity

ND - Not Determined (analyte concentrations were bciow sample quantification Hnﬁt)

U - Analyte not detected; sample result below quantification limit
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Table 5-5 Subsurface (10-12 feet) Background Analyte Concentrations - Semi-Volatile Organics

Semi-Volatile Constituents | Frequency | Subsurface Site-Specific Avg. Criterion
of Detection Background Conc. Background | Background
(ug/kg) Conc. Conc.
(ug/kg) (ug/kg)

11,3-Dichlorobenzene 0/4 ND ND
1,4-Dichlorobenzene 2/4 "5.80 UJ 44.5 15.46 30.92 ”
2-Chlorophenol 0/4 2.70 U 2.90 U ND ND |
2-Methylnapthalene 0/4 1.55 U 167U ND ND |
Acenaphthene 0/4 1.63 U 1.75 U ND ND
Anthracene 0/4 0.436 U 0488 U ND ND
Benzo(a)anthracene 0/4 131U 1410 ND ND
Benzo(a)pyrene 0/4 1.10 U 1.18 U ND ND
Benzo(b)fluoranthene 0/4 1.04 U 1.12 0 ND -.ND
Benzo(g,h,i)perylene 0/4 0436 U 0.469 U ND ND
Benzo(k)fluoranthene 0/4 . 1.10 U 1.18 U ND ND
Benzoic Acid . 0/4 4.69 U 505U ND ND

|| Bis(2-ethylhexyl)phthalate 0/4 446 U 480 U ND ND
Butylbenzy! phthalate 0/4 1.33 U 143 U ND ND
Chrysene . 0/4 079 U | 0856 U ND ND |
Di-n-Butyl phthalate - 4/4 102 J 18.1] 13.05 26.1
Di-n-Octyl phthalate 0/4 - 231U 248 U ND ND
Dibenzofuran 0/4 -147 U 1.58 U . ND ND
Fluoranthene 0/4 0.616 U 0.663 U ND ND
Fluorene 0/4 140 U 1.51.0 " ND ND

- Criterion background concentration equals-two times the average background concentration.
J - Estimate quantity
ND - Not Determined (analyte concentrations were below sample quantification limit)
U- Anz_llytc not detected; sample result below quantification limit
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Table 5-5 - Subsurface (10-12 feet) Background Analyte Concentrations - Semi-Volatile Organics -

(continued)
Semi-Volatile Constituents | Frequency | Subsurface Site-Specific Avg. Criterion
of Detection Background Conc. Background | Background
(ug/kg) Conc. Conc.
(ug/ke) (ug/kg)

Indeno(1,2,3-cd)pyrene

l, Napthalene

"Pentachlorophenol

" Phenanthrene

" Pyrene

3/4

Criterion background concentration equals two times the average background concentration.

J - Estimate quantity

ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected; sample result below quantification limit
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Table 5-6 Residential Risk-Based Concentration (RBC) Levels - Semi-Volatile Constituents

Semi-Volatile Constituents | RBC Level (mg/kg)

1,3-Dichlorobenzene 7000n

" 1,4-Dichlorobenzene 27c ,

" 2-Chlorophenol . 390n |

" 2-Methylnaphthene NR )

H Aéenaphfhene 4700n

" Anthracene . 23000n

” Benzo(a)anthracene 0.88¢c L,

" Bcnzo(a).pyrenc 0.088¢c "

" Benzo(b)fluoranthene ) 0.88c 7’ _

" Benzo(g,h,i)perylene NR 1,
Benzo(k)fluoranthene 8.8¢c "

l Benzoic Acid 310000n "
Bis(2-ethylhexyl)phthalate 46¢ "
Butylbenzyl phthalate : - 16000n "

| Chrysene 88¢c ”

Il Di-n-butyl phthatate NR |
Di;n-octyl phthalate 1600n "
Dibenzofuran : 310n

k Fluoranthene - 3100n

" Fluorene 3100n

q Indcno(1,2,.3-cd)pyrene 0.88¢c
Napthalene , 3100n
Pentachlorophenol 5.3c

l Pyrene ' 2300n o

n - Noncarcinogenic value that will be achieve a hazard of 1.0
¢ - Carcinogenic effect or a value that will achieve a 1.0E-06 risk
NR - No regulatory level has been set
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5213 Yolatile Organic Compounds

Table 5-7 displays the surface (0-2 feet) background concentration information. Table 5-8 displays
the subsurface (10-12 feet) background data. Table 5-9 displays the residential RBC levels for

volatile organic compounds detected on site. However, per regulatory guidance, the volatile organic

compounds were screened using the RBC levels only.

5.2.14 Radionuclides and Radienuclide Indicators

Table 5-10 summarizes surface sitc-specific background levels for radionuclides and radionuclide
 indicators detected on site. Table 5-11 summarizes subsurface background levels for radionuclides
and radionuclide indicators. No RBC levels have been promulgated for radionuclides. Risk based
preliminary remediation goals (PRGs) for radionuclides (Nix, 1994) were used to evaluate
radionuclide concentrations in soil samples. Table 5-12 displays PRGs for radionuclides and
radionuclide indicators detected at the BRRP. '

5.2.15 Pesticides, PCBs, and Dioxins/Furans

Table 5-13 summarizes surface site specific background levels of contaminants detected in soil samples.
Table 5-14 displays the subsurface background levels of contaminants detected in soil samples.
Table 5-15 displays RBC levels.

§.2.1.6 TCLP

The TCLP is a laboratory procedure used to determine if a solid waste exhibits the characteristics of
toxicity and thus, would be regulated as a hazardous waste. Table 5-16 displays the regulatory thresholds

for toxicity.

5.22 Surface Water and Groundwater

The Safe Drinking Water Act-Maximum Contaminant Levels (SDWA-MCLs) are often used by
regulatory agencies to evaluate contamination of water (Table 5-17). Background surface water
samples were not collected because there is no upgradient body of surface water within the
immediate vicinity of the waste unit from which to obtain a unit-specific background sampie. One
group of wells (BRR-6) is upgradient of the BRRP and has been designated as a site specific
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Table 5-7 Surface (0-2 feet) Background Analyte Concentrations - Volatile Organics

.4

Volatile Organic Frequency Surface Site-Speci?c Avg. Criteri(;n
Constituents of Detection Background Conc.‘ Backgroumi Background
Conc. Conc.
(ug/ke) (ug/kg)
1,1-Dichloroethane 0.0187 U 0.04150 ND
1,2-Dichloroethane 072 0.0165 U 0.0366 U ND ND "
Acetone 1/2 7730 | 10.6 7.23 14.47 ]
Benzene 02 00187 U | 00415 ND ND' —I
Carbon disulfide 172 0.142 U 0.634 J 0.353 0.705 :, -
Chloroform ’ 02 0.0187 U 0.0415 U ND ND
Chloromethane 0/2 0.0264 U 0.0585 U ND ND 1,
Dichloromethane 0 0.626 U 115U ND ND l
(Methylene Chloride) .
Ethylbenzene , 0/2 0.0165 U 0.0366 U ND ND i'
Methyl ethyl ketone 0/2 0.352 U 0.829 U ND ND
Tetrachloroethylene 072 0.0286 U 0.0634 U ND ND "
Toluene 0/2 0.756 U 1.74 U ND ND 1'
Trichloroethylene 072 0.0187 U 0.0415 U ND ‘ND "
Trichlorofluoromethane*
Xylenes

* Trichlorofluoromethane was not analyzed for in the surface background soil samples. Therefore, this information
cannot be provided. - .

Criterion background concentration equals two times the average background concentration.

J - Estimate quantity .

ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected; sample result below quantification limit
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Table 5-8 Subsurface (10-12 feet) Background Analyte Concentrations - Volatile Organics

Volatile Organic Frequency | Subsurface Sité-Speciﬁc Avg. Cri;r—ion
Constituents of Detection Background Conc. Background | Background
(ug/kg) Conc. Conc. -
| (ug/kg) | (ug/kg)

1,1-Dichloroethane 0/4 0.0189 UJ 05-205 uJ ND ND 4’
1,2-Dichloroethane 0/4 0.0167 UJ | 0.0181 UJ ND ND
Acetone 0/4 3.52UJ 3.82 UJ ND ND 7,
Benzene 0/4 0.0556 U 0.0690 U ND ND 1,
Carbon disulfide . 0/4 0.143 UJ 0.155 UJ ND ND —”
Chloroform B : 0/4 0.0189 UJ | 0.0205 UJ ND ND :l
Chloromethane 2/4 0.0289 UJ 0.0556 J 0.0467 0.0934
Dichloromethane 4/4 . 0.494 J 0.5527J 0.521 1.04
(Methylene Chloride)
Ethylbenzene 0/4 0.0167 UJ | 0.0181 UJ ND ND b
Methyl ethyl ketone ‘ 0/4 0.807 U 0.966 U ND ND 7,
Tetrachloroethylene 0/4 0.0289 UJ 0.0313 UJ ND ND 1, -
Toluene ‘ - 0/4 0.108 U 0.167 U ND ND 1’
Trichloroethylene 0/4 0.0189 UJ | 0.0205 UJ ND ND 1]
Trichlorofluoromethane* el T —
Xylenes 04| 0.0667U1 | 00723 s

* Trichlorofluoromethane was not analyzed for in the surface background soil samplcs Therefore, this information
cannot be provided. o

Criterion background concentration equals two times the average background concentration.

J - Estimate quantity

ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected: sample result below quantification limit
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Table 5-9 Residential Risk-Based Concentration (RBC) Levels - Volatile Organic Constituents

Volatile Organic Constituents RBC Level (mg/kg)
1,1-Dichloroethane 7800n
1,2-Dichloroethane . 7c
Acetone 7800n
Benzene 22c.. .-
Carbon disulfide 7800n
Chloroform ) 100c
Chloromethane 49c
Dichloromethane (Methylene Chloride) | . 85¢
Ethylbenzene ‘ : . 7800n
Methyl ethyl ketoﬁe, _ _E . 47000n -
Tetrachloroethylene ‘ 12¢
Toluene 160000
Trichloroethylene 58c
Tx;iéhloroﬂuoromethane . 23000n
Xylenes ‘ 160000n _

n - Noncarcinogenic value that will achieve a hazard of 1.0.
¢ - Carcinogenic effect or a value that will achieve a 1.0E-06 risk.

NR - No regulatory level has been set.

5-17



Final REIRT Report for the WSRC-RP-94-1217, Rev. |

Burma Road Rubble Pit July 1995
Table 5-10 Surface (0-2 feet) Background Analyte Concentrations - Radionuclides &
Radionuclide Indicators

Radionuclides & Frequency Surface Site-Specific Avg. Criterion
Radionuclide Indicators |of Detection Background Conc. Backg_round__ Background
(pCi/g) Conc. Conc.
(pCi/g) (pCilg)
Minimum Maximum _

Actinfum-228 272 0.759 J 1.29J 1.02 2.05
Aﬁtimony-124 0/2 -0.00001 UJ -0.0 UJ ND ND
Antimony-125 0/2 0.00099 UJ | 0.0027 U7 ND ND
Barium-133 0/2 -0.03410 UT{ 0.00131 UJ ND ND
Cerium-144 0/2 0.00201 UJ| 0.00077 UJ ND . ND
Cesium-134 0/2 -0.00129 UJ| -0.0133 UJ ND ND
Cesium-137 2/2 0.00753 J 0.822 J 0.415 0.830
Cobalt-58 0/2 0.00002 UJ | 0.00007 UJ ND ND
Cobalt-60 012 0.00058 UJ | 0.002 UJ ND ND
Europium-154 12 -0.00088 UJ| 0.00537 J 0.002 0.005
Europium-155 2/2 0.226 J 0.401 J 0.314 0.627
Gross Alpha 212 4.70 ] 9.40J 7.05 14.1
Lead-212 22 0.606 J 10117 0.81 1.62
Manganese-54 22 0.0082 J 0.017F 0.009 0.018
Neptunium-239- 22 0.0363 J 0.0832 J 0.06 0.12
Nonvolatile-Beta 212 34017 6.10-J 4.75 9.50
Potassium-40 2/2 0.764 J 24817 1.62 ) 3.24
Promethium-144 0/2 -0.00032 UJ| 0.00029 UJ ND ND
Promethium-146 2/2 0.00499 J 0.0143 J 0.01 0.019
Ruthenium-106 0/2 -0.0008 UJ | 0.00376 UJ ND ND

Criterion background concentration equals two times the average background concentration.

T - Estimate quantity

ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected: sample result below quantification limit
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Table 5-10 Surface (0-2 feet) Background Analyte Concentrations - Radionuclides &
Radionuclide Indicators - (continued)

Radionuclides & Frequency Surface Site-Specific Avg. Criterion

Radionuclide Indicators | of Detection Background Conc. Background | Background

o (pCi/g) Conc. Conc.
(pCi/g) (pCi/g)

Minimum

Maximum

Sodium-22 o | 0.00103 us | 0.00145 U
"Ihorium-234 272 0.84 J 1447 1.14 Z.Zé "
I Tin-113 02 | 0.00006 UJ | 0.00018 UJ ND ND ”
Tritium 02 3.89 U 471U _ND ND 4’
Yttrium-88 02 | 0.00008 UT | 0.00022 U3 ND ND
Zinc-65 02 |-0.00029 ur| 0.00086 UJ ND ND |
Zirconium-95 22 0.00024 3 | 0000497 | 0.0004 0.0007

Criterion background concentration equals two times the average background concentration.

J - Estimate quantity

ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected; sample result below quantification limit

319



Final RFI/RY Report for the

‘Burma Road Rubble Pjt

WSRC-RP-94-1217, Rev. 1
July 1995

Table 5-11 Subsurface (10-12 feet) Background Analyte Concentrations - Radionuclides &

Radionuclide Indicators
Radionuclides & Frequency " Subsurface Site-Spe?‘u_ﬁc Avg. Criterion
Radionuc-lide Indicators | of Detection Background Conc. Background | Background
: (pCilg) Conc. Conc.
(pCilg) (pCilg)
| Minimum | Maximum | |

| Actinium-228 44 1.20 158 | 141 282 |
Antimony-124 0/4 -0.00653 U | 0.00425 U ND ND "
Antimony-125 0/4 -0.00125 U | 0.00683 U ND ND "
Barium-133 0/4 -0.0298 U | 0.00202 U ND ND TI
Cerium-144 o4 | 0024 u | 000305su | nD ND "
s Cesium-134 1/4 -0.00920 U | 0.00438 J 0.0013 0.0026 "
| Cesium-137 24 -0.00183 U { 0.0215 0.009 0.018 "
Cobalt-58 1/4 -0.00598 U | 0.0131 J 0.003 0.006 ,
Cobalt-60 0/4 0.0001 U | 0.00412 U ND ND W )
Europium-154 0/4 -0.00831 U | 0.00163 U ND ND '
Europium-155 4/4 0.330 0.367 0.351 0.704
Gross Alpha 4/4 3.90J 9.10 6.78 13.55 I
Lead-212 4/4 1.25 1.54 1.44 2.88 1
Manganese-54 4/4 0.0168 0.0276 0.022 0.043
Neptunium-239 4/4 0.798 0.886 0.842 1.69
Nonvolatile Beta 0/4 320U 7.80 U ND ND "
Potassium-40 4/4 1.26 1.82 1.49 2.98 ”
Promethium-144 0/4 000344 U | 00255U | - ND ND "
Promethium-146 2/4 0.0191 J 0.00311 U 0.009 0.017 "
Ruthenium-106 1/4 -0.00547 U | 0.04510 J 0.014 0.029 ]

Criterion background concentration equals two times the average background concentration.

J - Estimate quantity

ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected: sample result below quantification limit
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Table 5-11 Subsurface (10-12 feet) Background Analyte Concentrations - Radionuclides &
Radionuclide Indicators - (continued) s

Radionuclides & Frequency | Subsurface Site-Specific Avg. | Criterion
Radionuclide Indicators | of Detection Background Conc. Background | Background
| (pCilg) ' i Conc. Conc.
(pCi/g) (pCilg)

LSodiixm-ZZ : | 0/4 -0.00053 U | 0.00192 U
Thorium-234 : 4/4 0.652 J 0.727 1 0.686 1.372 "
Tin-113 ' 1/4 -0.00185 0.00822 0.002 0.004 "
Tritium 0/4 0.0805 U 705 U ND ND
Yttrium-88 1/4 00227 U | 0.05147 0.022 0.044 WI
Zinc-65 1/4 -0.00175 U | 0.0122 ] 0.003 0.007 "
Zirconium-95 _ 1/4 -0.0194 U 0.015 J 0.002 o.m_,

Criterion background concentration equals two times the average backgrc;und concentration.
J - Estimate quantity
ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected; sample result below quantification limit
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Table 5-12 Residential Preliminary Remediation Goals (PRGs) - Radionuclides & Radionuclide

Indicators

* This is the concentration that will achieve a 1.0E-06 risk.

Radionuclides & Radionuclide PRG Level*
Indicators : (pCiLg)
" Actinium-228 0.0144 |
" Antimony-124 0.00641
" Antimony-125 0.0347
" Barium-133 0.438
" Cerium-144 1.64
" Cesium-134 2.08
" Cesium-137 0.0208 ft
" Cobalt-58 838 ]I
|| Coablt-60 0.00484
" Europium-154 0.0102
" Europium-155 0.706
" Gross Alpha NA
" Lead-212 0.149
" Manganese-54 0.0144
Neptunium-239 0.181
Nonvolatile Beta NA
Potassium-40 0.0771
Promethium-144 NA
Promethium-146 NA |
Ruthenium-106 81.0 l
Sodium-22 0.00579 "
|| Thorium-234 11.2 ||
| Tin-113 24 |
l Tritium 14200 "
I Yttrium-88 NA "
I@inc-GS 0.0208 "
H Zirconium-95 0.0167 "

NA - Not available
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Table 5-13 Surface (0-2 feet) Background Analyte Concentrations - Pesticides, PCBs,

Dioxins/Furans
Pesticides/PCBs/Dioxins/ | Frequency Surface Site-Specific Avg. Criterion
Furans of Detection Background Conc. Background | Background
: ‘ (ug/kg) Conc. Conc.
: (ug/kg) | (ugl/kg)
Minimum | Maximum | -
Aldrin () 228 U 2.54 UJ ND ND
Table 5-14 Subsurface (10-12 feet) Background Analyte Concentrations -
Pesticid%/I_’CBs/Dioxins/Furaps ’
Pesticides/PCBs/Dioxins/ Frequency | Subsurface Site-Specific Avg. Criterion
Furans of Detection Background Conc. Background | Background
(ug/kg) Conc. Conc. ‘
(ug/kg) (ug/ke)
| Minimum | Maximum |
Aldrin 0/4 0457 U 0.501 U ND ND .

Table 5-15 Residential Risk-Based Concentration (RBC) Levels -

Pesticides/PCBs/Dioxins/Furans
Pesticides/PCBs/Dioxin/ RBC
Furans (mg/kg)
Aldrin 0.038 ¢

Criterion background concentration equals two times the average background concentration.

¢ - Carcinogenic effect or a value that will achieve a 1.0E-06 risk

ND - Not Determined (analyte concentrations were below sample quantification limit)

U - Analyte not detected: sample result below quantification limit

!
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Table 5-16 Toxicity Characteristic Leaching Procedure Regulatory Levels

Constituent Regulatory Level
(mg) ,
1,1-Dichloroethylene 0.7 : ”
1,2-Dichloroethane : 0.5 R "
' 1,4-Dichlorobenzene ] 7.5 "
I! 2,4,5-TP (Silvex) 1.0 "
q 2,4,5-Trichlorophenol 400.0 "
2,4,6-Trichlorophenol 2.0 "
2,4-D 10.0 "
2,4-Dinitrotoluene , 0.13 "
Arsenic 5.0 "
Barium . 100.0 "
.| Benzene 0.5
Cadmium . . 1.0
Carbon tetrachloride 0.5
Chlordane 0.03
Chlorobenéene 100.0
Chloroform 6.0
Chromium , 5.0
Cresol - 200.0
Endrin . - 0.02
Heptachlor (and its hydroxide) 0.008
Hexachlorobenzene - 0.13
| Hexachlorobutadiene 0.5
Hexachloroethane - 3.0
Lead 5.0
Lindane : 0.4 “
Mercury 0.2 jl
-t Methoxychlor 10.0 H
' Methyl ethyl ketone 200.0 "
I | m-Cresol 200.0 "
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Table 5-16 Toxicity Characteristic Leaching Procedure Regulatory Levels (continued)

" Constituent Regulatory Level
(mg/l)
Nitrobenzene 2.0
o-Cresol ] 200.0
Pentachlorophenol ' 100.0
Pyridine ’ - 5.0
p-éresol : 200.0°
Selenium 1.0
Silver ' ' 5.0 _ I
| Tetrachloroethylene 0.7
Toxaphene ‘ 0.5
Trichloroethylene 0.5
Vinyl Chloride (Chloroethene) 0.2
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Table 5-17 Safe Drinking Water Act Maximum Contaminant Levels (SDWA MCLs)

Target Analyte List’ MCL - " Volatile Organics MCL
Constituents (mg/l) (mg/l)

Aluminum NR " 1,1-Dichloroethane NR
Antimony 0.0006 1,2-Dichloroethane 0.005
Arsenic “{ ~ 0.05 Acetone NR
Barium (ionic) 2 " Benzene 0.005
Beryllium ~0.004 " Carbon disulfide NR
Cadmium 0.005 " Carbon tetrachlotide 0.005
Calcium NR " Chlorobcnéene 0.1
Chromium (total). 0.1 " Chloroethene (Vinyl Chloride) | .0.002
Cobalt ' NR [l chioroform . 0.1
Copper ‘ 1.0* " Chloromethane NR
Cyanide (as free cyanide) 0.2 Dichloromethane 0.005
Iron NR Ethylbenzene 0.7
Lead 0.05%* Methyl ethyl ketone NR
Magnesium NR Tetrachloroethylene 0.005
Manganese NR Toluene 1
Mcrcury (inorganic) 0.002 Trichloroethylene 0.005
Nickel 0.1 Xyleﬁes 10
Potassium NR
Selenium 0.05
Silver . NR
Sodium NR
Vanadium NR
Zinc NR -
* The SDWA standard for copper "Pesticides/PCBs/ MCL
is a secondary MCL. Dioxins/Furans (mg/l)
** - The SDWA standard for lead NR
is an "at the tap" action level.
MCL refers to primary MCL. ' NR indicates no regulatory level has been set.
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Table 5-17 Safe Drinking Water Act Maximum Contaminant Levels (SDWA MCLs) -

(continued)

Semi-Volatile Organics MCL
(mg/l)
1,3-Dichlorobenzene NR
" 1,4-Dichlorobenzene 0.075
|l 2-Chiorophenol NR |
2-Methylnaphthene NR "
Acenaphthene NR "
L Anthracene NR u
I Benzo(a)anthracene 0.0001
| Benzo(@)pyrene 0.0002
Benzo(b)fluoranthene 0.0002
Benzo(g,h,i)perylene NR
Benzo(k)fluoranthene 0.0002
Benzoic Acid NR
Bis(2-ethylhexyl)phthalate NR
Butylbenzyl phthalate 0.1
Chrysene | 0.0002 "
Di-n-butyl phthalate NR "
Di-n-octyl phthalate NR "
Dibenzofuran NR "
Fluoranthene NR "
Fluorene NR "
Indeno(1,2,3-cd)pyrene 0.0004 ”
Napthalene NR
Pentachlorophenol 0.001 "
Phenanthrene NR "
Pyrene NR ]

MCL refers to primary MCL.

Radionuclides &
Radionuclide Indicators

Actinium-228

Antimony-124

| Antimony-125

Barium-133

Cerium-144

| Cesium-134

Cesium-137

Cobalt-58

Cobalt-60

Europium-154

Europium-155

zlzlzlzl5l51zlzl2]z 13

Gross Alpha

—
(5,

Lead 212

Manganese-54

| Neptunium-239

SRERE

Nonvolatile Beta

4 (mrem/yri

Potassium-40

Promethium-144

Promethium-146

| Ruthenium-106

Sodium-22

Thorium-234

Tin-113

21213 |2 |52 |2

Tritium

20000

Yttrium-88

Zinc-65
Zirconium-95

%% |7

al

NR indicates no regulatory level has been set.
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background well. It should be noted that this well is sidegradient of the F-Area Separations Facility (a
potentially contaminated area).

Surface water and sediment samples were taken from a small pond near the site, to which runoff from the
site could potentially flow. No comparable water (or sediment) background locations were available in
the vicinity. Therefore, sediment samples are compared to background surface soil samples and
discussed in the context of the RBC or PRG thresholds for soﬂs, and surface water is dlscussed in the
context of SDWA MCLs.

53 Soils -

The purpose of this investigation was to detemine the nature and horizontal and vertical extent of soil
contamination at the BRRP. Samples from seventeen locations (BRRP 1 - 17, Figure 5-2) within the
boundaries of suspected contamination in the BRRP area were analyzed. In general, the borings were
located in areas where a soil gas anomaly was detected or adjacent to a potential underground source. At
a minimum, for each sampling location, one surface sample and five samples from lower depths were

analyzed. The complete results of soil analysis are presented in Appendix J.

As discussed in Section 5.2, background samples (Figure 5-1) were gathered to generate data for
comparative analyses with soil samples taken from areas of suspected contamination. Sﬁbsurface soil
samples were gathered from four locations (BR-01, BR-02, BR-03, and BR-04) at depths of 10 - 12 feet
(approximating the bottom of the pit). Background surface samples were taken from two locations
(BR-07 and BR-08) at depths of 0 - 2 feet.

5.3.1 Metals

Tables 5-18 and 5-19 summarize the resuits of analysis of metals in surface and subsurface soils
samples, respectively. Soil sample metal concentrations are discussed in the context of unit-specifi c
background and regulatory guideline levels. ~

Each individual samphng location and depth was compared to background samples: BR 0101, BR 0201,
BR 0301, BR 0401, BR 0701 and BR 0801. This method was selected since there were multiple data
points for the background grouping against which individual samples could be tested. This approach was
selected over the other methods due to the limited number of non-background data

{
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Table 5-19 Summary of Subsurface Sampling Results - Target Analyte List

Target | Foequencyolr;  SubcurfaceSoil  { Number Soll Boring Number | Depth | Numbec Soll Borlng NumEee | Depth
Asslytes | Detoction | Sampte Concontration | > CBC (0 | >REC (feet) |
Long/eg)
Maximam Detected
Alumiaum sust 18600 st BRRPQ2 8.10 st NA NA
: BRRP Q2 10-12
BRRP 07 16-18
Aatimoa: st 349 NC NA NA /51 NA NA
Artenic @35 477 ons NA NA &8 BRRP 12 &-8
BRRPOL 12 £-10
BRRPOZ 10,15 10-12
Bacium 8585 183 xS 8RRPO2 ¥-10 3s NA NA
BRRP A2 10-12
BRRP 07 16- 18
Berytlium sust a.198 st BRRP 02 s-10 35t BRRIPPO2 8-10
BRRP 10 10-12 8RR 10 19-12
BRRP 07 16- 18 BRRP 07 1618
Cada %S o3 NC NA NA oS NA NA
Caldum st 408 15t BRRP Q2 s-10 NR NA NA
BRRP 14, 14A, 15,154 | 1012
BRRP 13, 13A 13-15
BRRrC 03,0513 15-17
BRRP 07 16-18
BRRP 13 17-19
Cheoasum s 299 &S BRRP 02 s-10 wis NA NA
BRRP 11,12, 14A, 17 ’ld-ll
BRRP 07 1618
Cobalt 8 108 185 BRRE 07 16-18| ans NA NA
Copper S1151 M6 sy BRRP 05, 05A 19-21 051 NA NA
Cyanide 29151 2353 1851 BRRP 12 6-8 ast NA NA
BRRP 62 s-10 |’ :
BRRPOI,0%, 10,15, |10-12
15A. 16
BRRPOL 14, 1S 12-14
BRRPO1, 10,11 1416
BRRP A7 20-22
Iron Sust 26100 451 BRRP 12 6.8 NR NA NA
BRRPF 02 g-10
BRRP 17 10-12
BRRI 07 16-18
Lesd 2188 9.04 axs NA NA NR NA NA
Magnedum st a2 [3-3] BRRPO2 X-10 NR NA NA
BRRPO2 10-12
8RRP G2 12.14
B8RRI 03,05 15-17
BRRM 7 16-18
Azagancse st s st BRRPO3, 05 15-17 osst NA NA
BRRP A7 16- 1%
Mercucy 3255 a204 20085 BRRPG2,12 g-10 wis NA NA
BRAPA2 10,14, 14A [ 10-12
BRRPAGL 1 12.14
8RRP 05,09, 10 416
BRRP 04, 04,07 1618
BRRP O3 1719
BRRP 12,14, 14A.17 }20-22
BRRP 13 ° 27-29
Nickel 2wst 3% st BRRPrO2 %.10 ast NA NA
BRRP 14A 1¢-12
BRRP 13A 13-15 ,
B8RRP 14 14-16
BRRP 03,05 15-17¢,
BRRPO7 . 16-1%
Potassium 1651 18X st B8RRP Q2 g-10 NR NA NA
BRRP 13, 13A 13-15
BRRP Q3,05 15-17
BRRPO7 16-18
BRRP 04 15-20
Selenium 1735 £ NC NA NA o8s NA NA
Silver wes 0313 NC NA NA ans NA NA
Sodium 2151 552 NC NA NA NR NA NA
Thallium Q/S1 ND NA NA NA NA NA NA
Vanadi Sust 632 151 BRRP 02 §-10 asst NA NA
Zioe sust 166 451 BRRP Q2 g-10 arst NA NA
BRRP 03,05 15-17
BRRPO7 16-18
A « Duplicaic mampic NA = Not applable NC = N & d
ND « Nt Satexiod (s2mple was below the quastificatioa timit) NR « No regulatory kvel (REBC)
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observations. Individual location/depth observations were compared to the CBC of the background
grouping.

Thallium was not detected in any soil samples. Otherwise, all metals analyzed for in the samples were

detected in at least some of the samples.

Aluminum '

Aluminum was detected in all of the surface and subsurface soil samples. The maximum concentration
detected was 19000 mg/kg in the surface soil and 18600 in the subsurface soil. These values are
above the CBC of 15310 mg/kg for surface soil and 7735 mg/kg for the subsurface soil
concentrations. However, the maximum surface and subsurface soil samples are below the
residential RBC level (noncarcinogenic) of 78000 mg/kg. Therefore, aluminum was not considered
a contaminant of potential concern for the BRRP waste unit.

Antimony

Antimony was detected in 2 of 17 surface soil samples with a maximum concentration of 6.07 mg/kg.
Antimony was also detected in 3 of 51 subsurface soil samples with 2 maximum concentration of 3.49
mg/kg. No CBC exists for this compound as the background data were below quantification limits.
These values are both below the RBC level (noncarcinogenic) of 31 mg/kg. Therefore, antimony was not .
considered as a contaminant for the BRRP.

Arsenic

Arsenic was detected in 2 of 17 surface soils with a maximum concentration of 4.33 mg/kg. Arsenic
was also detected in 6 of 85 subsurface soils with a maximum concentration of 4.77 mg/kg. Table 5-
20 shows the saﬁples and depths of arsenic concentrations. No CBC exists for arsenic in the
surface soil; however, these values are below the CBC of 6.88 mg/kg for subsurface soils and the
RBC level (noncarcinogenic) of 23 mg/kg. Both of the surface and subsurface soils maximum
concentration values are above the RBC level (carcinogenic) of 0.37 mg/kg. All the values for the

soil borings are plotted on cross sections (see Figures 5-3 and 5-4),
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R .

Table 5-20 Arsenic Concentrations in Soil Samples

MM Concentration (m

BRRP 06 0-2 345

BRRP 15 0-2 4.33 |
BRRP 12 6-8 3.79 J’
BRRP 02 8-10 3.23

BRRP 12 8- 10 477 4“
BRRP 02 10-12 1.76

BRRP 10 10- 12 171 ' |
BRRP 15 10- 12 2.61 |
Barium .

Barium was detected in all surface and subsurface’soil samples. The maximum value detected was 30.2
mg/kg in the surface soil and 18.3 mg/kg in the subsurface soil. The maximum value detected in the

surface soil is below the CBC of 139.9 mg/kg; hbv.vever, the maximum value detected in the

subsurface soils is above the CBC of 6.60 mg/kg. Both the maximum surface and subsurface soil

values are below the RBC level (noncarcinogenic) of 5500 mg/kg. Therefore, barium was not .

considered as a contaminant at the BRRP.

Beryllium

Beryllium was detected in all surface and subsurface soil samples. The maximum value detected was
0.221 mg/kg in the surface soil and 0.198 mg/kg in the subsurface soil. The maximum value
detected in the surface soil is below the CBC of 0.555 mg/kg; although, the maximum value detected
in the subsurface soils is ‘abov;: the CBC of 0.1298 mg/kg. Both of the maximum values are above
the RBC level (carcinogenic) of 0.15 mg/kg. The values above detection limits for all soil borings
are plotted on cross sections (see Figures 5-5 and 5-6). Although, beryllium is considered a
potential contaminant in the RFI/RI Report, it did not pdse any risk in the BRA.

Cadmium

Cadmium was not detected in any surface soil samples. Cadmium was detected in three subsurface soil
samples: BRRP 03 at a depth of .10 - 12 feet (0.344 mg/kg), BRRP 05 at a depth of 10 - 12 feet (0.34
mg/kg), and BRRP 03 at a depth of 26 - 28 feet (0.255 mg/kg). No CBC exists for this compound as

the background data were below quantification limits. The maximum concentration
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was below the RBC level (noncarcinogenic) of 39 mg/kg. Therefore, cadmium was not considered
for further evaluation as a potential contaminant at the BRRP.

Calcium

Calcium was detected in all surface samples and in all but one subsurface sample. The maximum value
detected was 360 mg/kg in the surface soils and 408 mg/kg in the subsurface soils. The maximum
value detected in thé surface soil is below the CBC of 867 mg/kg; however, the maximum value
detected in the subsurface soils is above the CBC of 50.6 mg/kg. No RBC level has been set for
calcium. Calcium is noted as being one of six essential elements in the BRA. A comparison of these
six essential elements with their respective recommended dietary allowance (RDA) and/or estimated
safé and adequate daily dietary intakes (ESADDI) was made in the BRA. The comparison
demonstrated that the concentration detected would not exceed the RDAs or ESADDIs if site-
specific soil concentrations were ingested. Therefore, calcium was not considered further as a
potential contaminant at BRRP. ’

Chromium,

Chromium was detected in all surface and subsurface samples. The maximum value detected was 33.5
mg/kg in the surface soil and 29.9 mg/kg in the subsurface soil. Both of these values are above the
CBCs for surface (14.25 mg/kg) and subsurface (19.72 mg/kg) soil samples. All of the values aré .

below the RBC level (noncarcinogenic) of 390 mg/kg. Therefore, chromium was not considered a
. potential contaminant at the BRRP.

Cobalt

Cobalt was detected in all surface samples and in 32 subsurface samples. The maximum value detected
was 1.2 mg/kg in the surface soil and 1.08 mg/kg in the subsurface soil. The maximum value
detected in the surface soil is below the CBC of 2.44 mg/kg. However, the maximum value detected
in the subsurface soils is above the CBC of 0.834 mg/kg. All of the values are below the RBC
(noncarcinogenic) level of 4700 mg/kg. Therefore, cobalt is not considered a potential soil
contaminant at the BRRP. B

Copper

Copper was detected in all the surface and subsurface samples. The maximum values detected were 5.95
mg/kg and 34.6 mg/kg for surface and subsurface soils, respectively. The maximum CBC values were
exceeded for both surface (5.27 mg/kg)' and subsurface (8.42 mg/kg) soils. However, the RBC
(noncarcinogenio) level of 2900 mg/kg was not exceeded. Copper is noted as being one of six essential
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elements in the BRA. A comparison of these six essential elements with their respective RDA
and/or ESADDI was made in the BRA. The comparison demonstrated that the concentration

detected would not exceed the RDAs or ESADDISs if site-specific soil concentrations were ingested.
Therefore, copper was not considered further as a potential contaminant at BRRP.

Cyanide

Cyanide was detected in 8 of 17 surface soil samples and 29 of 51 subsurface samples. The maximum
values detected in the surface (0.493 mg/kg) soil and subsurface (0.353 mg/kg) soil were above their
respective CBC values - surface (0.372 mg/kg) and subsurface (0.152 mg/kg). Both values are below
the RBC (noncarcinogenicj level of 1600 mg/kg. Therefore, cyanide is not considered a potential
contaminant at the BRRP.

Iron .

Iron was detected in all subsurface and surface soils analyzed. The maximum value detected was 28200
mg/Kkg in the surface soil and 26700 mg/kg in the subsurface soil. Both of these values are above the
CBC of 9.20 mg/kg for surface soil and 15750 mg/kg for subsurface soil. No regulatory (RBC) level

has been set for iron. Iron is noted as being one of six essential elements in the BRA. A comparison .

of these six essential elements with their respective RDA and/or ESADDI was made in the BRA.

The comparison demonstrated that the concentration detected would not exceed the RDAs or .

ESADDISs if site-specific soil concentrations were ingested. Therefore, iron was not consndered
further as a potential contaminant at BRRP.

Lead

Lead was detected in all surface soil samples with a maximum concentration of 6.54 mg/kg. Lead was
also detected in 72 of the 85 subsurface soil samples -with a maximum concentration of 9.04 mg/kg.
Both of these values are below the surface soil CBC of 18.31 mg/kg and the subsurface soil CBC of
9.38 mg/kg. No RBC level exists for lead in soil. All the soil boring values are posted on cross
sections (see Figures 5-7 and 5-8). )

~

—
Magnesium

Magnesium was detected in all the surface soils and subsurface samples. The maximum value detected
was 224 mg/kg in the surface soil and 332 mg/kg in the subsurface soil. The maximum value
detected for the surface soils is below the CBC of 356.4 mg/kg. However, the maximum
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value detected for subsurface soil samples is ai)ove the CBC of 56.2 mg/kg. No regulatory level has
been set for magnesium in soil. Magnesium is noted as being one of six essential elements in the
BRA. A comparison of these six essential elemerits with their respective RDA and/or ESADDI was
made in the BRA. The comparison demonstrated that the concentration detected would not exceed
the RDAs or ESADDIS if site-specific soil concentrations were ingested. Therefore, magnesium was
not considered further as a potential contaminant at BRRP.,

Manganese

Manganese was detected in all the surface and subsurface soil samples. The maximum value detected
in the surface soil sampies was 139 mg/kg which is below the CBC of 569 mg/kg. The maximum
value detected in the subsurface soil samples is 52.1 mg/kg which is above the CBC of 19.44 mg/kg. .
All values are below the RBC (ﬁoncarcinogeﬂc) level of 390 mg/kg. Therefore, manganese was not
considered as a potential contaminant at BRRP.

Mercury

Mercury was detected in 15 of 17 surface samples and in 32 of 85 subsurface samples. The maximum
value detected was 0.395 mg/kg in the surface soil and 0.204 mg/Kkg in the subsurface soil. Both of.
these values are above their respective CBC - surface (0.1168 mg/kg) and subsurface (0.024 mg/kg).
Both maximum values are below the RBC (noncarcinogenic) level of 2.3 mg/kg. Therefore, .
mercury was not considered as a poential contaminant at BRRP.

Nickel

Nickel was detected in 16 of 17 surface samples and in 32 of 85 of the subsurface soil samples. The
maximum value detected was 17.6 mg/kg in the surface soil and 73.8 mg/kg in.the subsurface soil.
Both of these values are above the CBC of 3.86 mg/kg in the surface soil and 1.79 mg/kg in the
subsurface soil. Both maximum values are below the RBC level of 1600 mg/kg.

Potassium )
Potassium was detected in 16 of 17 of the surface soil samples and in 16 of 51 subsurface soil samples.
The maximum value detected was 136 mg/kg in the surface soil and 158 mg/kg in the subsurface soil
samples. The maximum value in the surface soil samples is below the CBC of 225.3 mg/kg. The
maximum value in the subsurface soil samples is above the CBC of 41.4 mg/kg. No regulatory level
has been set for potassium in soil. Potassium is noted as being one of six essential elements in the
BRA. A comparison of these six essential elements with their respective RDA and/or ESADDI was

made in the BRA. The comparison demonstrated that the concentration detected would not exceed
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the RDAs or ESADDIs if site-specific soil concentrations were ingested. Therefore, potassium was
not considered further as a potential contaminant at BRRP.

Selenium

Selenium was not detected in any surface soil samples. Selenium was detected in only one of the 85
subsurface soil sample (BRRP 12 at a depth of 8 - 10 feet, with a concentration of 4 mg/kg). No CBC
exists for this compound as the background data were below quantification limits. This value is
below the RBC level of 390 mg/kg. Therefore, selenium was not considered a potential contaminant
at the BRRP.

Silver
Silver was not detected in any surface soil samples. Silver was detected in one subsurface soil sample
(BRRP 15 at a depth of 24 - 26 feet, with a concentration of 0.313 mg/kg). No CBC exists for this

compound as the background data were below quantification limits. The subsurface soil
concentration is below the RBC level of 390 mg/kg. Therefore, silver was not considered a potential
contaminant at the BRRP.

Sodium
Sodium was detected in 7 of 17 surface soil samples and in 21 of 51 subsurface soil samples. The .
maximum value detected was 22.5 mg/kg in the surface soil and 55.2 in the subsurface soil. The
maximum value detected for the surface soil is above the CBC of 16.58 mg/kg. No CBC exists for
this compound in the subsurface soil samples as the background data were below quantification
limits. No regulatory level has been set for sodium in soil. Sodium is noted as being one of six
essential elements in the BRA. A comparison of these six essential elements with their respective
RDA and/or ESADDI was made in the BRA. The comparison demonstrated that the concentration
detected would not exceed the RDAs or ESADDIS if site-specific soil concentrations were ingested.

Therefore, sodium was not considered further as a potential contaminant at BRRP.

Vanadium

-

Vanadium was detected in all the surface and subsurface soil samples. The maximum value detected
was 65.1 mg/Kkg in the surface soil and 63.2 mg/kg in the subsurface soil. Both of these values are.
above their respective CBCs of 26.0 mg/kg for surface soil and 62.1 mg/kg for subsurface soil.
However, these maximum. values are below the RBC of 550 mg/kg. Vanadium was not considered

as a potential contaminant at the BRRP.
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Zinc

Zinc was detected in all the surface and subsurface soil samples. The maximum value detected was
11.1 mg/kg in the surface soil and 16.6 mg/kg in the subsurface soil. The maximum for the surface
soil is below the CBC of 12.89 mg/kg; however, the maximum value for the subsurface soil is above
the CBC of 4.90 mg/kg. Both maximum values are below the RBC of 23000 mg/kg. Based on this

‘information, zinc was not considered as a contaminant at the BRRP.

5.3.1.1 Summary

Twenty-three TAL constituents were detected in either surface, subsurface, or both soil samples.
Six of the twenty-three TAL constituents are classified as essential nutrients. These essential
nutrients, calcium,' copper, iron, magnesium, potassium, and sodium, are considered non-toxic,
except in large amounts. A comparison of these six nutrients with their respective RDAs and/or
ESADDI was made in the BRA. The comparison demonstrated that the concentrations detected
would not exceed the RDAs or ESADDIS if site-specific concentrations were ingested. Therefore,

these six essential nutrients were not considered as possible contaminants at the BRRP.

Ten (i.e., aluminum, barium, chromium, cobalt, cyanide, mercury, nickel, vanadium, and zinc) of
the twenty-three constituenté had at least one of the maximum concentrations in the surface or |
subsurface soil samples above their respective CBC. However, all of these constituents had
maximum concentrations for both surface and subsurface soil samples below their respective RBC
le'vel'. Four TAL constituents, antimony, cadmium, selenium, and silver, had no CBC level because
the background concentration data were below quantification limits. These constituents, however, .
exhibited maximum concentrations in both surface and subsurface soil which were below the RBC
levels for the constituent. Based on this information, these fourteen constiutents were not
considered as potential contaminants at the BRRP.

The remaining three TAL constituents, arsenic, beryllium, and lead, were further evaluated as
potential contaminants at the BRRP. The maximum values for arsenic surface and subsurface soil
samples exceeded the' RBC (carcinogenic) level. The maximuni beryllium concentration exceeded
the CBC for subsurface soils as well as the RBC (carcinogenic) Ievel for surface and subsurface soil.
Lead concentrations did not exceed their respective surface and subsurface CBCs. Cross sections
depicting the concentrations and depths for these three constituents were drawn (see Figures 5-3
through 5-8).
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532 Volatile Organic Compounds

Table-5-21 summarizes the results of laboratory analysis for volatile organic compounds detected in
surface soils. Table 5-22 summarizes the results of laboratory analysis for volatile organic
compounds detected in the subsurface soils. In order to determine the potential volatile organic
compounds at BRRP, RBC levels were used to screen the detected contaminants. Per regulatory

guidance, CBC was not used for volatile organic compounds.

1,1-Dichloroethane

1,1-Dichloroethane was not detected in any surface soils. 1,1-Dichloroethane was detected in one
subsurface soil sample, BRRP 03 at a depth of 15 - 17 feet, at a concentration of 0.69 ug/kg (0.00069
mg/kg). This concentration is below the RBC of 7800 mg/kg Therefore, 1 1-d1chloroethane was
not considered a potential contaminant at the BRRP.

1,2-Dichloroethane

1,2-Dichloroethane was detected in one surface soil sample, BRRP 03, at a concentration of 0.213 ug/kg
(0.000213 mg/kg). 1,2-Dichloroethane was not detected in any subsurface soil samples. The
concentration detected in the surface soil sample is below the RBC of 7 mg/kg. 1,2-D1chloroethane
is not consndered a potential contaminant at the BRRP.

Acetone

Acetone was detected in eight surface soil samples with a maximum concentration of 17.6 ug/kg
(0.0176 mg/kg). Acetone was detected in 23 ‘of 51 subsurface soil samples with a maximum
concentration of 59.7 ug/kg (0.0597 mg/kg). Both of these values are below the RBC of 7800 mg/kg.

Therefore, acetone was screened out as a potential contaminant of concern at the BRRP.

Benzene

Benzene was detected in three surface soil samples, BRRP 06, BRRP 07, and BRRP 10 at concentrations
of 0.118 ug/kg (0.000118 mg/kg), 0.241 ug/kg (0.000241 mg/kg), and 0.0638.ug/kg (0.0000638 mg/kg),
respectively. Benzene was detected in 14 of 85 subsurface samples with a maximum concentration of
0.993 ug/kg (0.000993 mg/kg). These values are.below the RBC of 22 mg/kg. Therefore, benzene
was screened out as a contaminant at the BRRP. '
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Table 5-21 - Summary of Surface Sampling Results - Volatile Organic Compounds

Volatile brganits | Frequency of | Surface Soil | Number | Soi Boring Depth
Detection Sample >RBC Number (feet)
Concentration )
(ug/ks)
Maximum
Detected

1,1,1-Trichloroethane 0/17 ND 017 NA - NA
1,1,2,2-Tetrachloroethane 017 ND 0/17 NA NA
1,1,2-Trichloroethane 0/17 ND 0/17 NA NA
1,1-Dichloroethane on7 ND 017 NA NA
1,1-Dichloroethylene 0/17 ND 017 NA NA
1,2-Dichloroethane 17 0213 0/17 NA NA
1,2-Dichloroethylene 0/17 ND 017 NA NA
1,2-Dichioropropane 0/17 ND 0/17 NA NA
2-Hexanone 017 ND 0/17 NA NA
Acetone 8/17 17.6 0/17 NA NA
Benzene 3117 0241 0/17 NA . NA
Bromodichloromethane on7 ND 017 NA NA
Bromoform 0/17 ND 0/17 NA NA
Bromomethane 0/17 ND 0117 NA NA
Carbon disulfide /17 0.144 0/17 NA NA
Carbon tetrachloride 0/17 ND 0/17 NA NA
Chlorobenzene 017 ND 0/17 NA NA
Chloroethane 0/17 ND 07 NA NA
Chloroethene 0/17 ND 0/17 NA NA
Chloroform 0/17 ND 0/17 NA NA
Chloromethane 3n7 0344 o7 NA NA
Cis-1,3-Dichloropropane 0/17 ND 0/17 NA NA
Dibromochloromethane 0/17 ND 0/17 NA NA
Dichloromethane 1/17 0.854 0/17 NA NA
Ethyl benzene 117 0216 o7 NA NA
Methyl ethyl ketone 017 ND o7 NA NA
Methyl isobutyl ketone 0n7 ND 07 NA ‘NA
Styrene 0/17 ND 017 NA NA
Tetrachloroethylene 1717 0.427 0/17 NA NA
Toluene on7 ND 0/17 NA NA
Trans-1,2-Dichloroethylene

Trans-1,3-Dichloroethylene 0/17 ND 0/17 NA NA
Trichloroethylene 217 0213 0/17 NA NA
Trichlorofiluoromethane

Vinyl acetate 017 ND 017 NA NA
Xylenes 317 1.03 0/17 NA NA

NA = Not applicable

ND = Not detected (sample was below the quantification limit)
Blank spaces indicate that the samples were not tested for these compounds.
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Table 5-22 - Summary of Subsurface Saxﬁpling Results - Volatile Organic Compounds

Volatile Organics Frequency of | Subsurface Sollj Number |  Soil Boring Depth-
Detection Sample >RBC Number (feet)
Concentration
(ug/kg)
Maximum
Detected
1,1,1-Trichloroethane 0/85 ND 0785 NA NA
1,1,2,2-Tetrachlorocthane 0/85° ND 0/85 NA NA
1,1,2-Trichloroethane 0585 ND 0785 NA NA
1,1-Dichloroethane 1/85 0.69 0/85 NA NA
1,1-Dichloroethylene 0/85 ND 0/85 NA NA
1,2-Dichloroethane 0/85 ND 0/85 NA NA
1,2-Dichloroethylene 0/51 ND 0/51 NA NA
1,2-Dichloropropane 0/85 ND 0/85 NA NA
2-Hexanone 0/51 ND 0/51 NA NA
Acetone 23/51 59.7 0/51 NA NA
Benzene 14/85 0.993 0/85 NA .NA
Bromodichloromethane 0/85 ND 0/85 NA NA
Bromoform 0/85 ND 0/85 NA NA
Bromomethane 0/85 ND 0/85 NA NA
Carbon disulfide 8/51 0.516 0/51 NA NA
Carbon tetrachloride 0/85 ND 0/85 NA NA
Chlorobenzene 0/85 ND 0/85 NA NA
Chloroethane 0/85 ND 0/85 NA NA
Chloroethene 1/85 0.155 0/85 NA NA
Chloroform 1/85 0.0562 0/85 NA NA
Chloromethane - 7/85 0.538 0/85 NA NA
Cis-1,3-Dichloropropane 0/85 ND 0/85 NA NA
Dibromochloromethane 0/85 ND 0/85 NA NA
Dichloromethane 3/85 21.6 0/85 NA NA
Ethyl benzene 2/85 0.157 0/85 NA NA
Methyl ethyl ketone 51 6.28 0/51 NA NA
Methyl isobutyl ketone 0/51 ND 0/51 NA NA
Styrene 0/51 ND " 0/51 NA NA
Tetrachloroethylene 0/85 ND 0/85 NA NA
Toluene 10/85 0.153 0/85 NA NA
Trans-1,2-Dichloroethylene | 0734 ND 034 NA NA
Trans-1,3-Dichloroethylene 0/85 ND 0/85 NA NA
Trichloroethylene 0585 ND 0/85 NA NA
Trichlorofluoromethane 934 1.95 0/34 NA NA
Vinyl acetate " 0/5L ND 0/51 NA NA
Xylenes 9/51 113 0/51 NA NA

NA = Not applicable

ND = Not detected (sample was below the quantification limit)
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Carbon Disulfide

Carbon disulfide was detected in surface soil sample (BRRP 04) at a concentration of 0.144 ug/kg
(0. 000144 mg/kg). Carbon disulfide was detected in 8 of 51 subsurface samples with a maximum
concentration of 0.516 ug/kg (0.000516 mg/kg),. These values are below the RBC of 7800 mg/kg.

Chloroform

Chloroform was not detected 'in any surface séil samples. Chloroform was detected in only one
subsurface soil sample, BRRP 15 at a depth of 20 - 22 feet, at a concentration of 0.0562 ug/ke (0.0000562
mg/kg). The RBC level for chloroform is 100 mg/kg, much higher than the level detected on site.

Chloromethane

Chloromethane was detected in three subsurface soil samples: BRRP 02 (0.225 ug/kg (0.000225 mg/kg)),
BRRP 04 (0.344 ug/kg (0.000334 mg/kg)), and BRRP 10 (0.0532 ug/kg (0.0000532 mg/kg)).
Chloromethane was detected in seven subsurface samples with a maximum detection of 0.538 ug/kg
(0.000538 mg/kg). All of these values are below the RBC of 49 mg/kg. Therefore, chloromethane
was not considered .a contaminant of concern when discilssing the nature and extent of
contamination at the BRRP.

Dichloromethane (Methylene Chloride)

Dichloromethane was detected in one surface sample, BRRP 15 at a concentration of 0.854 ug/kg

(0.000854 mg/kg). chhloromethane was detected in three subsurface samples: BRRP 15 at a depth of

10 - 12 feet with a concentrat_xon of 0.373 ug/kg (0.000373 mg/kg), BRRP 15 at a depth of 20 - 22 feet
with a concentration of 0.337 ug/kg (0.000337 mg/kg), and BRRP 11 at a depth of 25 - 27 feet with a
concentration of 21.6 ug/kg (0 0216 mg/kg). All concentratmns detected on site are less than the RBC

level of 85 mg/kg.

Ethyl benzene

Ethyl benzene was detec':'ted in one éurface sample, BRRP 16 with a concentration of 0.216 ug/kg
(0.000216 mg/kg). Ethyl benzene was detected in two subsurface samples: BRRP 13 at a depth of 13 -
15 feet and BRRP 16 at a depth of 14 - 16 feet, at concentrations of 0.157 ug/kg (0.000157 mg/kg) and
0.0778 ug/kg (0.0000778 mg/kg), respectively. The concentrations of ethyl benzene detected on site
are orders of magnitude below the RBC (7800 mg/kg).
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Methyl ethyl ketone

Methyl ethyl ketone was not detected in any surface soil samples. Methyl ethyl ketone was detected in
three subsurface samples: BRRP 03 at a depth of 15 - 17 feet (4.31 ug/kg (0.00431 mg/kg)), BRRP 14 at
a depth of 10 -12 feet (4.81 ug/kg (0.00481 mg/kg)), and BRRP 10 at a depth of 14 - 16 feet (6.28 ug/kg
(0.00628 ing/kg)). The concentrations detected are orders of magnitude below the RBC (47000 mg/kg)
for residential ingestion of soils.

Tetrachloroethylene )
Tetrachloroethylene was detected in one surface soil sample, BRRP 03, at a concentration of 0.427 ug/kg
(0.000427 mg/kg), below the RBC (12 mg/kg). Tetracchloroethylene was not detected in any

subsurface soil samples.

Toluene

Toluene was not detected in any surface soil samples. Toluene was detected in ten subsurface soil
samples from BRRP 01, BRRP 02, BRRP 03, and BRRP 15 at various depths. The maximum
concentration detected was 0.153 ug/kg (0.000153 mg/kg), below the RBC for soils (16000 mg/kg).

Trichloroethylene
Trichloroethylene was detected in two surface soil samples, BRRP 02 and BRRP 03, at concentrations of _
0.213 ug/kg (0.000213 mg/kg) and 1.52 ug/kg (0.00152 mg/kg), respectively. The concentrz;tions
detected on site are below the RBC (58 mg/kg) level for soils. Trichloroethylene was not detected in any
subsurface soil samples.

Trichlorofluromethane

Surface soils were not analyzed for the presence of trichlorofluromethane. Trichlorofluromethane was
detected in 8 of 34 subsurface samples. The maximum concentration of trichlorofluromethane detected
from soil samples was 1.95 ug/kg (0.00195 mg/kg). The maximum value is below the RBC level for
soils (23000 mg/kg).

e

Xylenes

Xylene was detected in three surface soil samples and in nine of 51 subsurface samples. The maximum
concentration of xylene detected in the surface soil was 1.03 ug/kg (0.00103 mg/kg) and the maximum
concentration detected in the subsurface soil was 1.13 ug/kg (0.00113 mg/kg), orders of magnitude below
the RBC ievel of 160000 mg/kg.

t
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5321 Summary

Small concentrations of volatile organic compounds were detected on site in both surface and subsurface
soils. The most frequently detected compounds detected on site were acetone, benzene, chloromethane,
toluene, and xylene. No volatile organic compounds were detected in concentrations greater than the
regulatory guidelines. Indeed, most compoimds were detected in concentrations several orders of
magnitude below the regulatofy guidelines. Therefore, volatile organic compounds are not considered
potential contaminants as far as the nature and extent of contamination is concerned at the BRRP

waste unit.

It should be noted that during drilling the OVA detected organic vapors at concentrations as high as 600
" ppm and turpentine-like orders were smelled- by the field crew. “Volatile organic compounds may be
present in the pit, but the analytical results suggest that for the most part they have not migrated to the
soils below the pit. ‘ '

533 Semi-Volatile Organic Compounds:

Table 5-23 summarizes the laboratory analytical results for semi-volatile organic compounds detected in
surface soils on site. Table 5-24 summarizes the laboratory analytical results for semi-volatile .

organic compounds detected in the subsurface soils on site.

1,3-Dichlorobenzene _
1,3-Dichlorobenzene was not detected in any surface soil samples. 1,3-Dichlorobenzene was detected in
one subsurface soil sample, BRRP 13; from a depth of 13 - 15 feet, at a concentration of 18.3 ug/kg
(0.0183 mg/kg). The concentration of this compound was found to be below the detection limit in this
duplicate for this sample., The CBC for subsurface soil samples could not be determined since the
background analyte concentrations were below quantification limits. The concentration was then
compared to the RBC level (7000 mg/kg) for soils and was found to be well below the RBC level.

—

1,4-Dichlorobenzene

1,4-Dichlorobenzene was detected in the two surface soil samples and three subsurface samples. The
highest concentration detected in the surface soil samples was 25.8 ug/kg (0.0258 mg/kg). The highest
concentration detected in the subsurface soil samples was 30.2 ug/kg (0.0302 mg/kg). Again, this
compound was detected in sample BRRP 13 from a depth of 13 - 15 feet, but was below the detection

i
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limit in the duplicate. The CBC for surface soil samples could not be determined since the

background analyte concentrations were below quantification limits. The subsurface soil sample.

was below the CBC (30.92 mg/kg) for subsurface soils. The maximum concentrations detected in
both the surface and subsurface soils are below the RBC (27 mg/kg) level for 1,4-dichlorobenzene.

2-Chlorophenol
2-Chlorophenol was detected in three surface soil samples and six subsurface soil samples at maximum

concentratioxis_of 6.67 ug/kg (0.00667 mg/kg). and 7.02 ug/kg (0.00702 mg/kg), respectively. 2-
chlorophenol background soil sample concentrations were below the quantification limits, therefore

the CBC does not exist for either the surface or subsurface soils. The RBC for soils (390 mg/kg) is
orders of magnitude greater than the concentrations detected on site. 4 :

2-Methyl Naphthalate

2-Methyl naphthalate was detected in two subsurface soil samples, with a maximum concentration of 9.02
ug/kg (0.00902 mg/kg). 2-Methyl naphthalate was not detected in any surface soil samples. 2-
Methyl naphthalate background soil sample concentrations were below the quantification: limits,

therefore the CBC does not exist for either the surface or subsurface soils. An RBC level has not _

been set for 2-methyl naphthalate.

Acenaphthene
Acenaphthene was detected in surface soil sample, BRRP 04 at a concentration of 5.9 ug/kg (0.0059

mg/kg). Acenaphthene was detected in two subsurface soil samples with a maximum concentration of

14.7 ug/kg (0.0147 mg/kg). Acenaphthené background soil sample concentrations were below the .
quantification limits, therefore the CBC does not exist for either the surface or subsurface soils. -

The RBC level for acenaphthene is 4700 mg/kg. Both of the maximum values detected at the BRRP

are well below this concentration.

Anthracene

Anthracene was detected in three surface soil samples and five subsgrface soil samples. The maximum
concentration of anthracene detected in surface soils was 7.38 ug/k/g (0.00738 mg/kg). The maximum
concentration detected in subsurface soil samples was 30.5 ug/kg (0.0305 -mg/kg). Anthracene
background soil sample concentrations were below the quantification limits, therefore the CBC
does not exist for either the surface or subsurface soils. The RBC level for anthracene is 23000

mg/kg. Both of the maximum values detected on site are below this level.

i
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Benzo(a)anthracene

Benzo(a)anthracene was detected in two surface soil samples, BRRP 04 and BRRP 05, at concentrations
of 32.1 ug/kg (0.0321 mg/kg) and 13.2 ug/kg (0.0132 mg/kg), respectively. Benzo(a)anthracene was
not detected in any subsurface soil samples. Benzo(a)anthracene background soil sample
concentrations were below the quantification limits, therefore the CBC does not exist for either the
surface or subsurface soils. The maximum value detected in the surface soils does not exceed the
RBC level of 0.88 mg/kg.

Benzo(a)pyrene

“Benzo(a)pyrene was detected in four surface soil and six subsurface soil samples:

Table 5-25 Benzo(a)pyrene Concentrations in Soil Samples

Concentration (ug/kg)

BRRP 04 0-2 317

I BRRP 15 0-2 5.53

| BRRP 16 0-2 187
BRRP 17 0-2 535
BRRP 12 6-8 4.68 |
BRRP 14 10-12 478 |
BRRP 10 12 -14 8.04 |
BRRP 10 14-16 3.68 “
BRRP 03 15-17  |290
BRRP 13 15-17 177 J

The maximum concentration detected in the surface soils was 31.7 ug/kg (0.0317 mg/kg). The
maximum concentration detected in the subsurface soils was 29.0 ug/kg (0.0290 mg/kg). This
constituent was not detected above sample quantification limits in the background surface or
subsurface soil samples. Therefore, there are no CBCs for bénzo(a)pyrene. The RBC level for
benzo(a)pyrene is 0.088 mg/kg. The maximum values detected in the samples did not exceed the
RBC level.

Benzo(b)fluoranthene

Benzo(b)fluoranthene was detected in four surface soil samples and three subsurface samples:
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~ Table 5-26 Benzo(b)fluoranthene Concentrations in Soil Samples

Sample Depth (ft) Concentration (uglkg) ’
BRRP 04 0-2 59.7
BRRP 05 0-2 4.91
BRRP 13 0-2 4.59
BRRP 15 0-2 ° 6.27
BRRP 12 8- 10 4.53 |
BRRP 10 12-14 9.14 jl
BRRP 13 15-17 294 "

The CBC for surface soils is 7.73 ug/kg or 0.00773 mg/kg. The background subsurface samples
were all below the sample quanitification limits; therefore, a CBC value for subsurface soils is not

available.

The CBC value for surface soils was exceeded at BRRP 04. The RBC level for

benzo(b)fluoranthene is 0.88 mg/kg or 880 ug/kg. This value was not exceeded in any of the surface

or subsurface soil samples.

Benzo(g,h,i)perylene
Benzo(g,h,i)perylene was detected in one surface soil sample (BRRP 16) at a concentration of 11.4 ug/kg

(0.0114 mg/kg) and in one subsurface soil sample (BRRP 12 from a depth of 6 - 8 feet) at a concentration

of 5.07 ug/kg (0.00507 mg/kg). No CBC or RBC limit exists for benzo(g,h,i)perylene.

Benzo(k)fluoranthene

Benzo(k)fluoranthene was detected in two surface soil samples and five subsurface soil samples:

Table 5-27 Benzo(k)fluoranthene Concentrations in Soil Samples

lLSample Depth (ft) Concentration (ug_/kiu -
BRRP 15 0-2 479
BRRP 16 0-2 9.93
BRRP 12 6-8 5.07
BRRP 17 10-12 4.74
BRRP 10 12-14 10.2
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Table 5-27 Benzo(k)fluoranthene Concentrations in Soil Samples (continued)

Sample Depth (ft) Concentration (ug/kg) I

BRRP 10 14-16 442 |

BRRP 03 15-17 50 I

There is no CBC with which to compare the surface and subsurface soil samples. The RBC level

for this constituent is 8.8 mg/kg or 8800 ug/kg. None of the concentrations detected exceeded the
RBC level for benzo(k)fluoranthene.

Benzoic Acid

Benzoic acid was not detected in any surface soil samples. Benzoic acid was detected in two subsurface
soil sampies, with a maximum concentration of 22.4 ug/kg (0.0224 mg/kg). There is no CBC for the
subsurface soil samples since the background data was below quantification limits for benzoic acid.
The RBC level for benzoic acid is 310000 mg/kg. None of the subsurface soil samples exceeded this

value.

Bis(2-ethylthexyl)phthalate

Bis(2-ethylhexyl)phthalate was detected in two surface soil samples and four subsurface soil samples:

Table 5-28 Bis(2-ethylhexyl)phthalate Concentrations in Soil Samples

=

Sample Depth (ft) Concentration (ug/kg)

BRRP 02 0-2 65.1

BRRP 04 0-2 38

BRRP 17 14-16 29.9

BRRP 03 15-17 545

BRRPO4-  |20-22 745 -
BRRP 06 20-22 51.5

There is no CBC for screening purposes. The background data, surface and subsurface, were all
below the quanitfication limit for this compound. All concentrations detected in soils are less than
the RBC for soils (46 mg/kg or 46000 ug/kg).
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Butylbenzene phthalate '

Butylbenzene phthalate was detected in two surface soil samples and in three subsurface soil samples.
The maximum concentration detected in the surface soils was 5.19 ug/kg (0.00519 mg/kg). The
maximum concentration detected in the subsurface soils was 51.5 ug/kg (0.0515 mg/kg). The

background data, surface and subsurface, were all below the quantification limit for butylbenzene
- phthalate. All concentrations detected in the soil are below the RBC for soils (16000 mg/kg).

Chrysene

Chrysene was detected in two surface soils and four subsurface soils:

Table 5-29 Chrysene Concentrations in Soil Samples

" Sample Depth (ft) Concentration (ug/kg)
BRRP 04 0-2 33.6
BRRP 16 0-2 16.1
BRRP 12 6-8 9.75
BRRP 12 8-10 5.66
l BRRP 03 15-17 35.7
I BRRP 13 15-17 16.2

Since the background analyte concentrations were all below the sample quanitfication limits, there
is no CBC for surface or subsurface soils. The RBC level for chrysene is 88 mg/kg or 88000 ug/kg.
None of the concentrations detected exceeded the RBC level for chrysene.

Di-n-butyl phthalate
Di-n-buty] phthalate was detected in one subsurface soil sample at a concentration of 52.2 ug/kg. It.was

not detected in any surface soil samples. The CBC for subsurface soil, 26.1 ug/kg, was not excéed_ed
in the sample. There is no RBC level for di-n-butyl phthalate.

Di-n-octyl phthalate

Di-n-octyl phthalate was detected in two surface soil samples and five subsurface soil samples. The
maximum concentration detected in the surface soil samples was 498 ug/kg (0.498 mg/kg). The
maximum concentration detected in the subsurface soil samples was 545 ug/kg (0.545 mg/kg).
There is no CBC to screen against for either the surface or subsurface soil samples. The CBC does
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not exist because the background concentrations were all below sample quantification limits. The

RBC level, 1600 mg/kg, was not exceeded in any of the soil samples.

Dibenzofuran

Dibenzofuran was detected in three subsurface soil samples. It was not detected in any surface soil
samples. The maximum subsurface sample concentration detected was 12.8 ug/kg. No CBC for
surface or subsurface soils exists for dibenzofuran. The RBC level, 310 mg/kg or 310000 ug/kg, was

not exceeded in any of the subsurface soil sami)les.

Fluoranthene

Fluoranthene was detected in four surface soil samples and twelve subsurface samples. The maximum
concentration of fluroanthene detected was 236 ug/kg (0.236 mg/kg) in the subsurface soils. The
maximum value detected in the surface soils was 75.2 ug/kg (0.0752 mg/kg). The surface soil CBC
is 5.92 ug/kg. This concentration was exceeded in two of the four surface soil samples (BRRP 04
and BRRP 16). There is no CBC for the subsurface soils. The RBC level (3100 mg/kg) for

fluoranthene was not exceeded in any of the surface or subsurface samples.

Fluorene
Fluorene was detected in three subsurface soil samples and was not detected in any surface soil .
samples. The maximum concentration of fluorene detected on site was 22.9 ug/kg (0.0229 mg/kg).

There is no CBC for the subsurface soils since the concentrations detected were all below the

quanitfication limits. The maximum concentration detected in the subsurface soil samples dees not
exceed the RBC level of 3100 mg/kg.

Indeno(1,2,3-c,d)pyrene ) )
Indeno(1,2,3-c,d)pyrene was detected in one surface soil sample and in two subsurface soil samples. The
maximum concentrations detected were 11.8 ug/kg (0.0118 mg/kg) and 21.4 ug/kg, (0.0214 mg/kg)
in the surface and subsurface soils, respectively. There are no CBC for either the surface or
subsurface soils since the background soil sample concentrations were all below the sample
quantification limits. The RBC level of 0.88 mg/kg was not excéeded in any of the soil samples.

Napthalene
Napthalene was detected in three subsurface soil samples. It was not detected in any surface soil

samples. The maximum concentration detected in the subsurface soil was 90.1 ug/kg (0.0901 mg/kg).
A CBC value daes not exist for napthalene since the background soil sample concentrations were
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below the sample quantification limits. The maximum concentration detected in the s'ubsurface
soils was less than the RBC leve] of 3100 mg/kg.

Pentachlorophenol .
Pentachlorophenol was detected “in two surface soil samples and one subsurface soil sample. The
maximum concentrations detected in the surface and subsurface soils were 90.1 ug/kg (0.0901 mg/kg)
and 19.6 ug/kg (0.0196 mg/kg), respectively. The CBC for the surface soil, 19.55 ug/kg, was not
exceeded. There is no CBC for the subsurface soils since all concentrations were below the sample
quantification limit. Both the surface and subsurface values are less than the RBC (5.3 mg/kg).

Phenanthrene

Phenanthrene was detected in three surface soil samples and seven subsurface samples. The maximum
concentration of phenanthrene detected in the surface soil was 47.2 ug/kg (0.0472 mg/kg). The
maximum concentration of phenanthrene detected in the subsurface soil was 117 ug/kg-(0.117 mg/kg).
The CBC for phenanthrene in the surface soils is 4.72 ug/kg. This value was exceeded in all three
surface samples. There is no CBC for the subsurface soils since the background concentrations
were below the sample quantification limit. The detected surface and subsurface soil .
concentrations are below the RBC level of 5.3 mg/kg.

Pyrene A '

Pyrene was detected in five surface soil samples and 11 subsurface samples. The maximum
concentration of pyrene detected in the surface soils was 66 ug/kg (0.066 mg/kg). The maximum
concentration of pyrene detected in the subsurface soils was 111 ilg/kg (0.111 mg/ké). The CBC for .
pyrene were 13.82 ug/kg and 22.37 ug/kg for surface and subsurface soils, respectively. The
maximum values for the surface and subsurface samples exceeded these CBCs. However, the RBC
level (2300 mg/kg) for pyrene was not exceeded. Figures 5-9 and 5-10 have been plotted to show the
concentrations of pyrene.

5.3.3.1 Summary

—’/

Laboratory analysis revealed that the concentrations of four contaminants at the BRRP,
benzo(b)fluoranthene, fluoranthene, phenanthrene, and pyrene, exceeded the CBC for the
contaminants, Benzo(b)fluoranthene, fluoranthene, and phenanthrene exceeded the CBC for the
surface soils. Pyrene exceeded the CBC for both the surface and subsurface soils. However, these
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contaminants were below their respective RBC levels. Di-n-octyl phthalate had no CBC, but was
detected below the RBC level. ‘The following compounds for which no CBC nor RBC valite exists
were detected on site: 2-methyl naphthalene and benzo(g,h,i)perylene. The remaining constituents
may have exceeded their respective CBC, but were below the RBC level for the constltuent

Therefore, they were not considered as contaminants of concern at the BRRP.
5.34 Pesticides, PCbs, and Dioxins/Furans

Only one compound in this group was detected in soil samples. Aldrin was detected in a sample from
BRRP 01 from a depth of 12 - 14 feet at a concentration of 0.694 ug/kg (0.000694 mg/kg). No other

pesticides, PCBs, or dioxins/furans for which the samples were tested were detected in soils.

There ‘were no pesticides, PCBs, or dioxins/furans detected in any surface or subsurface
background samples above detection limits. The concentration of aldrin detected at BRRP 01 is
below the residential RBC level of 0.038 mg/kg. Therefore, aldrin was not considered as a potential
contaminant at the BRRP.

5.3.5 Radionuclides and Radionuclide Indicators

Tables §-30 and 5-31 summarizes the laboratory analytical results for radionuclides-in surface and
subsurface soils on site, respectively. The CBC and/or PRGs were exceeded by the maximum
concentrations noted in actinium-228 (surface and subsurface), cobalt-60 (subsurface), europium-
154 (subsurface), europium-155 (subsurface), lead-212 (surface and subsurface), manganese-54
(surface and subsurface), neptunium-239 . (surface and subsurface), zinc-65 (subsurface), and
zirconium-95 (subsurface). There were three constituents in which the maximum concentrations
exceeded the CBC; however, a PRG was not available for these constituents. These three
constituents were gross alpha, nonvolatile beta, and promethium-146. Promethium-144 has no
CBC level nor does a PRG exist for it. It.should be noted that gross alpha, nonvolatile beta,
actinium-228, and lead-212 are considered naturally occurring radionuclides.

Figures 5-11 and 5-12 show the lead-212 concentrations as found in the soil boring samples. Figures
5-13 and 5-14 show the neptunium-239 concentrations as found in the soil boring samples. Values
which exceed the CBC are underlined. Those that exceed the RBC are highlighted.
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Table 5-31 Summary of Subsurface Soil Samples - Radionuclides and Radionuclide Indicators

Radionuclides & | Frequency | Subsurface Soil Sample | Number Soil Boring Number Depth | Number Soil Boring Number Depth
Radionuclide of Concentration (pCi/g) | > CBC (feet) | >PRG (feet)
Indicators Detection
Maximum Detected -
Actinium-228 40/51 4.39 4/51 BRRP 01, 15-17 14-16 4/51 BRRP 01, 15-17 14-16
Antimony-124 . 151 0.60509 NC NA NA 0/51 NA NA
Antimony-125 4/51 0.0171 NC NA NA 0/51 NA NA
Barium-133 3/51 0.223 NC NA NA 0/51 NA NA
Cerium-144 2/51 0.153 NC NA NA 0/51 NA NA
Cesium-134 1/51 0.00429 1/51 BRRP 08 14-16 0/51 NA NA
Cesium-137 7/51 0.0186 1/51 BRRP 10 10-12{ 0/51 NA NA
Cobalt-57 0/51 ND 0/51 NA NA 0/51 NA NA
Cobalt-58 \ 2/51 0.0233 1/50 BRRP 17" 14-16 0/51 NA NA
Cobalt-60 3/51 0.00644 NC NA NA 1/51 BRRP 17 14- 16
Europium-152 0/51 ND 0/51 NA NA 0/51 NA NA
Europium-154 1/51 0.0117 NC NA NA 1/51 BRRP 15 14-16
Europium-155 45/51 1.18 4/51 BRRP 15-17 14-16§ 4/51 BRRP15-17 14-16
BRRP 03 17-19 BRRP 03 17-19
Gross alpha 40/51 348 10/51 BRRP 02 8-10 | NR NA * NA
BRRP 02 10-12
BRRP 11 12-14
BRRP 01, 16 14-16
BRRP 0S5 15-17
BRRP 05 17-19
BRRP 03,05 19-21
BRRP 06 22-24
Lead-212 44/51 4.39 4/51 BRRP 01, 15-17 14-16 4/51 BRRP 01, 15-17 14 - 16
Manganese-54 45/51 0.0755 3/51 BRRP 08 12-14 ] 38/51 BRRP 02 8-10
BRRP15-16 14-16 BRRP 01-02, 08-12,14-17 | 10-12
BRRP 01-02,08, 10,11, | 12-14
14-17
BRRP09-11,14-17 | 14-16
BRRP 05, 13 15-17
BRRP 07-08 16-18
BRRP 05 17-19
BRRP 07 18-20
BRRP 03,05 19-21
BRRP 04, 07 20-22
Neptunium-239 45/51 2.84 3/51 BRRP 15-17 14-16 § 3/51 BRRP 15-17 14-16
Nonvola;ile beta 45/51 25.8 NC NA NA NR NA NA

NA = Not applicable

NC = No criterion background concentration
ND = Not detected (sample was below the quantification limit)
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Table 5-31 Summary of Subsurface Soil Samples - Radionuclides and Radionuclide Indicators

(continueci)

Radionuclides & | Frequency | Subsurface Soil Sample | Number | Soil Boring Number Depth | Number Soil Boring Number Depth
Radionuclide of Concentration (pCi/g) | > CBC (feet) { >PRG (feet)
Indicators Detection .
Maximum Detected
Potassium-40 48/51 1.82 0/51 NA NA 48/51 BRRP 02 8-10
BRRP 01-02, 08-12,14-17 | 10.12
BRRP 01-02, 0811, 14-17 | 12-14
BRRP 01, 08-11, 14-17 14-16
BRRP 03, 05,13 15.17
BRRP 04, 06-07 16-18
BRRP 03, 05, 13 17-19
BRRP 04, 06, 07 18-20
BRRP 03,05 19-21
BRRP 04, 06, 07 20-22
Promethium-144 2/51 1.79 NC | - NA NA NR NA NA
Promethium-146 42/51 0.0284 8/51 BRRP 01, 08 12-14 NR | NA NA
’ BRRPOL, 15,1617 | 14-16
BRRP 13 15-17
BRRP 03 19-21
Ruthenium-106 5/51 0.102 5/51 BRRP 11 12-14 0/51 NA NA
BRRP 01,13, 16 14-16
BRRP 13 17-19
Sodium-22 3/51 0.0052 NC NA NA 0/51 NA NA
Thorium-234 36/51 ' 2.17 9/51 BRRP 09 10-12 0/51 NA NA
BRRP 02, 08 12-14
BRRP 01, 15, 16 14.16
' BRRP 05 15-17
BRRP 03 19-21
BRRP 04 20-22
Tin 113 ' 1/51 0.00174 0/51 NA NA 0/51 NA NA
Tritium 17/51 8.7 NC NA NA 0/51 NA NA
Yttrium-88 5/51 0.00503 0/51 NA NA Nli NA NA
Zinc-65 6/51 0.0299 4/51 BRRP 16 10-12 /51 BRRP 17 14-16
BRRP11. 12-14 )
BRRP 1], 17 14-16
Zirconium-95 35/51 0.105 23/51 BRRP 01, 08, 11-12, 14- | 10-12 22/51 | BRRPO1,08,11-12,14-16 | 10-12
. 16 BRRP 01, 11, 16-17 12-14
BRRP 01, 09, 11, 16-17 12-14 BRRP 01, 08, 09, 10-11, 14-16
BRRP 01, 08, 09, 10-11, | 14-16 15-17
15-17 BRRP 07 16-18
BRRP 07 16-18 BRRP 07 18-20
BRRP 07 18-20 BRRP 07 20-22
BRRP 07 20-22 . =
NA = Not applicable NC = No criterion background concentratioa ND = Not detected (sample was below the guanliﬁcaﬁon

imit)
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5.3.6 ICLP

The TCLP is a laboratory procedure used to determine if a solid waste exhibits the characteristic of
toxicity. If concentrations from the extract of the waste exceed or equal regulatory limits, the waste is
considered to be hazardous. The TCLP was carried out on samples from all seventeen sampling
locations. The laboratory analytical results are displayed in Appendix J. No"samples tested had

concentrations greater than the TCLP limits.
5.4 Groundwater

B and C monitoring wells are screened in the "Lower" aquifer zone of the Upper Three Runs Aquifer.
Screens on the B designation wells are set within the lower portion of the "Lower" aquifer, while C wells
are situated in the upper portion of the "Lower" aquifer. There are three nests of B and C wells (wells 6B,
6C, 7B, 7C, 8B, and 8C) siutated approximately 150 to 500 feet from the site. Monitoring wells
designated D are screened in the "'Upper" aquifer zone of the Upper Three Runs Aquifer. There are eight
monitoring wells designated as D. Five wells (1D through 5D) surround the BRRP area and three (6D,
7D, and 8D) are nested with the corresponding B and C monitoring wells (see Figure 4-23 for monitoring
wells locations). Groundwater samples were collected quarterly (from the fourth quarter of 1993 to the

second quarter of 1994) from these 14 monitoring wells.

At the BRRP, monitoring wells 6B, 6C, 6D, 7B, 7C, and 7D are considered to be upgradient. However,
the entire site is downgradient of the SRS F-Area Separation Facilities and the entire BRRP well network

may be impacted by groundwater migration from the F-Area.
5.4.1 Upper Aquifer Zone Monitoring Well Analytical Results
Table 5-32 summarizes the results of groundwater sampling D wells.

54.1.1 Target Analyte List (TAL) Constituents

A total of 22 TAL constituents were detected in groundwater samples collected at the BRRP site. Three
analytes (aluminum, iron, and manganese) had concentrations that surpassed SDWA standards. The other
detected analytes did not exceed Maximum Contaminant Levels specified in SDWA.
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The secondary MCLs for aluminum, iron, and manganese were exceeded during the study. Although
none of the wells had aluminum concentrations that exceeded the Secondary (2°) MCL in 1993, in the
first quarter of 1994 seven of eight water table monitoring well had levels that exceeded the 2° MCL of
200 ug/L and aluminum was detected in all of the groundwater samples. The aluminum concentrations
ranged from 34.9 ug/L (BRR 5D) to 8280 ug/L (BRR 7D) with only BRR 5D having_f a level less than the
2° MCL during the sampling in the second quarter of 1994. Aluminum was detected in each of the wells

with concentrations detected ranging from 38 ug/L (BRR 8D) to 1230 ug/L (BRR 7D).

The presence of iron was not analyzed for during the 1993 fourth quarter sampling. Iron was detected in
each monitoring well sample during the first and second quarter 1994 sampling, and levels exceeded 2°
MCL (300 ug/L) in six of the wells. Only monitoring wells BRR 6D and BRR 8D had levels of iron
below the standard. Iron concentrations ranged from 32.8 ug/L (BRR 8D) to 7870 ug/L (BRR 7D) during
the first quarter and from 21.9 ug/L(BRR 8D) to 2920 ug/L (BRR 7D) during the second quarter.

Analysis for the TAL constituent manganese was not performed during the 1993 quarterly sampling.
Analysis for manganese was included with the first and second quarter 1994 sampling, and manganese
was detected. With the first quarter analysis, manganese concentrations exceeded the 2° MCL of 50 ug/L
in three wells (BRR 2D, BRR 6D, and BRR 7D). Manganese was detected in each of the eight samples
and the levels ranged from 29 ug/L (BRR-3D) to 121 ug/L (BRR 6D). Second quarter sampling showed
that manganese levels exceeded the 2° MCL in two wells (BRR 6D and BRR 7D) while the constituent
was present in all of the water table well samples. Concentrations ranged from 30.7 ug/L (BRR 1D) to
117 ug/L (BRR 6D).

Among the other TAL constituents that were detected were chromium, copper, lead, mercury, and nickél.
Chromium was detected during the 1994 sampling events in wells BRR 3D, BRR 4D, and BRR 7D. The
highest detected concentration of chromium was 37.9 ug/L in BRR 7D during the first quarter of 1994.
Copper was detected in groundwater samples during each of the three quarters. It was detected in each of

the eight water table wells during the sampling program. Well BRR 3D has the highest detected

concentration of copper with a level of 68.6 ug/L during the second quarter of 1994. Lead was detected in
sampling conducted during the third and fourth quarters of 1993. Lead was also detected during the first
and second quarters of 1994. Detected lead concentrations were compared to the SDWA standard, a
nonenforceable, "at the tap* action level of 15 ug/L. Concentrations in wells BRR 1D, BRR 2D,
and BRR 3D exceeded the "at the tap" action level for lead. The highest concentration of lead
detected was 36.9 ug/L in well BRR 1D during second quarter 1994. Mercury was detected in the
groundwater from wells BRR 1D through BRR 6D, but oﬁly during‘the 1994 sampling events. The
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highest concentration detected was 0.1 ug/L in BRR 1D during the second quarter of 1994. Nickel was
present in samples collected during each sampling quarter and was found in each of the water table wells
during the sampling program. The highest concentration detected in the samples was 32 ug/L in BRR 7D
during the second quarter of 1994.

Among the TAL constituents detected, two analytes could be potentially migrating from the BRRP site

into the groundwater. These two (copper and lead) are bresent in upgradient wells BRR 6D and BRR 7D,

but were detected in mush greater levels in the downgradient wells.

54.1.2 Base/Neutral/Acid (BNAs)

No BNAs were detected during the 1993 sampling event. Groundwater sampling results for the first and
second quarters of 1994 showed the presence of six BNAs. Detected in the samples were bis(2-
ethylhexyl) phthalate, 2-chlorophenol, dimethyl. phthalate, di-n-butyl phthalate, isophorone, and pyrene.
None of these compounds had concentrations that exceeded MCLs. 2-Chlorophenol was detected in
samples collected during the first quarter of 1994 from four wells (from BRR.2D and from BRR 5D
through BRR: 7D), and was present at a highest concentration of 0.16 ug/L. Isophorone was detected at a
concentration of 0.16 ug/L in a sample collected from BRR 6D during the first quarter of 1994. Pyrene
was present at a concentration of 0.23 ug/L in the BRR 1D sample collected during the second quarter of
1994. Bis(2-ethylhexyl) phthalate was detected in each of the wells, while dimethyl phthalate and di-n-
butyl phthalate were present on one sample each. Bis(2-ethylhexyl) phthaiate concentrations detected
ranged from 0.25 ug/L (BRR 5D) to 4.63 ug/L (BRR 4D). Dimethyl phthalate was found in BRR ID ata
concentration of 0.14 ug/L and di-n-butyl phthalate was present in the BRR 4D sample with a

concentration of 0.53 ug/L.

54.1.3 Yolatile Organics

During the three quarters of groundwater sampling, 18 volatile organic compounds were detected in the

water table monitoring wells. Among the compounds present were benzene, carbon tetrachloride,

chloroform, dichloromethane, tetrachloroethylene (PCE), toluene, 1,1,1-trichloroethane (TCA),
trichloroethylene (TCE),and xylenes. None of the detected volatile organic compounds had
concentrations that exceeded an MCL. Benzene was found in samples from wells BRR 1D through BRR
4D with the highest concentrationsin BRR 3D and BRR 4D (0.11 ug/L). Carbon tetrachloride was
detected at concentrations up’to 4.45 ug/L. (BRR 8D) and was present in samples from BRR 4D, BRR 7D, |
and BRR 8D. Chloroform was detected at concentrations ranging from 0.06 ug/L (BRR 4D) to 0.68 ug/L
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(BRR 7D} and was present in wells BRR 2D through-BRR 4D and BRR 6D through BRR 8D.
Dichloromethane ‘was detected in wells BRR 1D, BRR 2D, BRR 6D, and BRR 7D with detected
concentrations ranging from 0.33 ug/L (BRR 7D) to 1.3 ug/L. (BRR 2D). Detected PCE concentrations
ranged from 0.11 ug/L (BRR 3D) to 0.51 ug/L (BRR 7D) and the compound was presnet in all of the
monitoring wells except BRR 6D. Toluene was detected in samples collected from each well during the
sampling program with the highest concentration (0.6 ug/L) found in well BRR 5D. TCA was found in
samples collected from BRR 1D, BRR 4D, and BRR 5D with the highest concentration being 0.33 ug/L.
TCE was found in wells BRR 2D through BRR 4D and BRR 6D through BRR 8D with the highest
concentration (2.44 ug/L) detected in BRR 8D. Xylene compounds were detected in well BRR 8D only at

a concentration of 0.1 ug/L.

Several -volatile organic' compounds present in the groundwater may be attributable to contamination
arising from the BRRP site. Three compounds (1,1-dichloroethane, 1,2-dichloropropane, and 1,1,1-
trichloroethane) -were detected in downgradient groundwater well samples, but were not present in the
upgradient (BRR 6D and-BRR 7D) groundwater samples. This suggests that the BRRP site may be
contributing to the contamination of groundwater. Another compound, carbon tetrachloride, is present in
upgradient and downgradient groundwater samples, although the concentration is mush greater in the
downgradient than upgradient samples. ‘However, the présence of carbon tetrachloride may not be
attributable to the BRRP since groundwater in the upgradient wells also contained the compound. The
increased level of carbon tetrachloride in the downgradient wells may be theresult of contaminant plume
migration from an off-site upgradient area. The results of the Hydrocone groundwater sampling also

suggest this interpretation.

54.1.4 Pesticides/PCBs

The only pesticide detected in the groundwater samples was 2,4,5-T which was present in 1994 samples
from monitoring wells BRR 6D and BRR 7D. The concentrations were 0.36 ug/L in BRR 6D and 0.38
ug/L in BRR -7D and neither of these levels exceeed thé MCL for 2,4,5-T. No PCBs were detected in

any of the groundwater samples.

5.4.1.5 Radionuclides and Radionuclide Indicators

A total of 20 radionuclides and two radionuclide indicators were detected in the water table aquifer
groundwater sampling program. Among those detected were lead-212, neptunium-239, radium (total

alpha-emitting), tritium, the gross alpha particle activity indicator, and the nonvolatile beta particle
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activity indicator. During the first and second quarters of 1994, lead-212 was detected in samples from
wells BRR 3D and BRR 5D through BRR 8D with the highest detected valué (10.2 pCi/L) found in BRR
5D and BRR 6D. Neptunium-239 was detected once, in well BRR 2D, at an activity of 6.9 pCi/L during
the 1994 second quarter sampling. Detected during the fourth quarter of 1993 and the first quarter of
1994 in wells BRR 1D through BRR 3D and BRR 5D through BRR 8D, total alpha-emitting radium was
present at activity levels ranging from 0.3 pCi/L (BRR 8D) to 9.4 pCi/L (BRR 3D). -Tritiu;;l was present
in each of the samples collected during 1993 and the first quarter of 1994 with activities ranging from
6.29 pCi/ml (BRR 1D) to 212 pCi/ml (BRR 3D). Analysis for the gross alpha particle activity was
performed in 1993 and the first quarter of 1994. Alpha particle activity was detected in all of the wells
except BRR 6D with the highest level (9.64 pCi/L) present in BRR 3D. Nonvolatile beta particle activity
was detected in each of the wells with the highest level (13.5 pCi/L) present in BRR 3D.

Risk based preliminary remediation goals (PRGs) for radionuclides were compared to the radionuclide
concentrations detected in groundwater. The PRGs are for residential water use and correspond to a
screening level associated with a risk of 1E-06. Cerium-144 was detected in a sample from BRR 8D from ‘
the first quarter of 1994 at a concentration of 19.7 pCi/L which exceeds the PRG of 0.0371 pCi/L.
However, it should be noted that a laboratory error of +/- 16.5 pCi/L level is associated with the measured
concentration. Ruthenium-106 was detected in the BRR 8D sample from the second quarter of 1994 at a
concentration (15.8 pCi/L -+/- 12 pCi/L) that exceeds the PRG of 0.0286 pCi/L. Five samples contained
thromium-234 in concentrations that exceeded the PRG of 0.383 pCi/L._It should be noted that the
samples from BRR 6D, considered to be an upgradient well, contained high concentrations (92.3 pCv/L
and 318 pCi/L), suggesting that the BRRP is not the source of thromium-234 in the groundwater. Tritium

was detected in upgradient as well as downgradient wells. Some of the concentrations in downgradient
wells were an order of magnitude greater than in upgradient wells, suggesting that the BRRP may

contribute to tritium contamination in the groundwater.

54.1.6 General Chemistries

Groundwater samples from the BRRP site were also analyzed for several general chemistry parameters,
and two general chemistry standards were exceeded. The MCL for nitrate and nitrite (as nitrogen) is set
as 10,000 ug/L.. A groundwater sample collected from BRR-3D during the first quarter of 1994 had
nitrate/nitrite (as nitrogen) concentation of 31,000 ug/L. Nitrate/nitrite (as nitrogen) was present in each
of the eight wells at concentrations ranging from 990 ug/L to 31,000 ug/L. This analysis was only
performed on samples collected during the first quarter of 1994. Although it was detected in upgradient

wells, the level of nitrate/nitrite (as nitrogen) is much greater in downgradient well BRR 3D. This may
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suggest that the BRRP site has contributed to the contamination of the site, although it may also be the

result of contaminant plume migration from the upgradient groundwater wells.

The 2° MCL pH range for water is set as 6.5 to 8.5. Each groundwater samples analyzed for it§ pH value
during the investigation (five in 1993, three each in the first and seond quarters of 1994) had a pH value
less than the lower limit of the 2° MCL range. Values for pH ranged from 5.24 to 6.08.

54.1.7 Summary

In the "upper zone" (D screen) of the Upper Three Runs Aquifer, four analyses showed contaminant
levels that exceeded primary MCLs. Analyses performed for nitrate/nitrite (as nitrogen) had
concentrations exceeding the SDWA standards in monitoring well BRR 3D (for nitrate/nitrite).
Nitrate/nitrite (as nitrogen) has a primary MCL of 10,000 ug/L. The MCL was exceeded in the sample
collected from well BRR 3D during the first quarter of 1994 with a detected concentration of 3 1,000 ug/L.
Concentrations of four radionuclides, cerium-144, ruthenium-106, thorium-234, and tritium, exceeded
PRGs. Only gross alpha (BRR 3D, 3Q93), thorium-234 (BRR 2D, 1Q94), and tritium (various wells)
exceeded the primary SDWA standards. Table 5-33 summarizes the groundwater contamination
concentrations for the D monitoring wells. Planar maps (Figures 5-15 and 5-16) depict the analyte
concentrations that exceed MCLs.

Lead was detected in 1994 samples collected from BRR 1D (with concentrations of 16 ug/L and 36.9
ug/L). Lead was present in groundwater collected from BRR 3D during all four quarters and
concentrations ranged from 17.9 ug/L to 21 ug/L. The lead SDWA standard is 15 ug/L..

54.2 Lower Aquifer Zone Monitoring Well Analytical Results - Upper Portion

Six wells (BRR 6B, BRR 7B, BRR 8B, BRR 6C, BRR 7C, and BRR 8C) are screened within the Lower
Aquifer Zone of the Upper Three Runs Aquifer. Monitoring wells BRR 6C, BRR 7C, and BRR 8C are
screened within the upper portion of the Lower Aquifer Zone (UP-LAZ) of the Upper Three Runs
Aquifer. Groundwater sampling was conducted for these wells during the first and second quarters of

1994. Table 5-34 presents a summary of the analytes detected in UP-LAZ monitoring wells.
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Table 5-34 Analyte Concentration Summary for the UP-LAZ, Monitoring Wells
| ANALYTE |FREQUENCY| BRR 6C | BRR7C BRR 8C MCL
. DETECTED | RANGE RANGE RANGE
VOLATILE ORGANICS (ug/L)
Acetone 16 U U-6.96 U NR
Benzene 2/6 uU. 0.06 - 0.07 U 5
Carbon 416 0.06.- U 0.12-0.14 5
Tetrachloride
Chloroform 6/6 0.16-0.22 0.17-0.22 - 0.05-0.07 100
Dichloro- 46 U-035 0.3-048 U-0.48 5
' methane
1,1,2,2- 1/6 lu U-0.06 U NR
Tetrachloro- A
ethane ,
Tetracl.llor0~ 4/6 U 0.25-0.3 0.08 5
ethylene
Toluene 6/6 0.11-0.13 0.1-0.16 0.14-0.15 1000
Trichloro- 6/6 2.68-3.12  [2.02-21 0.53-0.77 5
eihylene
SEMI-VOLATILE ORGANICS (ug/L) )
Bis(2-ethyl- 3/6 :U 0.65-13 U-035 NR
hexyl);'Jhthalate
2-Chlorophenol | 1/6 U U-0.17 U NR
Dinbuyl | 1/6 U U-1.39 U NR
 phthalate
Isophorone | 1/6 U U-152 U NR
Pyrene 1/6 U U U-0.18 NR
PESTICIDES/PCBs (ugll)
245T |23 oz 0.39 U NR
TARGET ANALYTE LIST (ug/L)
Aluminum 6/6 33.9-1590 | 106- 473 52.5-52.9 NR
Arsenic 1/6 U U-232 U 50

U = Not detected
NR =No regulatory level (MCL)
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Table 5-34 Analyte Concentration Summary for the UP-LAZ Monitoring Wells (continued)

ANALYTE FREQUEN@ BRR 6C BRR 7C BRR 8C MCL
DETECTED RANGE RANGE RANGE
TARGET ANALYTE LIST (ug/L) "
Barium 6/6 6.81 16.5-194. 842-9.38 2000 "
Beryllium 6/6 0.14-048 0.04 - 0.06 0.15 4 IP
Boron 2/6 U-31.2 U-33.1 U NR
Calcium 6/6 1800 - 1910 15000 - 16500 | 1450 - 1490 NR
Chromium 4/6 2.82-6.16 599-19.3 8] 100
Cobalt 4/6 0.85-1.61 U 0.64-0.87 NR
Copper 6/6 1.11-148 342-949 1.72-11.8 1300
Iron 4/6 34.2-1650 80.2-523 U NR
Lead 6/6 2.26 - 2.31 247-4 1.78 - 3.01 15%
Magnesium 6/6 293 - 434 631-93 1- 593-613 NR
Manganese 6/6 26.4-38.6 3.29-5.02 8.82-11 NR
Nickel 5/6 2.05-4.25 9.19-33.9 U-2.08 100 |
Potassium 6/6 380-514 1270 - 1600 229 - 258" NR
Sodium 6/6 7050 - 7900 24700 - 30500 | 1940 - 2070 NR
Vanadium 416 0.37-3.65 9.49-16.3 U . NR
Zinc 6/6 21.4-34.2 3.64-234 46-7.83 NR
Cyanide 4/6 U-1.7 1.7-22 U-1.7 200
RADIONUCLIDES and RADIONUCLIDE INDICATORS (pCi/L)
Actinium-228 | 1/6 U-6.06 U U NR
Gross alpha 3/3 244 2.68 1.04 15
Antimony-125 | 1/6 U U U-49 NR
Barium-133 1/6 U U-11.8 U NR -~
Nonvolatile 2/3 61 2.51 U NR
beta
| Cerium-144 1/6 U-175 U U NR

*The SDWA standard for lead is a nonenforceable “at the tap" action level.

U = Not detected

NR = No regulatory level (MCL)

5-104



Final RFI/RI Report for the
Burma Road Rubble Pit

WSRC-RP-94-1217, Rev. 1
July 1995

Table 5-34 Analyte Concentration Summary for the UP-LAZ, Monitoring Wells (continued)

¢

FREQUENCY

BRR 6C

—_—

ANALYTE BRR 7C BRR 8C MCL
DETECTED RANGE RANGE RANGE

RADIONUCLIDES and RADIONUCLIDE INDICATORS (pCi/L)
Europium-154 | 1/6 U-535 U U NR
Lead-212 4/6 U-10.5 5.69 - 9.59 U-6.8 NR
Potassium-40 | 3/6 U-375 U-324 U-313 NR
Promethium- | 1/6 §) U U-28 NR
144
Ruthenium-106 | 1/6 U U U-70 NR
Thorium-234 | 5/6 186 - 212 U- 151 97.6 - 102 NR
Tritium 33 4217 168 10.2 20
(pCi/mL)
Yttrium-88 1/6 U U U-2236 NR
Zinc-65 2/6 U U-32 U-5.43 NR"
Zirconium-95 | 2/6 U-9.55 U U-109 NR
GENERAL CHEMISTRIES (ug/L)
Chloride 6/6 2890 - 2920 2850-3380 - |2450-2620 NR
Fluoride 2/6 U 167 - 240 U 4000
Nitrite-nitrate | 6/6 840 - 900 910-930 1270 - 1280 "10000
as nitrogen
pH (in pH NA 59-594 9.16-9.94 5.3-549 NR
units) '
Silica 6/6 12200 - 12300 | 15300 - 15600 | 7320 - 7460 NR
Specific NA 52.5-53.8 217-225 301-309  |NR
conductance
(uS/c)
Sulfate | 4/6 3270 - 4010 20700-28300 |U NR

U = Not detected

NA = Not applicable
NR = No regulatory level (MCL)
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Table 5-34 Analyte Concentration Summary for the UP-LAZ Monitoring Wells (continued) ,
ANALYTE | FREQUENCY BRR 6C BRR 7C BRR 8C MCL

DETECTED RANGE RANGE RANGE

GENERAL CHEMISTRIES (ug/L)

Total dissolved | 6/6 44000 - 54000 | 142000 - 24000 - 32000 | NR

solids 144000

Total organic | 2/6 8] 1290 - 1450 U NR

carbon

Total organic | 2/6 8] U-9.1 U-73 NR

halogens

Total 1/6 U U- 110 U NR

phosphates '

U = Not detected
NR = No regulatory level (MCL)
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54.2.1 TAL Constituents

Nineteen TAL constituents were detected within groundwater samples collected from the UP-LAZ wells.
Aluminum and iron were present at concentrations that exceeded 2° MCLs and sodium was detected at a
level that exceeded the Drinking Water Equivalent Level (DWEL) health advisory.

Aluminum was present in each of the six groundwater samples collected during the investigative program
(three wells sampled during two quarters). Concentrations ranged from 33.9 ug/L to 1590 ug/L. Samples
collected during the first quarter of 1994 from BRR 6C (1590 ug/L) and BRR 7C (473 ug/L) exceeded the
2° MCL. Iron was detected in samples collected-from BRR 6Cand BRR 7C, with levels ranging from
34.2 ug/L to 1650 ug/L. The 2° MCL of 300 ug/L was exceeded by the BRR 6C (1650 ug/L) and BRR
7C (523 ug/L) samples obtained during the first quarter of 1994. Sodium was present in each of the

. samples collected ciuring the two quarters. Sodium concentration varied from 1940 ug/L (BRR 8C) to
30500 ug/L (BRR 7C). The concentration in sambles collected from BRR 7C during both quarters
exceeded the DWEL for sodium (20,000 ug/L). The levels obtained for the BRR 7C safnples were 30,500
ug/L and 24,700 ug/L. :

Among the other TAL constituents detected during the sampling, but with concentrations less than the
SDWA standards, were chromium, lead, ;ﬁckel, and cyanidé. Chromium was present in samples collected.
from wells BRR 6C and BRR 7C where the concentration ranged from 2.82 ug/L (BRR 6C) to 19.3 ug/L
(BRR 7C). Lead was detected in each of the samples in a concentration range of 1 .78 ug/L (BRR 8C) to 4
ug/L (BRR 7C). Nickel was not detected in the BRR 8C sample collected during the first quarter of 1994,
but was present in the remaining five samples collected. Nickel' concentrations ranged from 2.08 ug/L
(BRR 8C) to0 3.9 ug/L (BRR 7C). Cyanide was present in both -samples collected from BRR 7C and in the

second quarter samples.collected from BRR 6C and BRR 8C. Detected levels ranged from 1.7 ug/L
- (BRR 6C, BRR 7C, and BRR 8C) to 2.2 ug/L (BRR 7C).

5422 BNAs

Five BNAs were detected in groundwater samples collected from the upper zone wells. None of the
analytes exceeded MCLs. Bis (2-ethylhexyl) phthalate was detected in the samples collected from BRR
7C with concentrations of 13 ug/L (first quarter 1994) and 0.65 ug/L. The BNA compound 2-
chlorophenol was only detected in the BRR-7C sample collected during the first quarter of 1994 at a
concentration of 0.17 ug/L. Di-n-butyl phthalate was detected in the first quarter sample-c?ollected from
BRR 7C (at a concentration of 1.39 ug/L). Isophorone had a level of 1.52 ug?L in the BRR 7¢ second
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quarter sample. Pyrene was detected once, in the BRR 8C second quarter sample, at a concentration of
0.18 ug/L.

54.2.3 VYolatile Organics

Nine organic compounds were detected during the graoundwater sampling program, but none exceeded

SDWA standards. Among the compounds detected were benzene, carbon tetrachloride, chloroform,

dichloromethane, and trichloroethylene. Benzene was only detected in the BRR 7C samples with

concentrations of 0.07 ug/L (first quarter) and 0.06 ug/L. Carbon tetrachloride was present in samples

collected from BRR 6C and BRR 8C during both sampling quarters. The detected levels ranged from

0.06 ug/L to 0.14 ug/L.. Chloroform was present in each collected sample with concentrations ranging

from 0.05 ug/L to 0.22 ug/L in BRR 6C. Dichloromethane was detected in each well, but not in all of the

samples. Detected levels of dichloromethane ranged from 0.3 ug/L (BRR 7C) to 0.48 ug/L (BRR 7C and"
BRR 8C). Trichloroethylene was detected in each of the six collected samples with concentrations

ranginf from 0.53 ug/L (BRR 8C) to 3.12 ug/L (BRR 6C). '

5424 Pesticides/PCBs

Only one pesticide (2,4,5-T) was detected in the UP-LAZ groundwater sampling. The concentration did
not exceed SDWA standards. The pesticide was present in first samples collected from BRR 6C and
BRR 7C with concentrations of 0.2 ug/L and 0.39 ug/L, respectively. Analysis for the presence of 2,4,5-T
was not performed on the groundwater samples collected during the second quarter. No PCBs were

detected during the upper portion monitoring well sampling.

5.4.2.5 Radionuclides and Radionuclide Indicators

Fourteen radionuclides and two radionuclide indicators were detected in the UP-LAZ monitoring wells.
Among those detected were actinium-228, lead-212, thorium-234, tritium, the gross.alpha particle activity

indicator, and the nonvolatile beta particle activity indicator. Actinium-228 was only detected in BRR 6C
" at alevel of 6.06 pCi/L. Lead-212 was present in each of the wells with its detected activities ranging
from 5.69 pCi/L (BRR 7C) to 10.5 pCV/L (BRR 6C). Thorium-234 was detected in five of the six
collected samples with detected activities ranging from 97.6 pCi/L (BRR 8C) to 212 pCi/L (BRR 6C).
Each groundwater sample that was analyzed for the presence of tritium contained detectable
concentrations. Tritium levels ranged from 4.27 pCi/mL (BRR 6C) to 168 pCi/mL. (BRR 7C). BRR 7C

concentrations exceeded the primary SDWA standards. Analysis for the indicator paraméters was
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only performed on the samples collected during the first quarter of 1994. The gross alpha particle
indicator was detected in each of the well samples witn activities ranging from 1.04 pC/L (BRR 8C) to
2.68 pCi/L (BRR 7C). The nonvolatile beta particle indicator was detected in wells BRR 6C (61 pCi/L)

and BRR 7C (2.51 pCi/L). '

5.4.2.6 General Chemistriee

Numerous general chemistry parameters were measured for the UP-LAZ groundwater samples. Only one
parameter, pH, was outside of the SDWA standards. The 2° MCL for pH ranges from 6.5 to 8.5, but each
of the six samples collected during the two quarters was outside of this range. The pH values for wells
" BRR 6C and BRR 8C were less than the lower pH limit with the lowest value measured in BRR 8C (pH
of 5.3). BRR 7C had pH values exceeding the upper limit of the range with a high pH value of 9.94.

5.4.2.7 Summary

None of the samples collected from the monitoring wells penetrating the UP-LAZ of the Upper Three
Runs Aquifer has analyte concentrations which exceeded the primary MCLs, except tritium in the BRR
7C well with concentrations of 170,000 pCi/L (1Q94) and 160,000 pCi/L. (2Q94). Table 5-33 lists the .
concentrations for tritium and Figure 5-15 depicts the trtium analyte concentration.

543 Lower Aquifer Zone Monitoring Well Analytical Results - Lower Portion

Monitoring wells BRR 6B, BRR 7B, and BRR 8B are screened within the lower portion of the Lower
Aquifer Zone (LP-LAZ) of the Upper Three Runs Aquifer. Groundwater sampling has been conducted
for these wells during the first and second quarters of 1994. Table 5-35is a sumniary of the analytes
detected in the LP-LAZ monitoring wells. -

54.3.1 TAL Constituents

Twenty TAL constituents were detected in the lower portion monitoring wells. Three analytes
(aluminum, iron, and manganese) exceeded 2° MCLs, and the analyte thallium exceeded a Lifetime health
advisory. Aluminum was detected in each of the six collected samples at concentrations ranging from
13,7 ug/L (BR'R 8B) to 481 ug/L (BRR 6B). The 2° MCL of 200 ug/L was only exceeded in BRR 6B.

Iron was detected in the samples collected from BRR 6B and BRR 7B. The 2° MCL of 300 ug/L was
exceeded in a sample collected from BRR 6B, which had a concentration of 1020 ug/L. Detected
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Table 5-35 Analyte Concentration Summary for the LP-LAZ Monitoring Wells
ANALYTE |FREQUENCY BRR 6B BRR 7B BRR 8B MCL
DETECTED | RANGE RANGE RANGE
VOLATILE ORGANICS (ug/L)
Bromodichloro | 1/6 U-0.06 U U NR
-methane
Carbon 2/6 U U 0.18-0.19 5
Tetrachloride
Chloroform 6/6 0.21-0.33 0.15-0.22 0.11-0.14 100
Dichloro- 3/6 U-0.39 U-0.37 U-055 5
methane
Tetrachloro- | 2/6 U U 0.25 5
ethylene .
Toluene 6/6 0.06-018  |007-013  |0.15-0.17 1000
Trichloro- 6/6 0.2-0.28 0.08 - 0.09 2.29-3.02 5
ethylene
SEMI- VOLATILE ORGANICS (ug/L)
Bis(2-ethyl- 2/6 U-0.29 U U-0.28 NR
hexyl)phthalate ‘ '
2-Chlorophenol | 1/6 U-0.17 U U NR
Di-n-butyl 1/6 U U-046 U NR
phthalate
Fluorene 1/6 U U U-0.2 NR
PESTICIDES/PCBs (ug/L)
2,4,5-T - 2/3 0.35 0.44 U NR i
TARGET ANALYTE LIST (ug/L) . "
Aluminum 6/6 40.3 - 481 41.9-447 13.7 - 30.9 NR
Barium 6/6 14.8 - 20.1 35.6-36 38.1-40.9 2000
|| Beryllium 3/6 0.05-0.26 U - 0.005 U 4
Calcium 6/6 8730 - 9950 15800 40800-41300 |NR o
Chromium 4/6 292-123 4,37-442 U 100 -;
|{ Cobalt 1/6 U-1.12 U U NR-

U = Not detected
NR = No regulatory level (MCL)
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Table 5-35 Analyte Concentration Summary for the LP-LAZ Monitoring Wells (continued)

ANALYTE FREQUENCY BRR 6B BRR7B | BRR 8B MCL L
DETECTED RANGE RANGE RANGE '
TARGET ANALYTE LIST (ug/L) »
Copper 6/6 2.1-5.71 0.93-447 0.96-2.16 1300 h
Tron 4/6 354-1020  |506-565 |U NR |
Lead 6/6 1.07-2.15 1.21-1.46 1.14-1.56 15*
| Magnesium | 66 692-778 772- 783 464 - 497 NR
Manganese 5/6 40.5-56.4 11-11.1 U-041 NR
Mercury 3/6 U 0.05-0.11 U-0.04 2
Nickel 5/6 2.75-3.58 2.73-3.58 U-225 100
Potassium ] 6/6 555 - 575 884 -932 366 - 374 NR
Selenium 1/6 U- U-1.52 U 50
Sodium 6/6 11600 - 14700 { 12000 - 12200 | 3020 - 3200 NR
Thallium 1/6 U-0.86 U U 2
Vanadium 516 1.03-2.95 1.24-1.63 U-0.58 NR ﬁ
Zinc 5/6 14.9-194 3.15-5.58 U-124 NR
Cyanide 3/6 U-1.7 U-17 U-17 200
RADIONUCLIDES and RADIONUCLIDE INDICATORS (pCi/L) ]
Actinium-228 | 2/6 U U 9.78 - 10.6 NR
Gross alpha 173 U _ 0.75 U 15
Antimony-125 | 1/6 U-6.06 U U NR
Nonvolatile 2/3 0.82 1 1.36 U NR
beta
Cesium-134 1/6 U-1.57 U U NR
Cesium-137 2/6 U U-398 U - 1.57 1NR )
Europium-154 | 1/6 U U, U -3.87 NR
Lead-212 2/6 U U 8.75-164 NR
Potassium-40 | 3/6 U-37.5 U-282 U-20.3 NR

*The SDWA standard for lead is a nonenforceable “at the tap"” action level.

U = Not detected
NR = No regulatory level (MCL)
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Table 5-35 Analyte Concentration Summary for the LP-LAZ Monitoring Welis (continued)
ANALYTE |FREQUENCY| BRRGB- BRR 7B BRR 8B MCL
' DETECTED | RANGE RANGE RANGE
RADIONUCLIDES and RADIONUCLIDE-INDICATORS (pCi/L) "
Radium, total |} 1/3 U 0.5 U NR
alpha emitting
Ruthenium-106 | 2/6 17-17.6 U U NR
Sodium-22 1/6 U U U-1.57 NR
Thorium-234 | 2/6 U U- 105 U-235 NR
Tin-113 1/6 U y U-3.23 NR
Tritium 213 U 497 99.6 20
(pCi/mL)
Yttrium-88 1/6 U-242 U U NR
Zinc-65 1/6 U U U-3.71 NR
GENERAL CHEMISTRIES (ug/L) -
Chloride 6/6 12660 - 2740 12240-2410 3140 - 3240 NR
Fluoride 4/6 - | 197 - 199 142— 146 U 4000
Nitrite—nitrate 6/6 520- 540 480 - 600 3760 - 4080 10000
as nitrogen . -
pH (in pH NA 6.61-6.64 6.7-6.84 7.78-1792 NR
units) ' _
Silica 6/6 11400 - 12200 | 12500 12300 - 12400 | NR.
Specific NA 110-125 130- 141 222 - 226 NR
conductance
(uS/c)
Sulfate 4/6 7800- 10300 |5570-5620 |U NR

U = Not detected

NA = Not applicable
NR = No regulatory level (MCL)

5-112




WSRC-RP-94-1217, Rev. 1

Burma Road Rupoie o July 1995
Table 5-35 Analyte Concentration Summary for the LP-LAZ Monitoring Wells (continued)
ANALYTE |FREQUENCY BRR 6B BRR 7B BRR 8B MCL
DETECTED RANGE RANGE RANGE
GENERAL CHEMISTRIES (ug/L)
Total dissolved | 6/6 11400 - 12200 | 83000 - 93000 | 148000 - NR
solids 152000
Total organic |2/6 U U-1250 U-1180 NR
carbon
Total organic | 1/6 8] U U-53 NR
halogens
Total 4/6 240 - 530 110 U NR
phosphates

U = Not detectéd

NR = No regulatory level (MCL)
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concentrations ranged from 35.4 ug/L (BRR 6B) to 1020 ug/L (also BRR 6B). Manganese was found in
each of the wells, although it was not detected in the second quarter sample collected from BRR 8B.
Detected manganese concentrations ranged from 0.41 ug/L (BRR 8B) to 56.4 ug/L (BRR 6B). Only the
second quarter BRR 6B sample exceeded the manganese 2° MCL of 50 ug/L. Thallium was only
detected in the first quarter sample collected from BRR 6B. It was present at a concentration of 0.86
ug/L, which exceeds the Lifetime health advisory of 0.4 ug/L.

Among the other TAL constituents present in the lower portion gtoundwater samples were lead, mercury,
and cyanide. Lead was present in each of the collected samples with concentrations ranging from 1.07
ug/L. (BRR 6B) to 2.15 ug/L (BRR 6B). Mercury was detected in the BRR 7B samples and the second

quarter sample obtained from BRR 8B. The detected levels ranged from 0.04 ug/L (BRR 8B) to 0.11
ug/L (BRR 7B). Cyanide was detected in each of the second quarter well samples. Each of the three
samples (BRR 6B, BRR 7B, and BRR 8B) had a concentration of 1.7 ug/L.

5.4.3.2 BNAs

Four BNA compounds were detected during the lower portion monitoring well sampling. None exceeded
SDWA standards. Bis(2-ethylhexyl) phthalate was present in second quarter samples from BRR 6B and
BRR 8B with concentrations of 0.29 ug/L and 0.28 ug/L, respectively. The compound 2-chlorophenol
was detected iﬁ the first quarter sample from BRR 7B at a concentration of 0.46 ug/L. Fluorene was

detected in the second quarter sample from BRR 8B at a concentration of 0.2 ug/L.

54.3.3 Volatile Organics

Eight volatile organic compounds' were detected in the lower portion groundwater-samples. None of the
compounds were present at a concentration that exceedéd SDWA standards. Among the compounds
present were carbon tetrachloride, chloroform, dichloromethane, toluene, and trichloroethylene. Carbon
tetrachloride was present in the samples collected from BRR 8B with concentratiohs of 0.19 ug/L in the
first quarter sample and 0.18 ug/L in the second quarter sample. Chloroform was present in each of the
groundwater samples. The concentrations ranged from 0.11 ug/L (BRR 8B) to 0.33 ug/L (BRR 6B).
Dichloromethane was detected in the samples collected during the first quarter of 1994. Detected
concentrations ranged from 0.37 ug/L (BRR 7B) to 0.55 ug/L (BRR 8B). Toluene and trichloroethylene
were detected in each of the samples. Toluene concentrations ranged from 0.06 ug/L (BRR 6B) to 0.18

ug/L (BRR 6B), and trichloroethylene concentrations ranged from 0.08 ug/L (BRR 7I§7 to 3.02 ug/L
(BRR 8B). '

5-114



Final RFI/RI Report forthe - WSRC-RP-94-1217, Rev. 1
Burma Road Rubble Pit - July 1995
54.3.4 Pesticides/PCBs

The pesticide 2,4,5-T was detected in first quarter samples obtained from wells BRR 6B and BRR 7B
with concentrations of 0.35 ug/L and 0.44 ug/L, respectively. The samples were not analyzed for the
presence of 2,4,5-T during the second quarter. PCBs were not detected in ‘any of the LP-LAZ

groundwater samples.
5435 Radionuclides and Radionuclide Indicators

A total of sixteen radionuclides and two radionuclide indicators were detected in the LP-LAZ monitoring
well samples. Among those detected were actinium-228, lead-212, radium (total alpha-emitting),
thorium-234, tritium, the gross alpha particle aciivity indicator, and the nonvolatile beta particle activity
indicator. Actinium-228 and lead-212 were present in the BRR 8B groundwater samples. Actinium
activities of 10.8 pCi/L and 9.78 pCi/L were found in the first and second quarter samples, respectively.
Lead-212 sample activities were 16.4 pCi/L and 8.75 pCi/L in the first and second quarters, respectively.
A total alpha-emitting radium activity of 0.5 pCi/L was detected in the BRR 7B sample collected during
the first quarter. Radium was not detected in the other first quarter samples and was not an analyte for the
second quarter. Thorium-234 was present in samples collected from BRR 7B and BRR 8B. Detected
activities of thorium-234 were 105 pCi/L (BRR 7B) and 235 pCi/L (BRR 8B). Tritium was an analyte for
the first quarter samples and it was detected in the BRR 7B and BRR 8B groundwater samples. Tritium
activities were 4.97 pCi/mL in BRR 7B and 99.6 pCi/mL in BRR 8B. Tritium activities for second
quarter samples at well BRR 8B was 110 pCi/mL. Tritium activities in well BRR 8B exceeded
SDWA standards. The two activity indicators, gross alpha and nonvolatile beta, were analyzed for in the
first quarter groundwater samples. Nonvolatile beta particle activity was present in BRR 6B and both
indicators were present in the BRR 7B sample. BRR 6B had a nonvolatile beta particle activity of 0.82
pCV/L while the BRR 7B sample had a gross alpha particle activity of 0.75 pCI/L and nonvolatile beta
particle activity of 1.36 pCi/L.

5.4.3,6 General Chemistries

Several' general chemistries were conducted on the lower portion groundwater samples. None of the
testing showed analyte concentrations that exceeded or were outside of MCL, 2° MCL, or health advisory

standards.
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5.4.3.7 Summary

Groundwater samples collected from the monitoring wells ée’t into the LP-LAZ of the Upper Three Runs
Aquifer did not exhibit analyte concentrations that exceeded primary MCLs, except tritium in well BRR

8B. The tritium concentrations which exceeded the primary MCL was 100,000 pCi/L (1Q94) and
110,000 pCi/L (2Q94). Table 5-33 and Figure 5-15 provide the information on the tritium

concentrations.
5.4.4 Hydrocone Groundwater Sampling

Groundwater samples were collected from five Hydrocone soil boring locations (see Figure 4-19 for
Hydrocone sampling locations). Of the five locations, two are considered upgradient locations (HC-
5/BR-13-01 and HC-8/BR-09-01) while the other three are considered downgradient (HC-6/BR-1 1-01,
HC-7/BR-10-01, and HC-9/BR-12-01). However, all of the Hydrocone sampling locations are
downgradient of the SRS F-Area site. Table 5-36 gives a summary of analytes detected in the Hydrocone

sampling.

5.44.1 TAL Constituents

Nine TAL constituents were detected during the Hydrocone groundwater sampling program. Only
mercﬁry was detected at a concentration that exceeded a MCL, 2° MCL, or SDWA health advisory. In
the HC-7/BR-10-01 sample, the mercury concentration was 3.12 ug/L which exceeds the MCL of 2 ug/L.
Mercury was only detected in one other sample (HC-8/BR-09-01) at a concentration of 0.26 ug/L.
However, HC-8/BR-09-01 was upgradient of HC-7/BR-10-01 and was the upgradient Hydrocone

sampling location for the BRRP site. This suggests that the site may have contributed to the

‘contamination of the gljouhdwater at the HC-7/BR-10-01 location, but this may also be the result of the -

migration of a contaminated groundwater plume.

Among the other constituents detected were chromium, copper, and lead. Chromium was detected in
every sample but HC-5/BR-13-01. Detected chromium concentrations ranged from 8.89 ug/L (HC-9/BR-
12-01) to 24.1 ug/L (HC-6/BR-11-01). Copper was detected in each of the five Hydrocone samples.
Concentrations ranged from 10.5 ug/L in HC-5/BR-13-01 to 54.9 ug/L in HC-6/BR-11-01. Lead was
detected in every sample but HC-8/BR-09-01. Detectable levels ranged from 5.37 ug/L (HC-9/BR-12-01)
to 10.1 ug/L (HC-6/BR-11-01). : s
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Table 5-36 Hydrocone Sampling Analyte Concentration Summary
ANALYTE FREQUENCY DETECTED RANGE MCL -

VOLATILE ORGANICS (ug/L) ' _
Carbon Tetrachloride 1/5 U-15 5
Chloroform 1/5 U-13 100
Dichloromethane 25 U-3 NR
Trichlorofluoromethane 1/5 U-39 5
SEMI-VOLATILE ORGANICS (ug/L)
Bis(2-ethylhexyl)phthalate | 1/5 - U-8.1 NR
TARGET ANALYTE LIST (ug/L)
Barium 5/5 ' 13.9-137 2000
Chromium 45 - : U-24.1 100
Cobalt 4/5 U-8.71 NR
Copper . |sss 10.5 - 54.9 1300
Lead 4/5 U-10.1 ) 15%
Mercury 2/5 U-3.12 {2
Nickel 5/5 o 64-23.4 100
Vanadium a5 ' | U-339 NR
Zine 5/5 : _|s98-152 NR
RADIONUCLIDES and RADI ONULCIDE INDICATORS (pCi/L) )
Gross alpha 5/5 5.99 - 203 15
Nonvolatile beta 5/5 4.53-86.7 NR '
Tritium (pCi/mL) 475 U-7.71 20 j
GENERAL CHEMISTRIES (ug/L) . i . i j
Ammonia s U -270 NR
Chloride 5/5 . . 1480 - 4240 NR
Nitrate as nitrogen si5 - |539-2610 10000
pH (in pH units) NA . . 4.5-6.09 NR
Sulfate 4/5 . U -3820 NR
Total dissolved solids 5/5 14000 - 3260000 |NR
Total organic carbon 3/5 ) U - 3360 NR
Total organic halogens 4/5 U-13.9 " |NR

* The SDWA standard for lead is a nonenforceable “at the tap" action level.
NR =No regulatory level (MCL) U = Not detected NA = Not applicable
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5442 BNAs
Only one BNA compound, bis(2-ethylhexyl) phthalate) was detected during the Hydrocone sampling. It
was only present in HC-8/BR-09-01 at a concentration of 8.1 ug/L. This does not exceed any MCLs, 2°

MCLs, or SDWA health advisories.

5.44.3 Volatile Organics

Four volatile organic compounds were detected in the Hydrocone sample analyses and one (carbon
tetrachloride) was present at a level that exceeded the MCL. Carbon tetrachloride was detected in only
one sample (HC-8/BR-09-01) at a concentration of 15 ug/L, which exceeds the MCL of 5 ug/L. Since
HC-8/BR-09-01 is the upgradient Hydrocone sample for the BRRP site, it is suggested that the carbon
tetrachloride is the result of contaminant plume migration from an upgradient groundwater area (such as

the F-Area Separations Facility).

Other volatilé organics detected were chloroform, dichloromethane, and trichlorofluoromethane.
Chloroform and trichlorofluoromethane were only detected in the HC-8/BR-09-01 groundwafer sample.
Chloroform had a concentration of 1.3 ug/L and trichlorofluromethane had a concentration of 3.9 ug/L.
Dichloromethane was present in two samples at concentrations of 1.6 ug/L (HC-6/BR-11-01) and 3 ug/L
(HC-9/BR-12-01).

5444 _ Pesticides/PCBs

No pesticides or PCBs were detected in the Hydrocone groundwater samples collected at the site.

5445 Radionuclides and Radionuclide Indicators

The indicator gross alpha particle activity was detected in the Hydrocone samples at levels that exceeded
its MCL.. The MCL of 15 pCi/L. was exceeded in samples collected from HC-6/BR-11-01 and HC-9/BR-
12-01 with activities of 38.4 pCi/L and 203 pCi/L, respectively. It was also detected in the three other
Hydrocone samples with concentrations ranging from 5.99 pC/L to 11 pCi/L.

One other radionuclide activity indicator and one radionuclide were detected during the Hydrocone
sampling. Neither exceeded any SDWA standards. The other indicator, nonvolatile beta particle activity,
was detected in each of the five Hydrocone samples. The activities ranged from 4.53 pCi/L (HC-5/BR-
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13-01) to 86.7 pCi/L (HC-9/BR-12-01). The radionuclide tritium was detected in four of the five
samples. It was not detected in the HC-6/BR-11-01 groundwater sample. Detected activities of tritium
ranged from 5.21 pCi/mL (HC-7/BR-10-01) to 7.71 pCi/mL (HC-6/BR-11-01).

5.4.4.6 General Chemistries

Several general chemistry analyses were performed on the Hydrocone groundwater samples. Of these,
two showed sample results that exceeded or were outside of 2° MCLs. The pH value of each of the five
groundwater samples was below the lower limit of the PH 2° MCL range (pH of 6.5). The pH values
ranged from 4.5 (HC-9/BR-12-01 sample) to 6.09 (HC-6/BR-11-01 sample). The other 2° MCL that was
exceeded was the total dissolved solids (TDS) concentration in the HC-9/BR-12-01 sample. The 2° MCL
for TDS is 500,000 ug/L and the sample had a TDS concentration of 3,260,000 ug/L.

5.4.4.7 Summary

Hydrocone sampling showed four samples with analyte levels that exceeded primary MCLs. The MCL
for gross alpha particle activity (15 pCi/L) was exceeded in the samples collected from HC-6/BR-11-01
(with a concentration of 38.4 pCi/L) and HC-9/BR-12-01 (203 pCi/L). The MCL for mercury (2 ug/L)
was exceeded in HC-7/BR-10-01 with a concentration of 3.12 ug/L. The carbon tetrachloride MCL of 5
ug/L was exceeded in HC-8/BR-09-01 with a concentration of 15 ug/L. Table 5-37 summarizes this
information and Figures 5-15 and 5-16 are maps with this information on them.

54.5 Groundwater Summary

A variety of metals, volatile organic compounds, semi-volatile organic compounds, radionuclides, and
one pesticide were detected in groundwater samples. Those compounds that were detected in
concentrations greater than a primary MCL are: nitrate/nitrite (as N), mercury, carbon tetrachloride, and
gross alpha activity, thorium-234, and tritium (Figures 5-15 and 5-16). Tables 5-33 and 5-37 lists the

constituents that were exceeded in the groundwater samples and hydrocone samples.
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5.5 Sediment and Surface Water

Sediment and surface water samples were collected from the water-filled borrow pit located adjacent to
the BRRP. One sediment sample (BRRP 101) and two surface samples (BRRP 102 and BRRP 103) were
collected. Additionally, two runoff-impacted sediment samples (BR-05-01 and BR-06-01), and a
corresponding duplicate sample (BR-05-01) were collected from the area adjacent to the site. Appendix J

contains a summary of the contaminants which were detected in the sediment and surface water samples.

Contaminant concentrations in the sediment samples will be compared against background soil sample

contaminant concentrations. Since upstream surface water samples were not collected at the site,

contaminant impact upon the surface water at the site will be related to MCLs.

Background surface water samples were not collected because there is no upgradient body of
surface water within the immediate vicinity of the BRRP site from which to obtain a unit-specific

background sample.
5.5.1 Borrow Pit Surface Water and Sediment Samples

Table.5-38 summarizes the analytes detected in the surface water samples and Table 5-39 summarizes the

analytes detected in the borrow pit sediment sample.

5.5.1.1 TAL Constituents

Numerous TAL constituents were detected in the sediment sample collected from the borrow pit (BRRP
101). Chromium (26.7 mg/kg),  iron (22,700 mg/kg), and vanadium (62 mg/kg) "were at
concentrations exceeding the CBC. However, chromium and vanadium were below their respective
RBC levels of 10000 mg/kg and 14000 mg/kg. Iron was evaluated in the BRA and it was noted that
the iron concentrations detected would not exceed the RDAs or ESADDIs if site-speific soil

concentrations were ingested.

Antimony and selenium had no CBC with which to screen them. Therefore, these contaminants
were compared to their respective RBC levels. Antimony, with a concentration of 4.56 mg/kg, did

not exceed its RBC value of 820 mg/kg. Selenium, with a concentration of 4.37 mg/kg, did not
exceed its RBC level of 10000 mg/kg. )
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Table 5-38 Borrow Pit Surface Water Sample Results

LOCATION BRRP 102 BRRP 103 MCL

SAMPLE DATE 02/22/94 02/22/94
ANALYTE (ug/L)
Aluminum 1500 319 NR
Antimony 241 U 6
Barjium . 11.2 10.1 2000
Calcium 833 905 NR
Chromium 3.06 U 100
Iron 1310 290 NR
Magnesium 386 377 NR
Manganese 25.2 23.5 NR
Nickel 3.01 U 100
Sodium 517 518 NR
Vanadium 5.12 U NR
Zinc 21 23.2 NR

U = Not detected

NR = No regulatory level (MCL)
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Table 5-39 Summary of Analytes Detected in Borrow Pit Sediment Samples

LOCATION" BRRP 101
SAMPLE DATE 02/22/94
VOLATILE ORGANICS (ug/kg)
Acetone 6.71
Benzene 0.0735

SEMI-VOLATILE ORGANICS (uglkg)

Bis(2-ethylhexyl)phthalate |25.4
| Di-n-butyl phthalate 21
Fluoranthene 5.87

TARGET ANALYTE LIST (mg/kg)

Aluminum 13400

Antimony 4.56

Arsenic 10.4

Barium 14.5

Beryllium 0.212

Calcium 213

Chromium 26.7

Cobalt 0.795
‘gopper 4.46

Iron 22700

Lead 10.9

Magnesium 151

Manganese 26.7

Mercury (ug/kg) 46.1

Nickel 1.69

Potassium 121

Selenium 437 1
Vanadium 62

Zinc 4.86

Cyanide (ug/kg) 343 "
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All other TAL constituents detected in the sediment sample collected from the borrow pit were

below their CBC level.

The two surface water samples (BRRP 102 and BRRP 103) collected from the borrow pit had detectable
levels of various contaminants. Two of the contaminants, aluminum and iron, had concentrations that
exceeded the 2° MCLs for these constituents. Aluminum was found in both of the surface water samples
with concentrations of 1500 and 319 ug/L. These concentrations exceed the 2° MCL of 200 ug/L. Iron
was detected in both of the surface water samples with concentrations of 1310 ug/L and 290 ug/L.
Only one sample (BRRP 102) exceeded 2° MCL standards with a concentration of 1310 ug/L (the
standard is 300 ug/L). None of the contaminants exceeded primary SDWA-MCLs.

5.5.1.2 BNAs

Three BNAs were detected in sediment sample BRRP 101. Bis(2-ethylhexyl)phthalate was detected at
a concentration of 25.4 ug/kg. Di-n-butyl phthalate was detected at a concentration of 21.0 ug/kg.
Neither of these constituents have CBC levels that can be used as a screening tool. The bis 2~ :
ethylhexyl)phthalate concentration was below its RBC level (46 mg/kg or 46000 ug/kg). A RBC i
level does not exist for di-n-butyl phthalate. Fluoranthene was also among the compounds detectec:,
with a concentration of 5.87 ug/kg (0.00587 mg/kg), which is below the CBC level of 5.92 ug/kg.

Fluoranthene's concentration was also below the RBC level of 3100 mg/kg.

No BNA compounds were detected in the surface water samples.

5.5.13 Volatile Organics

volatile organic compounds detected in sediment sample BRRP-101. Neither of the detected compounas i

Acetone (at a concentration of 6.71 ug/kg) and benzene (at a concentration of 0.0735 ug/kg) were th~

exceeded their RBC levels. Volatile organic compounds are not screened égainst backgrou.

concentrations, per regulatory guidance.

No volatile organic compounds were detected in the two surface water samples collected from the borrow

pit.
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5.5.1.4 Pesticides, PCBs

No pesticides or PCBs were detected in any of the borrow pit sediment samples or surface water samples.

5.5.1.5 Radionuclides and Radionuclide Indicators

No radionuclides or indicators were detected in the borrow pit sediment or surface water sediment

samples collected at the site.

5.5.1.6 Summary

Chromium, iron, and vanadium were detected at concentrations exceeding their CBC levels.
However, based on RBC levels and information obtained from the BRA, these constituents should
not be considered as contaminants of concern at the BRRP. Antimony and lead did not exceed
their respective RBC levels. Bis(2-ethylhexyl)phthalate and fluoranthene were not considered as
potential contaminants since their concentrations were below the screening criteria. Di-n-butyl
phthalate had no CBC or RBC levels that could be used as a screening criteria. The two volatile

organic compounds (acetorie and benzene) detected were below their respective RBC levels.

Analyses of the surface water samples collected from the borrow pit showed that no primary MCLs were

exceeded in the borrow pit surface water.
552 Runoff Sediment Samples
Table 5-40 summarizes the analytes detected in the runoff sediment samples collected at the site.

5.5.2.1 TAL Constituents

Eighteen TAL constituents were found in the surface runoff sediments. Fourteen of the
constituents were found at levels below the unit-specific CBC. Three constltuents chromium, iron,
and vanadium, were found at levels exceeding the unit-specific CBC., However, chromium and
vanadium were found at levels below their respective residential RBC levels. According to the
BRA, iron was not found at concentrations exceeding the RDA or ESADDI level for iron. Arsenic

(surface) does not have a CBC since the concentrations detected in the'backgroun(i ‘samples was
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Table 5-40 Summary of Analytes Detected in the Runoff Sediments
ANALYTE FREQUENCY | CONCENTRATION
DETECTED RANGE
VOLATILE ORGANICS (uglkg)
1,4-Dichlorobenzene 1/3 U-36.2
SEMI-VOLATILE ORGANICS (ug/kg)
Pyrene 1/3 U-114
TARGET ANALYTE LIST (mg/lkg)
Aluminum 3/3 2940 - 55620
Arsenic 1/3 U-5.38
Barium 3/3 2.58 - 17
Beryllium 3/3 0.1-0.157
Calcium 3/3 35.8-110
Chromium 3/3 4.36-26.5
Cobalt 3/3 0.413 - 0.809
Copper 3/3 1.48 - 3.29
Iron 3/3 3670 - 22700
Lead 2/3 U-3.86
Magnesium 3/3 30.7 - 202
Manganese 3/3 13.5-122
Mercury (ug/kg) 3/3 27.1 -40.1
Nickel 2/3 U-0.934
Potassium 2/3 U - 157
Vanadium 3/3 9.2-56.2
Zinc 3/3 2.22 -5.09
Cyanide (ug/kg) 3/3 42.8-53 l

U = Not detected
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Table 5-40 Summary of Analytes Detected in the Runoff Sediments (continued)

ANALYTE FREQUENCT | CONCENTRATION
DETECTED RANGE
RADIONUCLIDES and RADIONUCLIDE INDICATORS (pCilg)
Actinium-228 3/3 0.929 - 1.33
Gross alpha 3/3 3.7-8.7
Nonvolatile bets 2/3 U-5.5
Cesium-137 . 3/3 0.00516 - 0.0653
Europium-155 3/3 0.236 - 0.321
Lead-212 ' 3/3 0.722 - 1.06
Manganese-54 3/3 0.0081 - 0.0127
Neptunium-239 . 2/3 U - 0.0638
Potassium-40 3/3 0.615-1.05
Promethium-144 1/3 U - 0.00736
Promethium-146 3/3 0.00838 - 0.0167
Thorium-234 3/3 0.743 - 0.894
Yttrium-88 ' 1/3 ' U - 0.000687
Zinc-65 - 1/3 ) U - 0.00301
Zirconium-95 373 0.000512 - 0.000611

U = Not detected
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below the quantification limits. Therefore, arsenic was compared to the RBC level. Arsenic, which
was detected in one out of three samples at a concentration of 5.38 mg/kg, did not exceed the

noncarcinogenic RBC level (23 mg/kg); it did, however, exceed the carcinogenic RBC level (0.37
mg/kg).

5.5.2.2 BNAs

The BNA compound pyrene was detected in one of the runoff sediment samples. Pyrene was present in
sample BR-06-01 at a concentration of 11.4 ug/kg, which doe s not exceed the CBC of 13.82 ug/kg.

5.5.2.3 Volatile Organics

1,4-Dichlorobenzene was detected in runoff sediment sample BR-05-01, with a concentration of 36.2
ug/kg. 1,4-Dichlorobenzene was not present at a concentration that exceeded the RBC level of 27 mg/kg
(27000 ug/kg). No other volatile organic compounds were detected in BR-05-01 or the remaining two

runoff sediment samples.
5524 Pesticides, PCBs

No pesticides or PCBs were detected at concentrations exceeding the method detection limits in any of

the runoff sediment samples.

5.5.2.5 Radionuclides and Radionticlide Indicators

Thirteen radionuclides and two radionuclide activity indicators were detected in the runoff sediment
samples. Of the analytes detected, only promethium-144 and yttrium-88 had no CBC or RBC levels
to use as screening tools. However, they were only detected in one out of three samples at low
concentrations. Promethium-144 was detected at 0.00736 pCi/g in BR-06-01 and yttrium-88 was
detected at 0.00068 pCi/g in BR-06-01. Due to their half-lives and the concentrations at which they
were detected, these two compounds are present at concentrations that will pose a hazard. All
other analytes detected in the runoff sediment samples were below their respective CBC

concentration.
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5.5.2.6 Summary

Of the analytes detected in the runoff sediment samples, only arsenic exceeded the screening
criterion. Arsenic, which was detectéd at a concentration of 5.38 mg/kg, exceeded the carcinogenic
RBC level of 0.37 mg/kg.

5.6 Summary

Table 5-41 displays the contaminants on site, by media, that were detected at concentrations that exceed

the applicable regulatory guidelines.

Table 5-41 Summary of Contaminants by Media

Media Compound ) "

Soil ' Arsenic, Beryllium, Actinium-228*, Cobalt-60,
Europium-154, Europium-155, Lead-212%,
Manganese-54, Neptunium-239, Zinc-65, and

Zirconium-95

Groundwater Nitrite/Nitrate (as N), Mercury, Carbon Tetrachloride, H

Gross Alpha Particle Activity, Tritium, and Thorium-
234 ’

Surface Water and Sediment - | None applicable

Runoff Sediment Arsenic

* naturally occurring radionuclides
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6.0 CONTAMINANT PERSISTENCE AND TRANSPORT

This chapter discusses the fate of selected contaminants found at the BRRP. Chapter 5 identified
those contaminants that are present on site in concentrations greater than the regulatory guidance
levels. Those contaminants: mercury, carbon tetrachloride, nitrite/nitrate (as N), and gross alpha, are
discussed with respect to their persistence on site and migration. This chapter is divided into two
major sections. Section 6.1 discusses the physical and chemical characteristics of the contaminants
and the processes in the environment that control their persistence (or residence time) on site.

Section 6.2 discusses the principal routes of contaminant migration on site. Table 6-1 summarizes

the contaminants that were detected in the various media in concentrations that exceed regulatory

guidance levels.

Table 6-1 Summary of Contaminants by Media

Media Compound

Soil , Arsenic, Beryllium, Actinium-228%, Cobalt-60,
Europium-154, Europium-155, Lead-212%,
Manganese-54, Neptunium-239, Zinc-65, and

Zirconium-95

Grounc_lwater g Nitrite/Nitrate (as N), Mercury, Carbon Tetrachloride,
Gross Alpha Particle Activity, Tritium, and Thorium-
234

Surface Water and Sediment | None apphcable

Runoff Sediment ’ Arsenic

* naturally occurring radionuclides

6.1 Contaminant Persistence
6.1.1 Carbon Tetrachloride

Carbon tetrachloride was found in groundwater at concentrations that exceed the MCL. The
persistence of an organic compound in the environment is primarily a functlon of its ablhty to

degrade, volatilize, adsorb, and solubilize.

6-1



Final RFI/RI Report for the WSRC-RP-94-1217, Rev. 1
Burma Road Rubble Pit July 1995

Degradation is the breakdown of the chemical structure of a compound. Degradation may be abiotic
(e.g. hydrolysis or photolysis) or biological. Abiotic degradation is influenced by the.presence of
other compounds (both waste related and natural) or expﬁsure to physical phenomena, such as
sunlight. Carbon tetrachloride can be hydrolysed (Dragun, 1988). The rate of hydrolysis depends
on the concentration and other site specific factors such as pH. Biodegradation of organic
compounds is controlled by a variety of factors including: the chemical structure of the compound
and its susceptibility to biological breakdown, the presence and population size of microorganisms
capable of metabolizing the chemical, nutrient availability (e.g. oxygen, wéter, mineral ions) and the
presence or absence of inhibitory substances. Carbon tetrachloride is susceptible to biodegradation
(Tabak et al, 1981). The rate of biodegradation is dependent on the aforementioned site specific

factors.

Volatilization from soil and water can be an important process influencing the persistence of a
organic compound in a particular environmental media. Highly volatile compounds, as dictated by
the vapor pressure and Henry's Law constant, have a strong tendency to volatilize from soil or water
to the atmosphere. The vapor pressure of carbon tetrachloride is high, 114 mm Hg at 200, as is the

Henry's constant, 3.04 x 102 atm-m3/mol. Therefore carbon tetrachloride volatilizes rapidly from

water to the atmosphere.

Adsorption refers to the tendency of a chemical compound to adhere or partition onto soil and
sediment particles. Compounds with high partitioniné coefficients tend adhere to soils and sediments
whereas compounds with low partitioning coefficients tend to leach from soils and sediments into
surface or ground water. The octanol/water partition coefficient (K,y,) represents the distribution of a-
chemical between octanol and water phases under equilibrium conditions. Octanol water partition
coefficients are usually reported in logarithmic form and represent the tendency of a chemical to
move between an organic phase and water. The log Ky, of carbon tetrachloride is 2.83, an
intermediate value indicating that carbon tetrachloride is neither strongly hydrophobic or

hydrophilic. The organic carbon partition coefficient (K,.) indicates the tendency of an organic

chemical to be adsorbed to organic materials in soils or sediments. The capacity for a chemical to be
adsorbed is a function of Ky and the percentage of organic carbon in the soil. The Ky of carbon

tetrachloride is 110 ml/g, again an intermediate value.

The solubility of an organic compound refers to its ability to dissolve in a solvent (asually water).
Precipitation occurs when the solvent is saturated with respect to a given chemical. The water

solubility of carbon tetrachloride is 805 mg/l. Table 6-2 summarizes the physicai and chemical
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characteristics of carbon tetrachloride that impact its persistence. Carbon tetrachloride as with the

majority of other groundwater contaminants is believed to have an u

1995) (Appendix L).

pgradient source (Rabin,

Table 6-2 Physical Characteristics of Carbon Tetrachloride
T e e
Analyte log Koy Koc Vapor Henry's
Pressure Constant
Carbon 2.83 110 ml/g 114 mm Hg 3.04 x 10-2
tetrachloride atm-m3/mol
6.1.2 Metal and Metal Compounds

The physical characteristics of antimony, arsenic, beryllium, lead and mercury,

the five metals found
on site in concentrations exceeding regulatory thresholds, are displayed in Table 6-3.

Table 6-3 Physical Characteristics of Metals
Metal Molecular ~ [ Physical . | Water Organic Acid Specific -1
Weight State Solubility Solubility Solubility Gravity
Antimony | 122 solid insoluble NDA variable 6.684
Arsenic 75 solid insoluble NDA variable 5.727
-Beryllium | 9.0 solid variable -NDA variable 1.85
Lead 207 sohid insoluble insoluble soluble 11 :344
Mercury 201 liquid insoluble soluble variable 15.594

NDA = No Data Available

*

Metals occur naturally at different concentrations in the environment. The presence, physical state

and concentrations of metals in various media at the BRRP are determined by several processes. The
more important of these processes are solubility, hydrolysis, sorption, oxidation-reduction, and

complexation. A brief discussion of these processes follows.

Precipitation was discussed previously. Precipitation of inorganic compounds usually results in a
solid precipitate. Factors which influence the solubility of inorganic compounds include pH, ionic

speciation, and temperature.
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Hydrolysis is the decomposition of a compound through a reaction with water. Acid-base hydrolysis
controls the hydrogen ion concentration and affects the pH of the media. Solubility, sorption
capacity, and oxidation-reduction potential are influenced by pH: therefore hydrolysis reactions

Acontribu.te to the ability of metals to be leached from soils.

Sorption is the process of binding the constituent to a solid (soil particles) or in a separate liquid
phase. Adsorption occurs by the interphase accumulation of substances at a surface or interface.
The sorption process depends on the type of metal and the chemical properties of the solution and

subsurface materials.

In an oxidation reaction, the reacting species is converted to a higher oxidation state. The electron
transfer adjusts the valence state of atoms, which may influence the adsorption- potential; solubility,

toxicity and other characteristics or the constituent.

Metals ions may react with a ligand to form complexes. Transition metals form the most stable metal

complexes and are less likely to be transported through the site media.

Antimony is found in the environment as stibnite, the native metal, antimonides of heavy oxides and
as antimony oxides. Antimony is insoluble in water, however, some compounds of éntimony are
soluble. Antimony is present on most natural waters as a soluble oxide. Although it is unknown to
what extent sorption reduces the transport of antimony in waters, sorption to clays is normally the

most important mechanism that removes antimony from solution.

Lead occurs in the environment in one of three oxidation states (0, +2, +4). Lead is extremely
persistent in soil and water. Its speciation varies widely with pH, temperature, and the nearby
concentration of humic materials. The chemistry of lead in solution is influen¢ed by the speciation
of the ion. Sorption is the dominant process affecting lead distribution in the environment. The
mobility of lead is usually controlled by adsorption onto inorganic solids, organic materials, and
hydrous iron and manganese oxides. As a result, lead is strongly adsorbed to sediments in aquatic

systeins. Lead is strongly adsorbed to soil with minimal transportation into surface and ground water.

Mercury occurs in the environment in several forms: insoluble elemental mercury, inotganic species
and organic species. Mercuric (+2) salts are less soluble and more common then the mercurous (+1)

salts. Mercury also forms stable organic complexes. The nature and solubility of the chemical
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species depend on the redox potential and pH of the environment. Mercury and some mercury
containing compounds volatilize from water and soils to the atmosphere. Volatilization is decreased
by the conversion of metallic mercury to complexed species. Adsorption is the most important

process determining the fate of mercury in an aquatic environment. .

6.1.3 Nitrate/Nitrite (as N)

Nitrate and nitrite are naturally occurring compounds. Nitrogen.may enter soils and water from
fertilizer, animal wastes, sewage, and wastewaters or leachate from wastes. Nitrite may be formed from
nitrate or ammonia. In an aerobic environment nitrite is oxidized to nitrate. Conversely, under
anaerobic conditions, nitrate containing soils or water may be converted to nitrite, molecular nitrogen
or nitrous oxide. Since the BRRP was at one time a farm, it is possible that the high nitrate/nitrite (as

nitrogen) concentrations are due to animal wastes or fertilizer used on site.
6.1.4 Radionuclides

Chemical elements are classified by the atomic number (the number of protons in the nucleus).
However, many elements may have different forms (based on their atomic weight, which is
approximately equal to the number of protons and neutrons present in the nucleus). These differing
forms of the element are called isotopes. Although the isotopes are the same element, they are not
present in the elemental compounds at the same proportion. The proportions in which the isotopes
occur are based on the relative stability of the atomic nucleus. The nucleus is held together (and
thrown apart) by. the interaction of nuclear forces and the nuclear particles. Elements have one
relatively stable isotope and may have one or several unstable isotopes. Unstable isotopes (called
radioisotopes or radionuclides) have nuclei that disintegrate due to the action of nuclear forces on the

particles of the nuclei.

Although radionuclides are relatively unstable, most are naturally-occurring and are present in small
quantities in elemental compounds. Most radionuclides are isotopes of metallic elements, although
tritium (a hydrogen isotope) is also encountered in environmental investigations. For the metallic
elements, the environmental fate of these radionuclides is based on the physicochemical processes
affecting the metals and on the radioactive decay that the radionuclide undergoes. The radioactive

decay processes are detailed witliin this section. ) -

As the nuclei disintegrate, radioactivity is released from the nucleus. This is called radioactive decay.
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There are three types of radioactive decay. These are alpha particles, beta particles, and gamma rays.
Alpha particles are comprised of two neutrons and tv;/o protons. Decay by emission of an alpha
particle causes the number of protons and neutrons in the atomic nucleus to change, thus creating a
different daughter element from the parent element (called transmutation). A beta particle is

comprised of an electron formed during the disintegration of a neutron. During the neutron

disintegration, a beta particle and a proton are in the atomic nucleus. The electron (the beta particle)
is expelled from the nucleus. Transmutation occurs during beta particle emission because an
additional proton is created during the disintegration. Gamma rays are photons emitted by the
nucleus as the energy state of the element is decreased. This typically occurs after transmutation or

nuclear collisions.

Gross alpha emissions, thorium, and tritium were detected on site in groundwater at the BRRP at
concentrations greater than the regulatory threshold. One of the radionuclides for which the soil
samples were tested decays by alpha emission, lead-212. Alpha emission does not travel far (only a
few centimeters in air). Generally the persistence of alpha emission on site depends on the half-lives
of alpha emitting radionuclides, the amount of radionuclides present and the physical characteristics
of the isotopes. Lead-212 has a half-life of 10.6 hours. The physical characteristics of lead are

discussed in section 6.1.2. Lead-212 was detected onsite at most sampling locations (61/68).

Most radionuclides, because of their large atomic sizes and the chemical reactions they undergo as
metals, are relatively immobile in soil/water systems. They are typically present as oxide or
hydroxide compounds with relatively low solubilities or as cations fixated within the soil matrix. The
amount of clay in the soil greatly affects the amount of metal sorption and, thus, the sorption and
movement of most radionuclides. Clays and organic soils strongly adsorb cations and fix metals at a

much greater rate than silts and sands.

Two factors which may increase the mobility of metals (and radionuclides) are the pH of the
soil/water solution and the amount of suspended particulate matter in the water system. An strongly
acidic pH value (typically 4.0 or less) increases the presence of cations in the solution and reduces the
amount of sorption of most metals. Suspended colloidal materials in the water system will adsorb
metals on to their structures and fixate the metals. However, the relatively small size of the colloids
allows the entire particle to be readily transported through the system. Thus, the metal remains fixed

in the soil matrix, but the matrix is transported through the aquifer. . -




Final RFI/RI Report for the WSRC-RP-94-1217, Rev. 1
Burma Road Rubble Pit July 1995

6.2 Contaminant Migration

The migration routes for contaminants identified at the BRRP are: surface runoff, migration of soil
contaminants into groundwater, groundwater flow, and airborne migration. These migration routes

are discussed in the context of the contaminants found in the various media on site.

Mercury was detected in upper aquifer at a concentration that exceeded the MCL. Mercury and
some mercury containing complexes volatilize from water and soils to the atmosphere. Mercury may
be adsorbed to organic particles. The primary routes of migration that apply to mercury are

volatilization and groundwater flow.

Carbon tetrachloride was detected in one sample from the upper aquifer zone at a concentration that
exceeds the MCL. Carbon tetrachloride has a strong tendency to volatilize from water to the
atmosphere. Carbon tetrachloride may be adsorbed to organic materials. Its K. and Kow indicate
an intermediate tendency to move from water to an organic phase. The primary routes of migration
that apply to carbon tetrachloride are migration to the atmosphere, groundwater flow and sorption to

soils.

.The fate of nitrite/nitrate is dependent in part on the populations of microorganisms and presence of
oxygen. Nitrites and nitrate are both soluble in water and may flow with the upper aquifer to the

west.

Radionuclides and indicators were measured in groundwater, soils, and surface water and sediments.
With the exception of tritium, radionuclides are large molecules and therefore not very mobile in the
environment. Lead 212, which emits alpha particles, decays with a half-life of 10.6 hours. Lead is
strongly adsorbed to soils. Tritium is very mobile in groundwater. As dicussed previously, tritium

is believed to have an upgradient source, the F-Area Inactive Process Sewer Lines.

Arsenic and beryllium were found in soils at concentrations exceeding the regulatory guidelines.
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7.0 - “BASELINE RISK ASSESSMENT

A Baseline Risk Assessment (BRA) was. conducted as part of this investigation of the BRRP. This

assessment included an cvaluatlon of risks to both human health and the environment that may result
from contammatron at the BRRP .The entire BRA is mcluded as Volume II -of this report. This "
chapter summarlzes the major conclusions of the BRA. Table 7-1 presents the contaminants

consrdered as constrtuents of potentlal concern.

The human health portion of the risk assessment evaluates whether the chemical and radronuchde .
concentratlons detected in soil and groundwater at the BRRP constituted an unacceptable ‘threat to
human health The ecological risk assessment assessed potential impacts to.biota caused by exposure
to chemical and radionuclide stressors from the BRRP. -

o : :
The'ecological ﬁsh'assessme’nt determined exposure pathways and established a conceptual model. on .
the basis of site reconnaissance and sampling results. _Chemicals of ecological concern were
estabhshed by comparing chemical concentrations (from samplmg results) to benchmarks, such'as )
background, ARARs (applicable or relevant and ‘appropriate requirements), and guidance values.
. Chemicals of ecologlcal concern were compared to literature toxicological concentrations- and
dosages to deterimine if chemrcal -stressors at'the BRRP were Tikely- to cause ecological risks. No,
contaminants in surface soil were shown to present an ecologlcal risk. In addition, no chemlcals in '
sedlments and surface water at the nearby borrow pit were .found to present an ecologlcal risk. For.
this reason and the 1nterm1ttent nature of surface water at- -the borrow pit, the sedlments and surface
water were judged unlikely to 1mpact aquatic receptors. No wetlands or Threatened and Endangered
* species were observed at the BRRP. Hence no ecological nsk is expected at the BRRP and the
vrclmty ) )
“The human health portion of the BRA-was based on the frequency of detection, relative toxic
potential chemical nutrient status, and-background concentrations of chemicals detected on site. An
exposure assessment was performed to provrde an mdrcatron of potential exposures which could
occur based on ‘the chemical concentrations- detected in the environmental media. - Constituents of
potentral concem included volatile organic compounds, semi-volatile organic compounds,. metals and

other inorganic analytes, and radionuclides.

An exposure assessment was: performed to provide an indication of the potential exposures which

could occur based on the chemical concentrations detected in. the environmental media during -
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TABLE 7-1 SUMMARY OF CONSTITUTENTS ‘OF POTENTIAL -CONCERN AT THE BRRP

BY MEDIA
| ’ . -Is thie analyte considereda‘conétitueﬁt of liotenﬁal concern? -

N 'L . Chemical " ‘SurfaceSoil = | ° Full Soil Column* | “Groundwater
Xylenes Yes | Yes© | es
Actinium-228 Yes * Yes Yes
Antimony-124 * Yes *.
Antimony-125 ' ‘ Yes" Yes . Yes .-
Barium-133 - * Yes Yes
Cerium-144 Yes - Yes . . Yes
Cesium-134 * Yes * Yes
Cesium-137 Yes Yes Yes
Cobalt-57 o _# Yes
Cobalt-58 Yes Yes Yes
| Cobalt-60 ¥ Yes Yes
Europium-152 * Yes Yes
Europium-154 ¥ ¥ Yes
Europium-155 . Yes ' Yes Yes
Lead-212 - - - Yes Yes - Yes o
Manganeée-54 ' Yes ' " Yes *
Neptunium-239 Yes Yes Yes
Potassium-40 ~ Yes Yes “Yes i
Prc;methium-144 Yes Yes . Yes
Promethium-146 Yes . Yes *
Radium-total' alpha * * Yes I

| Ruthenium-106 ' Yes Yes Yes
lsodium22 * Yes. Yes
Thorium-234 Yes Yes Yes -
Tin-113 * Yes Yes

Tritium  Yes Yes Yé ]

* . Not Detected Above Detection Limits

BB - Below Background .
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~ TABLE 7-1 SUMMARY OF CONSTITUTENTS OF POTENTIAL CONCERN AT THE BRRP
BY MEDIA (contmued) '

; ' “Is the analyte consxderedaconstltuent of concern" '

~ Chemical - * - Surface Soil . * | - Full Soil Column -‘Groundwater
Yurium88 - | C Ve | Yes -  Yes
Zinc-65 . . : Yes © . | yes  Yes I
Zirconium-95 . - - [ ¢ Yes - . Yes . 1 - - Yes jl \
Nonvolatile beta - - J - Yesw - |- Yes. — * * 1'
Gross Alpha, L £ Lk Yes ]I
Aluminum™ - . - Yes . BB , Yes - "
Antimony ~ /. - U Yes _ Yes' . | Yes 7,
Arsenic L 'BB " BB . 7 Yes 1,
Barum ~.© .- - |- ° pBE ;. BB .’ .- Yes - jl
Beryllium ., - - BB . " BB : Yes R
Bbron ' S * . ’, I Yes - "
‘Cadmium . 2 . AL * v ' o Y&s Lo - Yes ]l )
éhfomium (total)" : . Yes L N 'BB. : -Yes - jl
[ cobait s | BB | Yes B
Leéd-\‘ : .'_’ - BB . . BB : -~ -Yes = - " :
Maﬁganes’e T ‘BB. . | - _ BB . Yes' :“
Meréury o ool Yes ot - LT . BB ° - Yes ' ‘
Nickel e Yes . . > 'BB - Yes TI
ISelemum L ;oo : ; .Y&c " _ ] Yes. - . "
lSllver S : s - Yes. - L "
Ih‘halhum L e T e Yest 1,
Vanadiiim 1 - BB | - BB - Yes -+ .- " ‘
Zinc o " BB - | . O Yes Ji

,Lcyanicie' ' L. Yes -+ | -pB ‘- _Yes - JJ

. [

* - Not Detected Above Detectlon ants
BB Below Background
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sampling activities. The site was historically utilized as a dlsposal area for solid inert waste over the (
period of 1973 through 1983 The only. exxstmg exposure scenarios identifiable for the. BRRE were .
for envrronmental researchers who may work or.traverse the site vicinity on an intermittent/limited
basis. - The envrronmental researcher. receptor scenanos weie also evaluated on a future scénario basis.
In addition, conservauve future resrdentlal and occupauonal land use scenarios were exammed to
characterize the worst case exposures. for a hypothetxcal future receptor. Although such future
residential and occupatronal on-site scenanos are unlikely, it was assumed that the site would be- ‘
‘developed for residential or-occupat,xonal/commercral purposes in the future -and that an" adultand a -
child resident would live in.a house built on the site or a worker-would be employed on=site.” The,
soils were assumed to be devoid of co\rer (i.e., vegetation, concrete, gravel, etc.). The‘ ambient air
concentrations of the constituents of potential concern which would be expected to be associated wilth"
the maximum chemical .concentrations in soil were derived from ‘conservative predictive m'odeling-‘-
techniques. - ' ' :
Existing and hypothetlcal future pathways were ‘evaluated quantitatively for exposure to soils-and
groundwater: 1ngestlon of soﬂ mhalatlon of vapors and/or partlculates from soil, dermal contact’ with
soil, external radiation exposure to sail, external radiation/air immersion, mgestlon of homegrown- (

produce, ingestion of groundwater, dermal contact with groundwater and inhalation of vapors from:

v . 4 .
. N . V. -

groundwater. -

- A toxicity assessment was. performed to determine appropnate toxrcny values for the constltuents of
.potentlal concern. The toxicity values represent the exposure levels which are expected to be w1thout
adverse non-cancer-health consequences or which would be protectwe -against excess cancer risk. In. N
addition, the toxicity assessment identifies the critical toxic effects associated with the chemrcals of ~

"\

concern, ‘as well as any 'ARARSs for the constltuents of potentlal concern.

-A risk characterrzatlon was conducted for the constituents of potentlal concern in whrch the exposure '
levels calculated i in the exposure assessment were compared to the tOXlClty values identified.in the .
toxicity assessment ‘U.S. EPA sk assessment requlrements stlpulate that a noncancer hazard index
of 1.0'and a cancer risk estimate of 1:0E-06 must- not-be exceeded to demonstrate that site condmons

are not associated with- unacceptable human. health effects Cancer nsk criteria of 1E—04 to’ 1E-06'

represent a risk range of concern. . : . : S .

Total site hazard indices and nsk estimates were calculated for both the adult and child receptor. The - : ( 24

hazard 1nd1ces and risk estimates represent the summation of the hazards and risks for the

[ . - » _‘.
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constituents of potential cOncem across the relevant exposure pathways. The total site noncancer

hazard indices were below unity and cancer risk levels were below 1.0E-06, for the existing and future _

case envxronmental researcher SCCH&I’IOS

The future case reSIdentlal and occupatlonal scenarios showed total hazard and risk levels whlch
exceeded U.S. EPA crltenon values. Exposure to ‘chemicals in groundwater provided the’ pnmary

contribution to the total noncancer hazard levels for the future residential and occupational scenarios.

" The total carcinogenic nsks (ie., chemlcal-lradlonuchde-specxﬁc risk >1E-06) for the future .

resxdentxal ‘and occupational scenario were primarily associated with groundwater mgestlon and /or

mhalatlon for chemicals and radionuclides.

[ ;y,'f 91"‘- .
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8.0 " SUMMARY AND CONCLUSIONS

The primary objective of this investigation was to determine the extent of contamination on site,
specifically determining sources of contamination, delineating possible. hazardous releases to soils,
delineating possible hazardous releases to groundwater, and delineating possible hazardous releases to
sediments and surface water. To this end, a geophysical investigation, soil sampling investigation,

groundwater sampling investigation, and surface water and sediment investigation were conducted.

8.1 Sources of Contamination

The GPR survey, magnetic survey and EM survey identified two trenches on site, potential sources of
contamination. The EM survey and the magnetic survey determined that metallic debris were located
in these pits. The EM survey suggested that the highest concentrations of metallic debﬁs were in the
-east corner of the north trench. The EM survey and magnetic survey were not able to identify the
type of objects (such as drums) within the trenches due to the high concentrations of metal objects
within the trenches. Debris and rubble were encountered while drilling soil borings along the
perimeter of the trenches. During the in-pit boring investigation, the OVA detected high
concentrations of volatile organic substances at three: locations along the trenches: BRRP 4 (along the
ﬁonhem edge of the northern trench), BRRP 12, and BRRP 15 (along the southern edge of the

southern trench).

The EM and magnetic survey also detected an unidentified buried metal object in the northwest
comer of the BRRP unit in an area of disturbed soil.

8.2 Soil Contamination

Surface and subsurface soil samples were collected from seventeen locations on site. Soil borings
indicate that the soil in -the vicinity of the BRRP is of a sandy constituency. Metals, semi-volatile
organic compounds, volatile organic ‘compounds, radionuclides and one pesticide (Aldrin). were -
detected in soil samples. Volatile organic-compounds were detected on site at low concentrations,
several orders of magnitude less than the regulatory thresholds. There were no semi-volatiles
detected on site that exceeded CBC or-RBC levels. The metals detéctéd at the BRRP included arseriic
and beryllium. Radionuclides were detected in the soils samples' at concentrations that exceeded
either their CBC and/or PRG. The radionuclides included actinium-228, cobalt-60, europium-154,
europium-155, lead-212, manganese-54, neptunium-239, zinc-65, and zirconium-95. It should be
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noted that actinium-228 and lead-212 are naturally occurring radionuclides. Aldrin did not exceed
its RBC level. It should also be noted that since arsenic. was used as a component of agricultural
chemicals in the period before the SRS existed, the detected arsenic values may be 2 result of farming
activities in the 1930's through 1950.

8.3 Groundwater Contamination

Metals, volatile organic compounds, semi-volatile organic compounds, radionuclides and one
pesticide were detected in groundwater samples. Nitrate/nitrite (as nitrogen), mercury, carbon
tetrachloride, gross alpha particle activity, tritium, and thorium-234 were all detected in groundwater
samples at concentrations that exceeded primary SDWA standards. According to a report (Rabin,
1995) which compared BRRP groundwater contamination to upgradient sources, nitrate/nitrite (as
nitrogen), carbon tetrachloride, and tritium concentrations detected in the BRRP gro_un_dwater are the
result of upgradient migration. The other com_poﬁnds may also be the r‘esult of upgradient

migration, or have concentrations less than the F & H remediation goals.

It silould be noted that thorium-234, as identified by gamma i)ulse height analysis, has a 24-day
half-life. Uranium-238, the parent of thorium-234 and an alpha emitter, would have to present
along with thé thorium-234 if groundwater contamination is the case. Gross alpha analysis does
not support groundwater contaminaﬁon conditioné in the BRR wells. Thus, the thorium-234
values in the BRR wells are suspect due to the presence of the "J* qualifiers (which represent

estimated values) reported with the results and the potential for counting errors in the analyses.
8.4 Contamination in Surface Water and Sediments

No compounds were detected in surface water and sediment samples at concentrations that exceeded
the CBC, RBC, PRG or SDWA-MCL levels. Arsenic was detected in runoff sediment samples at

concentrations that exceeded the carcinogenic RBC level. As previously discussed, arsenic was used

as a component of agricultural chemicals in the period before the SRS existed, the detected arsenic
values may be a result of farming activities in the 1930's through 1950.

8.5 Proposed Path Forward

Based on the review of the analytical data and the screening techniques used to detetmine the

chemicals of concern, it is beifxg proposed that no action be performed at the BRRP unit. Per the
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BRA, analytical data from surface soils, sediments, and surface water as well as subsurface soils have
been demonstrated to pose no risk. Source characterization has shown that historical documents are
correct in stating that only inert material has been disposed of at the BRRP; therefore, the BRRP is not

expected to be a future source of contamination.

Although there is groundwater contamination beneath the BRRP, the groundwater contamination is
due to migration from upgradient sources in the General Separations Area (i.e., F-Area Inactive
Process Sewer Lines and the F-Area Seepage Basins). Appendix L contains a report that compares
the groundwater contamination beneath the BRRP to the upgradient sources. Groundwater
contamination, both horizontal and vertical extent, will be characterized prior to Phase II of the
RCRA Corrective Action Plan for the F-Area Groundwater Operable Unit. A Phase III
Assessment Plan to describe the F- and H- Inactive Process Sewer Lines characterization will be
submitted within 60 days of the effective date (October 5, 1995) of the Hazardous Waste
Management Facility RCRA Part B Permit.

~r
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