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726 Minnesota Avenue

Kansas City Kansas 66101

October 23 1998

Subject Response to U S EPA Comment Letter Supplemental Data Collection &
Evaluation Report McGraw Edison Superfund Site Centerville lowa

Dear Mr Cook

Woodward Clyde International Americas 1s submitting the enclosed response to the U S EPA
September 23 1998 comment letter on behalf of Cooper Industries The U S EPA letter
provided comments on the Report on Supplemental Data Collection and Evaluation of
Alternative Groundwater Remedy July 1998 by Golder Sierra Responses to the specific
comments are provided 1n a response letter by Golder Sierra followed by a revised report

Please call Chris Smith (Cooper Industries) at (713) 209 8638 if you have any questions

Enclosures

cc C Smith
H Dawvid Sanders (Black & Veatch)
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GOLDER
SIERRA

October 23 1998

Cooper Industries Inc Our Ref 986 1083
600 Travis Suite 5800
Houston Teaas 77002

Attention Mr Christopher L Smith
Senior Project Manager Environmental Affairs

RE REVISED REPORT ON SUPPLEMENTAL DATA COLLECTION AND
EVALUATION OF ALTERNATIVE GROUNDWATER REMEDY
(IRON REACTIVE PERMEABLE BARRIER AND NATURAL ATTENUATION)
McGRAW EDISON SUPERFUND SITE
CENTERVILLE 10WA

Dear Chris

Golder Sterra LLC (Golder) 1s pleased to submit this Revised Report on Supplemental Data
Collection and Evaluation of Alternative Groundwater Remedy (Iron Reactive Permeable Barrier
and Natural Attenuation) for the McGraw Edison Superfund Site (Site) This report has been
revised 1n response to USEPA letter dated September 23 1998 with comments on the July 50
1998 Supplemental Data Collectton and Evaluation of Alternative Groundwater Remedy Report
A separate letter responding to the individual USEPA comments in the September 23 1998 letter
has been included n this report following this cover letter

Golder appreciates the opportunity of assisting Cooper Industries Inc on this project If you
have any questions please do not hesitate to contact Rafael Ospina or Grant Hocking at (770)
496 1893 in our Atlanta office

Very truly yours

GOLDER SIERRA LLC

1‘% SPirac
afael I Ospina PE

Sentor Project Manager

RIO/ri0
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GOLDER
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October 23 1998

Cooper Industries Inc Our Ref 986 1083
600 Travis Suite 5800
Houston Texas 77002

Attention Mr Christopher L Smith
Senior Project Manager Environmental Affairs

RE RESPONSE TO EPA COMMENTS ON REPORT ON SUPPLEMENTAL DATA
COLLECTION AND EVALUATION OF ALTERNATIVE GROUNDWATER REMEDY
(IRON REACTIVE PERMEABLE BARRIER AND NATURAL ATTENUATION)
McGRAW EDISON SUPERFUND SITE
CENTERVILLE, IOWA
UAO No VII 94 F0008

Dear Mr Smuth

Golder Sierra LLC (Golder) 1s pleased to submit this letter responding to the EPA Region VII (EPA)
comments on the Report on Supplemental Data Collection and Evaluation of Alternative Groundwater
Remedy (Iron Reactive Permeable Barrier and Natural Attenuation) by Golder dated July 30 1998 This
letter presents the response to comments submitted by EPA 1n a letter dated September 23 1998

The format of this letter includes the comments by EPA (indicated in bold and 1talics) followed with the
respective answer The comments and answers are detailed below

COMMENTS AND ANSWERS

1 Page7, Section222 The analytical results for the 16 duplicate samples and the 7 rinsate
blank samples that were sent to RECRA LabNet do not appear to be included in the report These
sample results should be included

The results are included n a separate data transmittal dated October 19 1998 to US EPA The sample
identification number the date sampled description and lab data package where the analytical results can
be found are 1dentified on the attached Table B 1 The sample ID number for the soil laboratory analyses
that duplicated the field gas chromatograph (GC) analyses are shown on the attached Table B 1 QA/QC

Tables B1 and B 1 QA/QC will be included in Appendix B 3 of the Revised Supplemental Data
Collection and Evaluation of Alternative Groundwater Remedy Report (Revised Supplemental Data
Collection Report)
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2 Page 8, Section 23 The paragraph indicates that most of the wells experienced at least a 50
percent drop in TCE concentrations over the past four years This statement should be re phased
to better state the data results

The statement has been rephrased n the Revised Supplemental Data Collection Report to better state the
data results

3 Pagel3, Section233 The QC results should be included in the report

The QC results are ncluded in the complete data package transmittal dated October 19 1998 The
sample identification number the date sampled description and lab data package where the analytical
results can be found are identified on the attached Table B 1

4 Page 20, Section 3 3 2 The first line of the second paragraph refers to Figure 5 The
reference should be to Figure 10

The figure number has been changed 1n the Revised Supplemental Data Collection Report

5  Page 26, Section 353 The last paragraph indicates that a comparison of the UW/EIT
laboratory data and the RECRA LabNet laboratory data in Appendix E 1 Show good agreement
Sor the influent data  Since the detection linuts for the RECRA LabNet data are 50 nucrograms
per liter and the contanunant concentrations if present appear to be below these detection limuts
state how tlus data agrees

For high VOC concentrations RECRA LabNet have a reported detection limit of 50 pg/L and UW/ETI
have a reported detection hmit of 5 10 pg/L. at low VOC concentrations RECRA LabNet have a reported
detection imit of 0 1 to 1 pg/L and UW/ETI have a reported detection imit of 5 10 pg/L  In the influent
sample t1e high VOC loading and high VOC concentration there is reasonable agreement and in the
effluent1e low VOC loading and low VOC concentrations both laboratories reported virtually all VOC
compounds to be non detect for their respective detection limits

The first sentence of the last paragraph 1n page 26 Section 3 5 3 will be replaced with the above sentence
in the Revised Supplemental Data Collection Report The method detection imits (MDLs) by UW/ETI
laboratory which were not included 1n the July 30 1998 submittal will be included in Appendin E 1

6 Page27, Section 362 The reference to Figure 12 1n the second paragraph should be to
Figure 17

The figure number has been changed in the Revised Supplemental Data Collection Report

GOLDER SIERRA
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7 Page29, Section 4 1 The TCE concentration of 1100 000 ug/L dentified in MW 2 should

be included on Figure 7

The TCE concentration of 1 100 000 ug/L 1dentified in MW 2 will be included on Figure 7 of the
Revised Supplemental Data Collection Report

8 Page 30, Section 43 The second paragraph indicates that the majority of the low Eh values
are located in the TCE plume as shown in Figure 7 However the majority of the low Eh values
actually appear to be located outside the 10 microgram per liter contour line Thus statement
should be revised accordingly

The Eh values have been shown as contours on a new Figure and Section 4 3 has been edited in the
Revised Supplemental Data Collection Report to reflect the actual data collected 1n the field

9 Page 31, Section 43 MW 2 1n the first line at the top of the page should be MW 3

The third paragraph in Section 4 3 has been edited The reference to the monitoring wells has been
removed 1n the third paragraph of Section 4 3

10 Page 32, Section 4 4 The first paragraph indicates that increasing TCE concentrations were
reported only at two wells MW 2 and WT 18 Tlus appears to be an incorrect statement
According to the data in Table 1 TCE concentrations also appear to be increasing in MW 6 (5 to
92) MW 7 (ndto31) and WT 14 (0510 08)

The first paragraph of Section 4 4 has been edited and an additional paragraph added in the Revised
Supplemental Data Collection Report to reflect all the wells that showed an increase in TCE
concentrations in the 1998 sampling event and the spatial change in groundwater TCE concentrations
between the 1994 and 1998 sampling events

11 Page 32, Section 4 4 The fifth sentence of the second paragraph states that such
reductions in cis 1 2 DCE are seen across the site  The data in Table 2 indicates the cis 1 2 DCE
tncreased What data indicates the cis 1 2 DCE concentrations are decreasing?

The statement  such reductions m cis 12 DCE are seen across the site has been removed from the
second paragraph in Section 4 4 and the statement For example in MW 84 the TCE concentration
decreased from 240 ppb to 7 ppb(1994 to 1998) and cis 1 2 DCE decreased from 0 8 ppb to non detect
over the same period was added 1n the second paragraph of Section 4 4 1n the Revised Supplemental
Data Collection Report

GOLDER SIERRA
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12 Page 33, Section 4 5 This section indicates the total number of points accumulated in

scoring this site for NA 1s 19 Some of the scoring in Table 8 may be overly generous For
example the maximum score of 2 is given for mitrate even though one data pont is above 1 mg/L
and one data point 1s below 1 mg/L  The maximum score of 2 1s given for sulfate even though
only one data point is below 20 mg/L  The maximum score of 1 1s given to carbon dioxide and
alkalinity even though only one data point 1s greater than two times background Fnally the
maximum score of 3 1s given to ethene/ethane even though no ethane concentrations are greater
that 100 micrograms per liter Using scores for carbon dioxide alkalimity and chloride s
questionable since there 1s no representative background sample that can be used as a basis of
comparison Tlus rating requures further explanation and possible adjustment  Additional
sampling may provide more conclusive evidence to support NA as a viable remedial option

The total number of points assigned 1n the Scoring System has been re evaluated providing a new total
score of 16 Table 8 in the Revised Supplemental Data Collection Report shows the new scoring
assigned to the different parameters considered in the evaluation Additional explanation has been
provided 1n the second paragraph of Section 4 5 of the Supplemental Data Collection Report

The score of 16 would mark the Site as having adequate evidence of Natural Attenuation The
evaluation of Natural Attenuation at the Site 1s determined n order of importance from the following

1 Groundwater TCE Concentrations
e Spatial distribution and Time Trends of Concentration Data

2 Presence of Daughter Products
e csl2DCE
e ethene and ethane

3 Natural Attenuation Indicators

e presence of electron donors
reduction of computing electron acceptors
evidence of Cometabolic Degradation
availability of growth substrates
evidence of mineralization

4  Site Ranking of Parameters

Considering the significant reduction in TCE concentrations in the groundwater and the presence of
daughter products 1t 1s concluded that there 1s adequate to strong evidence of Natural Attenuation

mechanisms being active at the Site
Natural Attenuation (USEPA 1996b) 1s those processes being biodegradation dispersion dilution

adsorption or other natural processes that will attain required cleanup levels within a reasonable time
frame

GOLDER SIERRA
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13 Page 39, Section 5 2 Explain how was the injection well spacing of 15 feet deternuined?

The spacing of 15 feet provided n the July 50 1998 submittal 1s a typical value The actual spacing
between hydrofracturing wells will be determined during the design phase of the IRPB

14 Appendix B 3 Because the QA/QC analytical results are not included 1n the report it is
difficult to review the data validation discussion All QA/QC work sheets should be included with
the data results

All ot the QA/QC analytical results are included in the complete data transmittal dated October 19
1998 The sample 1dentification number the date sampled description and lab data package where the
analytical 1esults can be found are 1dentified on the attached table

In addition the attached Table B 1 1 QA/QC (soil results) and Table B 2 2 QA/QC (groundwater) have
the data qualifiers that were omitted from the tables in the original report dated July 30 1998

15 Section 4 32, Page 30, Third Paragraph Why are only the 1994 data discussed? According to
page 12 iron analyses were performed in 1998 also The 1998 iron data should be presented and
discussed

Testing for ferrous tron (II) in the field was not performed during the 1998 sampling event and due to
sample aeration would not have yielded representative values This statement will be included in the
discusston 1n section 4 3 2 1n the Revised Supplemental Data Collection Report

Data reported by the laboratory on iron is not representative of ferrous iron (II) but 1s the total iron since
nitric acid 1s added to the sample during sampling Therefore the data reported by the laboratory have
not been included in the Report

The following comments may be addressed in tlus resubmutted report or must be addressed in the
supplement to the FS

1 Page 43, Section 5 5§ The first bullet at the top of the page indicates the down gradient TCE
concentrations from the IRPB should decline with time to less than MCL levels within a moderate
time frame of 10 to 15 years How many years will be required to deternune if the IRPB is
working satisfactorily? What steps will be taken if it 1s determined that the IRPB is not reducing
the TCE concentrations to MCLs?

Two years will be required to determine if the IRPB 1s performing satisfactority Contingency measures
will be discussed 1n the Supplemental FS Such contingency measures may nvolve additional iron
injections or the mstallation of a second IRPB

GOLDER SIERRA
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2 Page 48, Section5 65 Performance monitoring to determine if NA is occurring should be
discussed

Performance monitoring for NA will be discussed in detail in the Supplemental FS

3 Page 5l Section 5 7 The first bullet at the top of the page indicates that both systems are
Judged to be limited in the short term. Why 1s the VGR system linuted in the short term?

The VGR system 1s limited 1n the short term due to its low imposed groundwater gradient thus low
groundwater flow velocities and long flow path ways in the upper/intermediate sands to the VGR
extraction wells ETG (1994) concluded that the VGR was limited 1n the short term for the same above
reasons

4 Page5l, Section 5 7 The second bullet indicates the IRPB 1s assessed to be more effective
and more reliable than a pump and treat system Why 1s this true when the IRPB 1s more of an
innovative treatment system?

The IRPB 1s targeted at remediating contaminated groundwater while the VGR s not selective and
would extract both contaminated and non contaminated groundwater IRPB technology has shown to be
effective over the past five (5) years without any impact on performance and with the high degree of
confidence that IRPBs will be effective for fifteen (15) years IRPBs have only been in place for five (5)
years and thus are considered a new innovative technology

5 Page 53 and 54, Section 6 2 The text indicates that the TCE groundwater concentrations
down gradient of the IRPB and in the remnant plume down gradient of the IRPB will be degraded
to MCLs 1n ten years A backup or contingency remedy that will be implemented if the TCE
concentrations are not degraded to MCLs should be discussed At this time the contingency
remedy will be the selected remedy as presented in the Record of Decision

The contingency remedy will be presented in the Supplemental FS

6 Page 30, Section4 3 The reported concentrations of iron in Table 1 should not be used as
tron (1) concentrations in assessing the site Using filtered total iron results to deternune the iron
(1) concentrations 1s too qualitative The 1ron (II) concentrations should be measured in the field
immediately after collection

Agreed the iron (II) concentrations should be measured in the field immediately after collection
The concentrations of dissolved ron 1n Table 1 will not be used as iron (II) for scoring the site for

Natural Attenuation activity and therefore these values have been removed from the table A score of 0
will be given to 1ron (IT) in Table 8

GOLDER SIERRA
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7 Groundwater modeling was performed to support the conclusion that biodegradation is actively
decreasing the concentration of TCE in the groundwater The models used are very limited in
thetr ability to actually simulate site conditions Based on the limited data presented 1n tlus report
(Figure 28) the geologic strata in the aquifer are not at all conducive to using a simplistic
analytical model The modeling effort presented is not supported by a complete discussion and the
conclusions of the modeling are not fully supported

Further discussion and a back analysis and forward prediction parameter sensitivity analyses were
conducted to evaluate the expected range of outcomes The parameter sensitivities were first evaluated
for back calculation best fit to the current Site TCE concentrations 1e 30 years since plant operation
began From these back calculated parameter values a 10 year forward projection was computed which
calculated only a small variation n times to achieve groundwater remediation goals for the range of
parameters constdered

The 1D and 2D transient models used for fate and transport analysis were in close agreement Sensttivity
analysis of input variability demonstrated the robustness of model back analysis calibration from site
historic data

The sensitivity analyses are presented on two new Tables 9 and 10 and model description and sample
output are ncluded 1n a new Appendix F It has been demonstrated that these models are sufficient to
forecast the expected conditions n ten (10) years based on calibration from site data over the past 30
years

8 Section 4 3, Page 31, First full paragraph, Sentence 4 Tlus sentence indicates that MW 8 1s
near the plume source In fact MW 8 appears to exist on the edge of the plume downgradient of
the source The sulfate data appears to be inconclusive at best Data from MW 2 and MW 84
wluch are both near the source are have sulfate concentrations greater than the sulfate
concentration in MW 23WT The sulfate data from these wells 1s contradictory

The sulfate data should be presented on a contour map like the other parameters

Sulfate data has been presented as contours on a figure in the Revised Supplemental Data Collection
Report and the spatial variability 1s discussed in Section 4 3 of the Revised Supplemental Data
Collection Report

9 Section 4 3, Page 31, Second full paragraph No true background samples were collected to
show that ethane and ethene are only present because of the degradation of TCE If ethane and
ethene are present in background samples their presence 1s meaningless

Elevated ethane and ethene concentrations were only detected in the high TCE concentration source
wells along with other TCE daughter products The correlation of high ethane and ethene values with
high TCE concentrations 1s supportive evidence that NA 1s occurring at the site  Only low ethene and
ethane concentrations were detected in the remaining wells

GOLDER SIERRA
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10 Section 4 6 1, Page 34 A porosity of 35% seems excesswvely high Why was this value used?
Values ranging from 20% to 25% are more commonly accepted What impact does changes in this
value have in the modeling results?

A value of 35% porosity was determined from soil classification and a widely used reference text book

From our experience this value 1s reasonable for the type of soils at the Site  Recompacted Site soil
samples subjected to the leak off tests were determined to have a porosity of 0 33 to 0 34 see Table 5

However if the porosity of the upper and intermediate sands ranged from 0 25 to 0 35 the conclusions of
the report would stand un changed For example sensitivity analyses were conducted using a range of
porosity of 0 25 to 0 35 to back calculate other parameters to best fit current Site TCE concentrations and
then forward predict the time to achieve groundwater remediation goals

The results from these analyses are given below

Porosity Retardation Dispersion Degiadation Computed Groundwater TCE Time to
(n) Coefficient (D) | Coefficient (D) | Half Life for Concentration (ppb) at 50 Yrs Along Achieve
(ft /day (ft /day) TCE (t,) Plume Major Flow Axis Remediation
(days) Goals TCE
<5ppb (yrs )
200 ft 400 ft 600 ft
025 14 1>7 600 1291 249 48 114
0> 14 1>4 600 1292 249 48 111
0,55 14 16 6 600 1291 249 48 109

Notes (1) Parameter D was computed to fit current site TCE groundwater concentrations and be within
the acceptable parameter range

The conclusions on the performance of the IRPB are not impacted by considering a range of porosity
from 0 25 to 0 35 because the barner 1s significantly over designed

The distribution coefficient (K,) 1s generally corrected to account for the amount of organic
carbon 1n the aquifer by the following equation

K,=K *f

Where K 1s the organic carbon distribution coefficient of the contaminant and f 1s the fraction
of organic carbon in the aquifer Is the fraction of organic carbon known for the aquifer” If it is
known it should be accounted for in the retardation factor If the amount of organic carbon is
unknown then a significant data gap exists Sensitvity analyses should be performed to evaluate
the impact of uncertainty n the retardation factor The uncertainty of the retardation factor i1s a
significant data gap and can have a significant impact on model results

A more detailed discussion of the concept which was applied in using the model should be
provided The discussion must be present to support the conclusions The discussion should
include assumptions of the model model input parameters (these have been discussed except a
more detailed discussion regarding the contaminant source in the model should be more fully
discussed) model calibration sensitivity analysis evaluations and all significant simulations

GOLDER SIERRA
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Model output should be discussed and supported with additional graphs or maps A discussion on
the linutations of the model should also be included

The evaluation of K, for TCE 1s discussed further in Section 4 6 1 of the Revised Supplemental Data
Collection Report The f for the sands at this site has been determined and 1t has been documented
(reference cited in Section 4 6 1) that K, = K *f under estimates K; A sensitivity analysis has
been conducted on K; D and t, and has confirmed the robustness of the back calculation procedure

and provides greater confidence in the 10 year forward prediction of TCE groundwater
concentrations The time to achieve groundwater remediation goals was computed for a range of
inputs and concluded that the time to achieve such goals ranges from a low of 9 years to a high of 1>
years Detailed discussion of those additional analyses 1s provided in Sections 4 6 1 and 4 6 2

The dispersion factor can have an significant impact on concentrations downgradient of the
source area A sensitivity analysis should be run to evaluate the impact of uncertainty of this
value

Sensitivity analysis has been conducted and reported in Section 4 6 1 of the Revised Supplemental
Data Collection Report

Please provide additional discussion regarding Figure 23 Discuss the sumulations wlich support
the data on tlus figure Was the simulation steady state or transient?

The simulation was transient and further discussion supporting the data on this figure 1s provided in
Section 4 6 1 of the Revised Supplemental Data Collection Report

Section 4 6 2, page 36 One paragraph of discussion 1s insufficient supporting documentation
to support the conclusions presented  The second paragraph of Section 462 should be
significantly expanded to discuss the conceptual model the assumptions of the model the
calibration of the model the sensitivity analysis the simulations and the imitations of the model
Model output should be presented to support the conclusions the calibration and the sensitivity
analysis of the model

Additional discussion has been included 1n Section 4 6 2 1n the Revised Supplemental Data Collection
Report along with further analysis and model output to support the conclusions calibration and
sensitivity analysis of the model Output has been presented 1n Appendix G 1 for the 1D transient model
used for the analysis 1n Section 4 6 1 and in Appendix G 2 for the 2D transient model used for the
analysis in Section 4 6 2 in the Revised Supplemental Data Collection Report

GOLDER SIERRA
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Golder believes the above answers to the EPA comments on the Supplemental Data Collection and
Evaluation of Alternative Groundwater Remedy Report are appropriate If you have any questions
please do not hesitate to contact us

Very truly yours

GOLDER SIERRA LLC

P e Opo

Rafael'l Ospina PE
Senior Project Manager

R

Grant Hocking Ph D
President

RIO/GH/rio
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Table B 1
QUALITY ASSURANCE/QUALITY CONTROL
FIELD SUMMARY

MAY 1998
McGraw Edison Site
Centerville, Iowa

ID # Sample Date Description Data Package
MW 7 5/13/98 GW Duphcate CC
MW 23WT 5/6/98 GW Duplicate AA
EW 1 5/12/98 GW Duplicate CcC
BR 10 5/8/98 GW Duplicate DD
MW 7A 5/13/98 GW Matrix Spike CC
MW 7A 5/13/98 GW MS Duplicate CC
MW 24 5/26/98 GW Field Blank BB
MW 30 5/6/98 GW Field Blank AA
MW 31 5/6/98 GW Field Blank AA
MW 32 5/7/98 GW Field Blank DD
MW 33 5/8/98 GW Field Blank DD
MW 34 5/13/98 GW Field Blank CcC
Rinsate 2 4/29/98 Soil Field Blank FF
Rinsate 3 4/30/98 Soil Field Blank FF
Rinsate 4 5/1/98 Soil Field Blank EE
Rinsate 5 5/2/98 Soi1l Field Blank EE
Rinsate 6 5/2/98 Soil Field Blank EE
P2 4/30/98 GW Duplicate of EE
Field GC Analysis
Pé6 5/2/98 GW Duplicate of EE
Field GC Analysis

Notes/Legend
GW = Groundwater

QC duplicates for so1l samples collected and analyzed by field GC are shown on the
attached B 1 1QA/QC

10/19/98 91C3337D 102 A M EQAQC doc



Table B 11 QA/QC
TCE Concentrations of Soil Samples
McGraw Edison Site Centerville lowa
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1998 TCE
Well ID (/L)

MW 1 nd
MW 2 1100000 J
MW 3 nd
MW 3A 6 400J 7 000dupJ
MW-4 nd
MW 5 nd
MW 6 92J
MW 7 31J 1dupJ
MW 7A 2J
MW 8 1J
MW 8A 7J
MW 9
MW 19WT 70J
MW 20WT 20J
MW 21 nd
MW 22WT nd
MW 23WT nd
ALLEN WELL 51J
WT 11 nd
WT 12 nd
WT 13 nd
WT 14 08J
WT 16 nd
WT 18 45)
EW 1 14J 12dupJ
BD 11 nd
BD 12 nd
BD 13 nd
BD 14 nd
BD 16 nd
BD 18 4)
BR 10 nd
NOTES

* Grab Sample

dup Duplicate Sample

nd Constituent not detected during analysis of sample
Not Obtained

MOnitoring well MW 9 was not analyzed in May 1998 because a dead animal was stuck in the well

October 19 1998

Table B 2 2 QA/QC

Summary of May 1998 Groundwater TCE Analyses
McGraw Edison Site

Centerville lowa

J= Estimated concentration for detected analytes

see W C July 30 1998 memo

Woodward Clyde
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EXECUTIVE SUMMARY

A soil and groundwater field sampling program plus a feasibility assessment of a Permeable
(Reactive) Barrier and quantification of natural attenuation processes at the McGraw Edison
Superfund Site are contained in this report This effort was conducted as per the Soil and
Groundwater Field Sampling Plan submutted to the USEPA on June 13 1997 and with response
to comments on November 5 1997 and was subsequently approved by the agency on December
11 1997 with response to final comments provided to the agency on January >0 1998

The objectives of the work plan were as follows
O to assess current Site conditions to finalize the remedial design
Q) to further delineate the soil contamination in the South Culvert Area

O to assess the feasibility of implementing an alternative groundwater remedv utihizing an
Iron Reactive Permeable Barrier (IRPB) and

U to evaluate and quantifv anv Natural Attenuation mechanisms active at the Site

The field work consisted of nine (9) soil borings to depths of 40 feet in the South Culvert Area
with continuous soil samples collected for TCE contamination analysis Groundwater samples
were tahen at the bottom of eight (8) of these borings and analyzed for TCE The thirty two (52)
extsting monitoring wells were sampled and analvzed for TCE contamination and five (5) of
these wells were further sampled and analyzed for Natural Attenuation parameters Two soil
borings were completed near the TCE Storage Area for collection of samples for the IRPB
assessment Groundwater was collected from monitoring well MW 5A for a laboratory column
reactivity test to assess the suitability of the Site groundwater for an 1ron reactive barrier

The 1ron reactivity column test quantified the degradation half lives for TCE and ci1s 1 2 DCE in
the presence of zero valent granular iron and also completed inorganic analyses to determine
whether any precipitation or clogging might occur Laboratory studies were conducted on the
Site soils to quantify the feasibility of constructing an IRPB using the orientated vertical
hydraulic fracturing technology Natural Attenuation processes at the Site were quantified from
the bioparameter analysis of the Site groundwater Numerical model simulations back calculated
Natural Attenuation processes from historical and current data The results of the modeling were
used to predict future impacts of Natural Attenuation processes on Site wide contamination in
the groundwater The degradation ability of the IRPB was quantified for all of the potential
organic constituents of concern at the Site using Site data and the degradation half lives from the
column test

The sotls in the South Culvert Area were found to have TCE concentrations less than 150 pg/kg
with 98% of the soil volume sampled having TCE concentrations less than 100 pg/kg and 65%
of the soil volume sampled having TCE concentrations below detection limits TCE
concentrations 1n the groundwater were found to be generally lower than those values reported in
the last sampling round of 1994 The assessment of the Natural Attenuation bioparameters
indicated significant Natural Attenuation occurring at the Site with a complete degradation
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pathway evident due to the presence of end products of the degradation cycle ethane and

ethene

The reactivity of the zero valent granular ron was capable of completely degrading the

volatilc organics 1n the Site groundwater From the iron reactive column test a half life for TCE
was calculated as being less than 0 5 hour

The conclusions from this field work and feasibility assessment are as follows

Q

O O 0 O

the South Culvert Area soils are below the contamination level of 750 pg/kg and
therefore do not require or warrant active remediation by soil vapor extraction

groundw ater concentrations of TCE are generally declining across the entire Site
there 1s adequate to strong evidence that natural attenuation 1s occurring at the Site
an IRPB can be constructed at the Site by the vertical hydraulic fracturing technology

the IRPB will degrade all of the VOCs of concern to below MCLs and 1s considered to
have sufficient longevity for the Site groundwater to be remediated to below MCLs

the remnant plume down gradient of the IRPB will be degraded by Natural Attenuation
mechanisms to below MCLs 1n approximately ten (10) years and

the alternative groundwater remedy of an IRPB and Natural Attenuation was determined
to be equivalent or superior to the current groundwater remedy utilizing the NCP critenia
The alternative groundw ater remedy was determined to be supertor to the current remedy
in respect to effectiveness implementability and cost

The recommendations from this work are as follow

a

to implement the soil remedy using soil vapor extraction in the areas of the TCE Storage
Area and inside of the Manufacturing Building of the upper ti}l #5 unit down to depths of
20 and »0 feet respectively

to eliminate the South Culvert Area for active remediation and

to modify the groundwater remedy to construct an IRPB Barrier and to rely on natural
attenuation at the Site to achieve remediation levels in the remnant down gradient plume

GOLDER SIERRA




October 1998 11 986 108,

TABLE OF CONTENTS

Cover Letter
Response to EPA Review Comments
Executive Summary

Table of Contents 11

SECTION PAGE NO

10 INTRODUCTION
11 Background

[P

E BN R ) OE D B B B B G S o e

20 FIELD SOIL AND GROUNDWATER SAMPLING PROGRAM AND RESULTS >

21 General 5

22 South Culvert Soil Sampling Program and Results 6

221  Soil Sampling 6

222  Field Quality Assurance and Quality Control 7

25  Groundwater and Natural Attenuation Sampling Program and Results 8

251  Groundwater Sampling in South Culvert Area 9

252  Groundwater Sampling at Monitoring Wells 10

235  Field Quality Assurance and Quahty Control )

— 24  Reactive Barrier Field Sampling Program and Results 1>
241  General 1>

242  IRPB Subsurface Drilling Program 14

243  Soil Units Encountered 14

244  IRPB Soil Desorption Sample Collection 15

24> IRPB Groundwater Column Reactivity Sample Collection 16

30 REACTIVE BARRIER LABORATORY TESTING PROGRAM AND RESULTS 17

31 General 17

32 Hydraulic Fracturing Fluids 18

321  Fracturing Fluid Design 18

322  Granular Iron Proppant 19

33  Leak Off Testing of Soils 20

331  General 20

332 Laboratory Method 20

l 333 Results 21
34  Soil Electrical Resistivity 22

341  General 22

‘ 342  Laboratory Method 22
343  Results 23

35 Iron Reactivity Column Test 23

. 351  General 23
/ 352 Laboratory Method 23
353 Results 26

36  Desorption Column Test 27

GOLDER SIERRA



am .

October 1998 v 986 108,
361  General 27
362  Test Method 27
365 Results 28

37 Soil Total Organic Content 28
371  General 28
572  Test Method 29
375 Results 29

40 NATURAL ATTENUATION EVALUATION AND RESULTS 50

41 General 50

42  Tabulation of Site Chemistry Data >0

4 5 Spatial Delineation of Natural Attenuation Indicator Parameters 51

44  Trend Analysis for VOCs 35

45  Ranking of the Site Using the Screening Scoring System >4

46 Fate and Transport Modeling 3>
461  One Dimensional Fate and Transport Transient Modeling 56
462  Two Dunensional BIOSCREEN Model 58

47  Summary Of Intrinsic Degradation Evaluation 40

>0 ITRON REACTIVE PERMEABLE BARRIER EVALUATION AND RESULTS 4]

51  Hvdraulic Fracturing Bachground 41

52  Hydraulic Fracturing Placement of Oriented Iron Reactive Permeable Barriers 41

55>  Fracturing Fluids 44

54  Reactivity of Iron 44

5>> Iron Reactive Permeable Barrier Feasibihity Acceptance Criteria 4>

56  Alternative Groundwater Remedial Plan 48
561  General 48
562  Site Characterization Data 49
565  Iron Reactive Permeable Barrier Performance Forecast 50
564  Natural Attenuation of VOCs Downgradient of Iron Reactive Permeable Barrier >1
565  Proposed Monitoring of Alternative Groundwater Remedy 52

57 Comparative Analyses of Groundwater Remedial Alternatives 52

60  Soil Remedy Implementation and Proposed Alternative Groundwater Remedy 55

61 Soil Remedy Implementation 5

62  Alternative Groundwater Remedy 56

70 SUMMARY AND CONCLUSIONS 58

REFERENCES 61

In Order
Following
Page 63

TABLE 1 Summary of May 1998 Sampling Field Parameters and TCE and

Historic TCE and Dissolved Iron Data

TABLE 2 Natural Attenuation Wells Broparameters and Other VOCs
TABLE 3 Natural Attenuation Wells Field Data and Other VOCs Detected
TABLE 4 Fracture Fluid Design

TABLE 5 Summary of Leak Off Test Results

GOLDER SIERRA



October 1998 v 986 108,

TABLE 6 Summary of Soil Resistivity Test Results

TABLE 7 Summarv of Iron Column Test Half Lives

TABLE 8 Natural Attenuation Screening Scoring Syvstem

TABLE 9 — Sensitivitv Analysis for Bach Calculated Modeling Parameters

TABLE 10 - Comparison of 1D and 2D Fate and Transport

TABLE 11 — Summary of Hydraulic Conductivity Estimates

TABLE 12 Iron Reactive Permeable Barrier Compound Concentration Reduction
Deterministic Analysis

TABLE 13 Alternative Remedial Plan NCP Cniteria Comparison

FIGURE 1 Site Location Map
FIGURE 2 ~ McGraw Edison Site Centerville Iowa Site Features
FIGURE 3 —- Groundwater Monitoring Well Locations
FIGURE 4 — So1l Bormg Locations
FIGURE > — TCE Concentrations 111 Soils in the South Culvert Area
FIGURE 6 ~ Groundwater Potentiometric Levels i1 Upper/Intermediate Sands (May 1998)
FIGURE 7 - Groundwater TCE Concentrations Site Wide(May 1998)
FIGURE 8 - Borehole Locations For Iron Reactiy e Permeable Barrier Evaluation
FIGURE 9 - Golder Leak Off Test Cell
FIGURE 10 — Leak Off Test Profile
FIGURE 11— Soil Resistance Meter
FIGURE 12— EnviroMetal Process Column Test Apparatus
FIGURE 15 — First Order Reduction by Zero Valent Iron
FIGURE 14— Master Builders Iron Column Test Results
FIGURE 15 — Master Builders Iron Column Test Half Life Determination
FIGURE 16 — Master Builders Iron Column Test Eh and pH Data
FIGURE 17 — Soi1l Desorption Test Apparatus
FIGURE 18 — Soil Desorption Test Results
FIGURE 19 — Interpreted Redox Potential (May 1998)
FIGURE 20 - Interpreted Sulphate Concentrations (May 1998)
FIGURE 21 — Interpreted Ethene Concentrations (May 1998)
FIGURE 22 - Interpreted Ethane Concentrations (May 1998)
FIGURE 25 — Interpreted Alkalimity Concentrations (May 1998)
FIGURE 24 — Predicted TCE Concentrations Downgradient of MW A
1 D Advection/Dispersion with Reaction Terms
FIGURE 25 - Verticallv Oriented Hydraulic Fractures Iron Reactive Permeable Barrier
FIGURE 26 — Flow Diagram of Hydraulic Fracturing System Equipment and Instrumentation
FIGURE 27 - Reductive Dehalogenation Pathways
FIGURE 28 — Location of Proposed Iron Reactive Permeable Barrier
FIGURE 29 - Iron Reactive Permeable Barrier Cross Section A A
FIGURE 30 - Predicted TCE Concentrations Downgradient of Iron Reactive Permeable Barner
FIGURE 31 - Estimated Contaminant Mass Removed Over 2 Year Period
FIGURE 32 - Proposed Remediation System for Soil and Groundwater Remedy at McGraw

Edison Site
APPENDIX A - Soil Boring Logs 1n South Culvert Area

APPENDIX B - Soil and Groundwater Sampling and Chemistry Data
B 1 Field GC Soil and Groundwater TCE Data

GOLDER SIERRA




October 1998 Vi

986 108>

B 2  Groundwater Field Sampling Data
B 3 Chemistry Data Validation
APPENDIX C - Soil boring Logs for Iron Permeable Reactive Barrier
APPENDIX D - Geotechnical Laboratory Data
D 1 Grain Size Atterberg Limits and Specific Gravity Tests
D 2 Leak Off Tests
D 3 Resistivity Tests
APPENDIX E Iron Reactivity and Soil Desorption Column Test Data
E I Iron Reactivity Column Test
E 2 Soil Desorption Column Test
E 5 Soil Total Organic Carbon
APPENDIX F - 1D and 2D Natural Attenuation Modeling Results
F 1 One Dimensional Fate and Transport Transient Mode!
F 2 Two Dimensional BIOSCREEN Model

APPENDIX G Alternative Location of Proposed Iron Reactive Permeable Barrier

GOLDER SIERRA



October 1998 1 986 108>

10 INTRODUCTION

A Soil and Groundwater Field Sampling Plan Addendum (Addendum) was submitted to the
USEPA (Agency) by MWR/Envirogen Inc (MWR/Envirogen) on June 15 1997  This
document described additional field activities to be performed at the McGraw Edison Superfund
Site (Site) located in Centerville lowa Figure |  Response to initial review comments on the
Addendum were submitted to the Agency on November 5 1997 The agency approved the work
plan on December 11 1997 subject to a satisfactory response to final review comments A

response to final review comments was submitted to the USEPA on January 50 1998

The objectives of the work plan were as follow

U to assess current site conditions to finalize the remedial design
O to further dehineate the so1l contamination n the South Culvert Area

O to assess the feasibility of implementing an alternatine groundwater remedy utilizing an
Iron Reactive Permeable Barrier (IRPB) and

O to evaluate and quantify any Natural Attenuation mechanisms active at the Site

Groundwater sampling at existing monitoring wells and soil boring sampling in the South
Culvert Area was performed by Envirogen Golder Sierra LLC (Golder) was retamed by
MWR/Envirogen to conduct the IRPB feasibility evaluation for an alternative groundwater
remedial svstem for the Site and to quantify Natural Attenuation activity (biodegradation
dispersion dilution and/or adsorption) at the Site The IRPB would be a passive n situ
treatment of groundwater at the Site contaminated mainly with trichloroethene (TCE) This
alternative groundwater remedial system 1s to be complemented by a Soil Vapor Extraction

(SVE) system being evaluated by MWR/Envirogen for source control of the unsaturated zone

The field activities were conducted in May 1998 MWR/Envirogen retained ERM North Central
of St Charles Missour1 and Aquadrill Drilling Services (Aquadnll) of Coralville Iowa to
perform Geoprobe® and drilling work respectively for soil and groundwater sampling activities
in the South Culvert Area and in the TCE Storage Area for the IRPB subsurface drilling

program The South Culvert Area work and monitoring well sampling activities were supervised
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by MWR/Envirogen personnel The IRPB drilling and sampling program was supervised by a
Golder geologist  Analytical laboratory testing was conducted by RECRA LabNet of University
Park Illinois and Monroeville Pennsylvania Envirogen Inc Laboratory of Lawrenceville New

Jersey and MICROSEEPS of Pittsburgh Pennsylvania

The field work consisted of nine (9) soil borings to depths of 40 feet in the South Culvert Area
with continuous soil samples collected for TCE contamination analvsis Groundwater samples
were taken at the bottom of eight (8) of these borings and analyzed for TCE The thuty two (32)
existing monttoring wells were sampled and analvzed for TCE contamination and five (5) of
these wells were further sampled and analyzed for Natural Attenuation parameters Two soil
borings were completed near the TCE Storage Area for collection of samples for the IRPB
assessment Groundwater was collected from monitoring well MW 3A for a laboratory column

reactivity test to assess the suitability of the Site groundwater for an iron reactive barrier

As part of the evaluation of an alternative groundwater remedy Golder designed and
implemented a hmited subsurface investigation program at the Site to collect samples for
laboratory testing in support of the IRPB feasibility evaluation Soil and groundwater samples
were collected by Golder s field personnel and sent to University of Waterloo/EnviroMetal
Technologies Inc (UW/ETI) in Canada under Contract to Golder for 1ron bench scale column
and soil desorption testing and to Golder geotechnical laboratory in Atlanta Georgia for soil

classification testing soil resistivity testing and leak off testing

This report 1s divided into the following key elements

Section 1 provides an introduction to the report objectives and background
Section 2 presents the field program and results
Section 3 presents the reactive barrier laboratory testing program and results

Section 4 presents the Natural Attenuation evaluation and results

o O 0 O 0

Section 5 presents the Iron Reactive Permeable Barrier evaluation and results and the
Alternative Groundwater Remedial Plan
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Q Section 6 presents the proposed soil remedy implementation and the alternative
p prop y p
groundwater remedy and

O Section 7 presents the summary and conclusions

11 Bachground

Toasters and toaster ovens were manufactured at the McGraw Edison site (Site) in Centerville
Iowa between 1965 and 1978 Operations were housed 1n a 194 800 square foot manufacturing
butlding McGraw Edison sold the facility to Peabody International Corp (Peabody) in 1980
Cooper acquired the stock of McGraw Edison n 198> and McGraw Edison became a wholls

owned subsidiary of Cooper Cooper purchased the facility from Peabody in 1990

The Towa Department of Natural Resources (IDNR) performed an assessment of the Site in June
1986 Hazardous substances identified at the Site bv the IDNR included plating sludges
trichloroethene (TCE) sodium hvdroxide and sulfuric acid The USEPA conducted sampling at
the Site in January 1987 Analvsis of sludges and sediments indicated elevated concentrations

of chromium arsenic nichel and cobalt

Cooper and Peabod+ conducted a site investigation and removed the plating sohids 1n comphance
with an Administrative Oider on Consent (AOC) signed with the USEPA on October 3 1988
During the site investigation several areas of the site were found to contain metal concentrations
stigmificantly higher than background levels volatile organic compounds (VOCs) were detected
in surface water and sotl samples from the south propertv perimeter and TCE was detected
above drinhing water standards i the groundwater A residential well adjacent to the site was
also sampled and found to contain TCE Cooper provided a permanent water supply by

connecting the residence well to the public water supply in the winter of 1988

A Remedial Investigation (RI) was conducted by Cooper between October 1991 and May 1992
This work addressed the soil groundwater surface water and sediment at the Site A

Supplemental RI was conducted by Cooper during October and November 1995 which included
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field work for the defimtion of the extent of the soil and groundwater contamnation at the Site

and characterization of the water bearing units
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20 FIELD SOIL AND GROUNDWATER SAMPLING PROGRAM AND RESULTS

21 General

A Soil and Groundwater Field Sampling Plan Addendum (Addendum) was submitted to the
USEPA bv MWR/Envirogen on June 15 1997 that described additional field activities to be

performed at the Site The purpose of this work was to

O assess current site conditions to finalize the remedial design
QO further delineate the so1l contamination in the South Culvert Area

QO assess the feasibilitv of implementing an alternative groundwater remedy utilizing an
Iron Reactive Permeable Barrier (IRPB) and

U evaluate and quantifs anv Natural Attenuation mechanisms active at the Site

The following activities were specified in the Addendum and performed 1in Mav 1998

1 Groundwater sampli g and analvsis at thirty two (52) existing monitoring wells

(N9

Natural Attenuation groundwater sampling at select monitoring wells and evaluation

Soil and groundwater sampling in the South Culvert Area and evaluation and

L2

4 lIron Reactine Permeable Barrier prelimmarv data collection activities and feasibility
evaluation

Groundwater sampling at existing monitoring wells and soil boring sampling n the South
Culvert Area were performed by MWR/Envirogen Golder designed and implemented a limited
subsurface investigation to collect samples to be used in various tests to provide data to
determine the feasibility of installing an IRPB for groundwater remediation at the Site The
subsurface investigation consisted of a subsurface soil drilling program soil sample collection
and groundwater sample collection The monitoring wells and soil borings completed at the Site

are detailed on Figures 3 and 4

The following sections document the methodology and results of the soil and groundwater field

sampling activities and results
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22 South Culvert Soil Sampling Program and Results

The primary goal of this sampling was to assess current site conditions 1n the South Culvert Area
in order to finalize the so1l remedial design Nine (9) additional soil borings (P 01 to P 09) were
completed in the South Culvert Area at the locations shown on Figures 4 and 5 Soil borings P
01 to P 08 were located approximately 20 feet in the northerly southerly easterly and westerly
directions from existing boring SB SC 1 (MW 19WT) and SB SC 2 Any deviation from the
20 foot ntervals was due to landscape obstructions Soil boring P 09 (field labeled SB SC2)
was completed to verifv the presence or absence of high TCE soil concentrations at SB SC 2
reported in the Supplemental RI/FS Investigation Report (Woodward Clyde Consultants 1994)
This borehole was located centrally between P 0> P 06 P 07 and P 08 as close to the location

of SB SC 2 sampled in October 199>

221 Soil Samphing

The soil borings were sampled by Geoprobe® technology drill rig or Hydropunch® and
analyzed for TCE using a field gas chromatograph (GC) Continuous soil samples were
collected 1n soil borings P 01 to P 08 1in 2 or 2 > foot vertical intervals starting at one foot below
ground surface (BGS) and continued until approximately 55 to 40 feet BGS  Soil boring P 09
was sampled at 2 foot intervals at the same discrete intervals that were sampled during the
installation of the original SB SC 2 in October 1993 and the samples were analvzed by EPA
Method 8260 for TCE by RECRA Lab Net University Parh Ilhnois The soil samples were
logged by a MWR/Envirogen geologist noting color texture moisture content odor and grain
size using the United Soil Classification System (USCS) The soil boring logs for the borings
drilled 1n the South Culvert Area are included in Appendix A The results of the soil TCE
concentrations in the South Culvert Area are shown on Figure 5 and summarized 1n tables in

Appendix B

ERM North Central of St Charles Missourt was subcontracted by MWR/Envirogen to perform
Geoprobe® work Soil samples from P 01 and P 02 were collected in a 1 5 inch outer diameter
drive point sampler with an acetate liner two feet in length However due to the presence of

consolidated soils in the South Culvert Area the acetate liner was consistently being compressed
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causing a loss of soil in the sampler Instead a two inch outer diameter drive point Macro

sampler with an acetate liner four feet in length was used at P 04 and P 05

At P 04 and P 0> sloughing occurred at approximately 21 feet BGS Aquadrill Drilling Services
of lowa City Jowa was contracted by MWR/Envirogen to complete P 04 resample P 0> and
complete the remaining soil borings (including P 09) with a dnll ng and Laskey samplers with

copolvester liners 2 5 inches 1n diameter and five feet 1n length

The liner was removed from the sampler and split open onto a clean surface New latex gloves
were worn and changed between each sample to prevent cross contamination The two foot
section of soil was screened using a PID HNu model Pl 101 equipped with a 11 7 eV lamp tor
sotl borings P 01 through P 08 Once screening was complete a composite sotl sample of each
two foot interval was placed in a four ounce wide mouth glass jar and pached with mimimal
headspace Each sample was analvzed on site with a field GC for TCE The field GC analvsis
results for TCE are shown on Figure 5 for sotl borings P 02 through P 08 and laboratory analysis
results for soil boring P 09 Chain of custodv protocol was used tor all samples The soil
samples were logged by a MWR/Envirogen geologist noting color texture moisture content
odor and grain size using the United Soil Classification Svstem {(USCS) The soil boring logs for

the South Culvert Area are included in Appendin A

The TCE concentrations determined n the nine (9) soil borings are detailed on Figure 5 The
locations of these nine (9) borings are given on Figure 4 and in the insert on Figure 5 As can be
seen on Figure S the maximum TCE concentration measured in the soil was 130 ug/kg Ninety
eight (98%) percent of the soil volume sampled had TCE concentrations less than 100 pg/kg and
sixty five (65%) percent of the soi1l volume sampled had TCE concentrations below detection

hmits

222 Field Quality Assurance and Quality Control

Sinteen (16) of 148 soil samples were duplicated and sent to RECRA LabNet to be analyzed by
EPA Method 8260 for TCE to verify mobile laboratory accuracy Duplicate samples were chosen
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based on suspected regions of contamination and covered a variety of depths In addition a
rinsate blank was taken during each dav of soil and groundwater sampling (7 total) These
samples consisted of distilled drinking water which was used to rinse the sampler after

decontamination

Analytical chemistry data validation for laboratory analvses are contain in Appendix B

23 Groundwater and Natural Attenuation Sampling Program and Results

The groundwater samphing program imolved the collection of groundwater samples from the
sotl borings completed m the South Culvert Area and from the Site groundwater monitoring
wells The objective of the groundwater sampling program was to evaluate the distribution of

TCE n the groundwater and to evaluate the degree of Natural Attenuation of VOCs at the Site

Groundwater samples were collected within the first two feet of the saturated unit in soil borings
P 01 through P 08 completed in the South Culvert Area see Figure 4 The samples were

analyzed for TCE with the field GC

Thirty two (52) enxisting monitoring wells (Figure ») were sampled for field parameters
(temperature dissolved oxygen specific conductance pH and redox potential) and for laboratory
analvsis of TCE Five of the existing monitoring wells (MW 2 MW >A MW 8 MW 8A and
MW 25WT) were sampled for laboratory analysis of biochemical parameters and VOCs to
evaluate the existence of Natural Attenuation of VOCs at the Site  Prior to sampling a static
water level was measured and recorded for each well The May 1998 sampling event
groundwater level data 1s presented in the form of potentiometric contours on Figure 6 and
summarized in tabular form in Appendix B The distribution of groundwater TCE concentration
levels obtained after the May 1998 sampling event 1s shown on Figure 7 The chemistry data are

summarized in Tables 1 to 3 and in Appendix B
The TCE concentrations in the majority of the groundwater monitoring wells in this latest round

of sampling were lower than the previous 1994 sampling event see Table 1 except for

momitoring wells MW 6 and WT 18 which rose from 5 ppb to 9 ppb and 12 ppb to 45 ppb
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respectively The monitoring well in the unsaturated zone MW 2 located in a localized perched
water table rose in 1998 and its high concentration and fluctuations are indicative of a source
area TCE concentrations in monitoring well MW 3A dropped from 14 600 ppb in 1994 to 7 000
ppb in 1998 MW 8A dropped from 240 ppb to 7 ppb and the Allen Well from 120 ppb to >1
ppb The TCE groundwater plume shown on Figure 7 has reduced 1n concentration and 1n the
overall TCE mass contained in the plume over the past four (4) years The dissolved phase mass
of TCE n the groundwater plume delineated 1n the Supplemental RI/FS Investigation Report
(Woodward Clvde Consultants 1994) 1s estimated to be >90 Ibs while in 1998 Figure 7 the
dissolved phase mass of TCE 1s estimated to be 3. Ibs based on the TCE concentration contours
shown on Figure 7 this represents approximately a 60% reduction in TCE dissolved mass in the

groundwater plume over the past four (4) vears

231 Groundwater Samphng in South Culvert Area

Groundwater samples were collected 1n soil borings P 01 through P 08 drilled during the soil
sampling program in the South Culvert Area Groundwater sampling was performed using
Geoprobe® or HydroPunch® techniques The samples were collected within the first two feet of
the saturated umit  Groundwater from soil boring P 01 was collected using the Geoprobe®
technique A one inch inner diameter hollow rod was driven into the ground creating a separate
ptlot hole four foot deep (38 42 ft BGS) Groundwater samples were obtained using bottom
check valve sampling technique using a 5/8 inch diameter Teflon® tube A tubing check valve
was located at the bottom end of the roll of tubing The tubing chech valve end first was
pushed down the bore of the probe rod until 1t reached the top of the screen point sampler The
tubing was then hfted approximately 4 inches off the bottom (top of the screen point sampler)
and oscillated up and down 1n 8 to 12 inch strokes The pumping rate was adjusted to minimize
air intrusion during sampling The groundwater was placed into 40 mL sample containers with a
Teflon® lined septum lid and preserved with hydrochloric acid  After sample collection the

tubing was removed and properly disposed

Groundwater samples from borings P 02 through P 08 were tahen using the HydroPunch®
sampler Check valves a stainless steel screen and O rings were nserted n the tool body and

the point was attached The tool was driven three feet below the last soil sample interval (below
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the static water level) After filling the sample chamber with groundwater (for no longer than one
hour) the tool was withdrawn a clean piece of tygon tubing with a valve was attached and the
sample was collected in 40 mL vials with a Teflon® hned septum hd and presernved with

hydrochloric acid

232 Groundwater Sampling at Monitoring Wells

Groundwater samples were collected by MWR/Envirogen field personnel between May > and
May 26 1998 Thirty two (52) existing monitoring wells (Figure 3) were sampled for field
parameters (temperature dissolved oxvgen specific conductance pH and redovx potential) and
for laboratory analvsis of TCE Five of the existing monitoring wells (MW 2 MW LA MW 8§
MW 8A and MW 25WT) were sampled for laboratory analysis of biochemical parameters and

VOCs to evaluate the existence of Natural Attenuation of VOCs at the Site

Prior to sampling groundwater levels were measured on May 3 1998 The static water levels
were measured using a Solinst Water Level Meter The height of the water column and the
standing volume of water in the well was calculated based on well 1nstallation records included
in the Groundwater Operable Unit Feasibilitv Study (Woodward Clvde Consultants 1995) and
Supplemental RI/FS Investigation Report (Woodward Clvde Consultants 1994) A groundwater
potentiometric contour map for the May > 1998 measurements 1s shown on Figure 6  The
estimated well water volumes and water level data are summarized in Appendix B The tape and
probe were decontaminated with soap (alconox) and water followed by a distilled water rinse

between each monitoring well

Groundwater Sample Collection for TCE Analysis

In order to prevent cross contamination between wells new latex gloves were worn wnile
sampling and a new disposable bailer was used at each well The bailer was slowly lowered and
raised to minimize disturbance to the water column minimizing the loss of VOCs during bailing
and sampling Water removed from the wells was containerized 1n a 3 000 gallon plastic

agricultural tank and stored on site behind the manufacturing building for future disposal
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Groundwater from the wells was purged by remoyving at least three well volumes or unul drv
prior to sampling using a disposable polyethylene bailer Field parameters were measured by
mserting a low flow sampling tip at the end of the bailer and the water was allowed to enter a
Y SI 5560 Water Quahity Monitor flow cell Purging continued until three consecutive stabilized
(within 10 percent) field parameter measurements of pH temperature specific conductance and
reduction oxidation potential (redox) were obtained on samples no closer than one well volume
apart If the well was bailed drv prior to removing three well volumes field parameters were
measured and the samples were subsequently tahen Wells that bailed dry included MW 7 MW
A EW1 BD13 BD16 BD18 BR10 WT 13 and WT 16 A Keck Model SP 84
Groundwater Sampling Pump was used to purge wells BR 10 EW 1 MW 3 and MW 7 based

on the large quantitv of water that was expected to be purged from these wells

After sampling was complete the dissolved oxvgen (DO) was measured down hole with a YSI
5>1B Dissolved Oxvgen Meter and allowed to stabilize before recording measurements In cases
where the well was too deep groundwater was collected 1n a buchet and DO was subsequenth
measured For several wells DO was not measured due to a lack of water from bailing the wells
drv and such measurements would not be representative of groundwater conditions due to
aeration of the sample All instruments were decontaminated between each well with an

alconov/distilled water rinse followed by two distilled water rinses

Water samples from each well were placed into two 40 mL glass vials with a Teflon® lined
septum lid and preserved with hydrochloric acid using the low flow sampling tip The bottle was
labeled recorded on the chain of custody and placed on ice 1n a cooler prior to transport to

RECRA LabNet Each well was analyzed for TCE using EPA Method 8260

Samples collected between May 5 through 8 1998 were shipped to RECRA LabNet n Illino1s
A large workload at the Illinois laboratory resulted in the need for the samples to be shipped to
the RECRA LabNet 1n Pittsburgh The samples arrived in Pittsburgh on May 15 1998 A
number of vials (samples WT 12 BD 12 WT 11 MW 6 MW 4 MW 22WT MW 23WT dup
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WT 14 and BD 14) were broken during transportation As a result samples WT 12 and BD 12

were re sampled and re analyzed

Groundwater Sample Collection for Natw al Attenuation

Monitoring wells MW 2,bWT MW 8 MW 8A MW 3 and MW 2 were sampled i order of
increasing chemical concentrations (as written) to evaluate the degree of Natural Attenuation of
VOCs at the Site MW 25WT was purged and sampled using a QED Model 407 Bladder Pump
and Model 46> Controller attached to a gas powered o1l less arr compressor The pump was
lowered into the well slowly to mimimize disturbance and to a depth such that the intake was at
least two feet above the bottom of the well The pump was started at the lowest speed setting
and slowlv creased until discharge occurred During purging field parameters were measured
in the flow cell every three to five minutes and continued until all parameters were stabilized In
order to tahe water samples from the pump the flow cell was disconnected from the pump

tubing After sampling was complete DO was allowed to stabilize and was recorded

At wells MW 8 MW 8A MW 3A and MW 2 problems with the bladder pump were
encountered The pumping procedure followed the same method used for MW 25WT however
no water could be withdrawn from any of these wells Thus monitoring wells MW § MW >A
and MW 2 were purged using a bailer MW 8 and MW 2 were purged dry before three well
volumes were removed At MW 8A a Kech pump was used to purge the well and was also dry
prior to removing three well volumes Field parameters were measured and samples were taken

using a batler and a low flow sampling ip After sampling was complete DO was allowed to

stabilize and was recorded

All samples were collected 1n specified containers with the required preservative and chain of
custody procedures were followed The samples collected for dissolved metals analysis were
filtered using a Solinst 0 45 um filter and preserved with mitric acid The samples were shipped
on ice via overnight courier to Envirogen Inc Analytical and Treatability Laboratories for

analysis

Groundwater samples for VOCs and 1ron were submitted to RECRA LabNet and all other

samples were submitted to the Envirogen Inc Laboratory for analysis The samples were tested
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for those parameters listed 1n the soil and groundwater sampling plan using the associated EPA

test methods

The mimimum detection limit for methane ethene and ethane analyzed by EPA Method 8015
(Envirogen Laboratory) 1s 300 ppt In the event that concentrations fell below this detection
limit samples were also sent to Microseeps Inc laboratories of Pittsburgh Pennsylvania which

uses Method AM 18 (Microseeps Method) with minimum detection himits between > to 15 ppt

233 Field Qualty Assurance and Quality Control

Two (2) of eight (8) groundwater samples collected during the soil sampling program n the
South Culvert Area were duplicated and sent to RECRA LabNet to be analvzed bv EPA Method
8260 for TCE to verifv mobile laboratory accuracy In addition one rinsate blank was taken
during each dav of groundwater and soil sampling (7 total) These samples consisted of distilled

drinking water which was used to rinse the sampler after decontamination

During sampling of the monitoring wells six bailer field blanks were collected using bottled
distilled drinking water and labeled MW 24 MW 50 through MW >4  Dustilled water was
poured mto a clean batler a low flow sampling tip was attached to the bailer and the water was
collected in 40 mL glass vials with a Teflon® lined septum Iid and preserved with hydrochloric
acid These samples were sent to the laboratory with the other groundwater samples to chech for

possible contamination due to sample collection techniques or laboratory error

Three duplicates were also collected at MW 23WT BR 10 and MW 7 to ensure that the
sampling procedure was precise Analytical chemistry data validation for laboratory analyses are

contained in Appendix B

24 Reactive Barrier Field Sampling Program and Results

241 General

Golder designed and implemented a limited subsurface investigation at the Site in order to

collect samples to be used in various tests to provide data to determine the feasibility of
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installing an Iron Reactive Permeable Barrier for groundwater remediation at the Site  The
subsurface investigation consisted of a subsurface soil drilling program soil sample collection
and ground water sample collectton The monitoring wells and so1l borings completed at the Site

are detailed 1in Figures 2 > and 4 respectively

242 IRPB Subsurface Dnlling Program

MWR/Envirogen retamed Aquadrill Drilling Services (Aquadrill) to perform the subsurface
drilhng program A Golder geologist supervised the subsurface dnlling program which was
conducted on May 4 5 1998 Aquadnill advanced and continuously sampled two soil borings
GB I and GB 1A near the vicimity of the suspected source area of the chlorinated solvents at the
facility (Figure 8) GB | was advanced to auger refusal encountered at 72 > ft BGS and GB 1A
was advanced to 5> ft BGS The drilling equipment consisted of a truch mounted CME 7>
drilling rig 4 2> inch mner diameter hollow stem auger (HSA) flights and Lashev 5 feet
continuous samplers with acetate liners All heavy equipment that could possibly contact the
samples including the back of the drilling ng were decontaminated with a steam cleaner and
potable water prior to each soil boring The soil borings were abandoned by pumping Benseal
100% bentonite slurry through tremie pipe from the bottom of the borings Soil cuttings were
placed in steel 55 gallon drums provided by MWR/Envirogen and stored within the former

manufacturing building at the facility

243 Soil Units Encountered

Golder visually classified the soils encountered during the investigation according to the Unified
Soil Classification System (USCS) and recorded the depths and thichnesses of the various soil
units on so1l boring logs as detailed in Appendix C The soil types consisted of stiff to very stiff
clays silts and sands that were deposited by glacial meltwater streams Using the 5 feet

continuous Laskey samplers and acetate ltners sample recovery ranged from 0% to 100% and
the overall recovery in GB 1 was 70 % (50 6 feet/70 feet) Auger refusal was encountered at
725 ft BGS in GB 1 and an angular fragment of fresh yellowish brown medium gramned

fossiliferous limestone was recovered 1n the end of the last sample tube indicating that bedrock

was encountered The soil stratigraphy recorded on the soil boring logs 1s consistent with
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subsurface geologic cross sections presented in earlier investigations at the facility (Woodward

Clvde Consultants 1994)

As shown on the boring logs two sandy aquifers were encountered in the soil borings The
upper sand consisted of moist wet medium gray to dark yellowish orange fine to coarse SAND
with hittle to some clayey silt and trace amounts of well rounded gravel (SM) The depth and
thickness of the upper sand ranged from 503 313t0285 519 ft BGSand 1 1to 5 4 ft in GB
1A and GB 1 respectively Moust firm to very stiff to hard mottled/streaked medium gray to
darh yellowish orange SILTY CLAY (CL) occurred stratigraphically above and below the upper

sand unit

Approximately 9 feet of siltv clav separates the upper sand and the intermediate/channel sand
which 1s referred to as the intermediate sand because previous investigations have encountered a
lower sand unit The intermediate/channel sand consists of wet dark vellowish orange fine
SAND with trace to little clayev silt (SM) This unit tended to flow several feet into the augers
and sample recovery within this unit was generally poor As such the exact depth and thickness
of this unit 1s somewhat uncertain being estimated as 41 to 68 ft BGS and 27 ft respectively A
lower sandy unit was encountered between 70 72 5 ft BGS but this material may have flowed

into the augers from the overlving intermediate/channel sand

244 IRPB Soil Desorption Sample Collection
Golder placed representative soil samples from each soil umit except the soils in the upper sand
untt 1n clean sealable plastic bags and shipped to Golder soil testing laboratory in Atlanta

Georgia Sampling personnel donned clean latex gloves when handling the soi1l samples

The soils in the upper sand were placed 1n clean glass jars and stored in an iced cooler These
soils were re saturated with groundwater containing the highest TCE concentrations collected
from monitoring well MW 3A MW 3A is located approximately 12 feet and 17 feet west of
GB 1 and GB 1A respectively and MW 3A 1s screened across the uppermost sand unit  These
soil samples were shipped via an overnight courier to University of Waterloo/EnviroMetal

Technologies Inc (UW/ETI) in Waterloo Ontario for column desorption testing (see Section

36)
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245 IRPB Groundwater Column Reactivity Sample Collection

On May > 6 1998 Golder collected groundwater samples from MW >A to be used for iron
permeable barriers reactivity testing by UW/ETI and Golder Monitoring well MW 5A was
selected since it has been historicallv the highest groundwater TCE concentration  Prior to
sample collection MW 3A was purged with a clean disposable teflon bailer and clean nylon
cord The field parameters pH specific conductance temperature and reduction oxidation
potential were measured with a calibrated YSI flow through cell by MWR/Envirogen Samphing
personnel donned clean latex gloves during purging and sample collection After purging a
total of 4> 1 quart (15 gallons) amber glass sampling bottles were filled with ground water from
MW 5>A stored in an iced cooler and shipped via an overmight courier to UW/ETI
Furthermore 4 1 quart bottles (1 gallon) were shipped to Golder soil testing laboratory n

Atlanta Georga
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30 REACTIVE BARRIER LABORATORY TESTING PROGRAM AND RESULTS

31 General

A laboratory testing program was conducted to provide data for the Iron Reactive Permeable
Barrier feasibility evaluation (see Section 50) for the Site  Soil classification tests soil
resistivity and leak off tests were conducted by Golder sotls laboratory in Atlanta Georgia Iron
reactivity bench scale column testing and so1l desorption testing was conducted by UW/ETI
Canada Soil Total Organic Content (TOC) testing was conducted by Advanced Chemistry Labs

Inc in Atlanta Georgia The laboratory testing program included

Q Seven (7) soil classification tests (grain size distribution Atterberg hmits of clavs and
specific gravity tests) conducted on soil samples collected from soil boring GB 1 and a
sample of Master Builders granular iron used for the 1iron reactivity bench scale column
test See Appendix D 1 for the laboratory test results

O Three (») leak off tests using Site soils from soil boring GB 1 and Golder s standard
fracturing gel See Appendin D 2 for laboratory tests results

O Three (3) soil resistivity tests (saturated condition) using soil samples collected from soil
boring GB 1 and groundwater collected from groundwater monitoring well MW >A
See Appendin D » for laboratory test results

Q One (1) 1ron reactivity bench scale column test using Master Builders granular iron and
Site groundwater collected from groundwater monitoring well MW >A  See Appendix
E 1 for laboratory test results and

L One (1) soi} desorption test using a soil sample collected from soil boring GB 1 saturated
at the Site with groundwater collected from groundwater monitoring well MW >A  See

Appendix E 2 for laboratory test results

Q Two (2) soil TOC analytical tests on samples collected from soil boring GB 1  See
Appendix E 3 for laboratory test results

The following sections provide a background on hydraulic fracturing fluids and reactivity of

iron followed with a description of the tests conducted including test methodologies and test

results
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32 Hvdrauhc Fracturing Fluids

The purpose of a fracturing fluid 1s to wedge open and propagate a hvdraulic fracture and to
transport and distribute the proppant (granular iron) throughout the fracture Fluid properties
strongly govern fracture propagation behavior and the distribution and placement of the propping
agent Fluids that leak off rapidly into the formation have a low efficiency in hydraulic wedging
and extending of the fracture Fluid leak off may result in undesirable levels of residue remaining
in the fracture The effective viscosity of the fluid controls the internal fracturing pressure and
proppant transporting characteristics Following are some of the desirable characteristics of a

fracturing fluid for the emplacement of Iron Reactive Permeable Barriers

Chemical compatibility of gel fluids with iron proppant

Acceptable leak off characteristics

Sufficient viscosity to suspend proppant and produce necessary fracture width
Good temperature stabilitv for the formation being treated

Low friction loss in pumping equipment and pipe

Minimal damaging effects to the formation hvdraulic conductinvity

Good post treatment breaking characteristics and

0O 0000 O0OODOO

Environmental sensitivity of fracturing fluid chemistry (Gidley et al 1989)

For commercial granular ron the Golder standard fracturing gel has been investigated n both
the laboratorv and field trials for the above features The fracturing fluid has been tested in the
laboratory for gel and iron chemical compatibility leak off viscosity temperature stabilitv

hydraulic conductivity breaking and environmental sensitivity of flurd chemistry

321 Fracturing Fluid Design

The Golder standard fracturing fluid 1s a water based cross link gel hydroxypropylguar (HPG) a
natural polymer used 1n the food industry as a thichener HPG 1s chosen for it s minimal impact
on the iron s reactivity and 1t s extremely low residue The gel 1s water soluble in the uncross
linked state and water insoluble in the cross linked state Cross linked the gel can be extremely
viscous ensuring the granular iron remains suspended An enzvme breaker 1s added to

controllably degrade the viscous cross linked gel down to water and sugars MSDS sheets are
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available on all of the constituents and extensive chemical analyses of the gel are available
including prioritv pollutant scans The gel does not exceed drinhing water standard MCLs for

anv compound

The gel 1s mined and blended with the granular iron in the uncross linked state  Sufficient
mechanical agitation 1s necessary to ensure the granular iron remains evenly distributed 1n the
min  The gel and granular iron are then fed to a pumping unit and cross linked 1n line to form a
highly viscous cross linked gel The Golder standard fracturing gel design used for the iron/gel
reactivity bench scale column test 1s shown on Table 4 The gel design products form a cross
linked gel with high viscosity that will suspend the iron proppant in solution The cross Iink gels
take typically three to four weeks to break depending on groundwater temperature conditions
The average groundwater temperature at the Site 1s appronimately 14° C the cross link and
enzyme loadings have been increased from the normal loading at 25 C to allow for the lower

reactivity at lower Site temperatures

322 Granular Iron Proppant

The U S patent number 5226215 dated November 50 1993 entitled Cleaning Halogenated
Contaminants from Groundwater for the zero valent metal technology 1s assigned to the
University of Waterloo The Unnersity of Waterloo has granted certain rights to this patent to
EnviroMetal Technologies Inc  Guelph Ontario Canada Three commercial granular irons
approved by ETI have been tested by Golder during the developmental stage of the
hvdrofracturing technology for installation of Iron Reactive Permeable Barriers including Master
Builders Peerless and Connelly granular irons Some of the iron samples raised the pH of the
mixture outside the pH range of operation for borate cross linking agents The iron that has the
least chemical interference with the guar enzyme and cross linhers and i1s compatible with the

Site sotls (see Section 5 0) 1s the medium to fine Master Builders granular iron
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33 Leak Off Testing of Soils

331 General

During the injection of a fracturing fluid into the formation fluid 1s lost (leaked off) from the
fracturing gel mix to the formation This leak off characteristic 1s dependent on both fracture
fluid constituents and formation characteristics The volume of fluid lost during fracturing
determines the fracturing fluid efficiency or the ratio of fracture volume to volume of fluid
pumped It 1s important to know this efficiency to prevent early fracture termination caused by

premature deposition of the granular component of the fracturing fluid

The rate of leak off to the formation is governed by the fracturing flmid leak off coefficient C
which 1s a combination of three t\pes of linear flow mechanisms (Gidley et al 1989) The three
tvpes of flow mechanisms are fracturing flmid viscosity and relative permeability effects Ch
reservotr fluid viscositv/compressibility effects Ce and wall building effects Cv Cyv and Cc can
be estimated theoretically from aquifer data and fracture flurd viscosity data while Cy must be

investigated experimentally

332 Laboratory Method

A laboratory leak off test procedure for soils was developed by Golder for the estimation of the
leak off coefficient Cw The test method 1s an adaptation of leak off testing on core used in the
petroleum industry Essentially the method utilizes a pressure cell containing a piston as shown
on Figure 9 The apparatus has an inlet at the top of the cell (above the piston) and an outlet at
the base of the cell A site soil sample 1s placed tn the cell with enough water to saturate the
sample The sample 1s consolidated at a normal pressure equivalent to the estimated in situ
effective vertical stress at the approximate depth where the hydrofracture will be nitiated
(typically within the lower 10 feet of the barrier) by applying pressure above the piston to
compact the soil During consolidation the excess water 1s allowed to exit through the outlet at
the base of the pressure cell The dry unit weight and porosity of the sample are calculated and
recorded Fracturing fluid 1s placed between the soil sample and the piston The fracturing fluid
1s then pressurized against the soil sample by the piston using a pressure in the vicinity of the

expected down hole fracturing fluid pressure for a particular treatment The volume of fluid
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expelled from the base of the cell 1s monitored and 1s equivalent to the volume of fracturing fluid

which leaked off to the sample

Leak off test data are plotted as filtrate volume vs the square root of time as shown on Figure 10
The test shows two phases of the leak off phenomenon The first stage 1s the wall building stage
of leak off where the fracturing fluid penetrates the formation causing a filter cake to build up on
the formation fluid interface The volume of fluid lost in the wall building stage of fracturing 1s
called spurt loss The first stage of leak off can be recognized on Figure 10 as the early time
cunature of filtrate volume versus time During the second stage after the filter cake has built
up the rate of fluid loss 1s resisted by viscosity and compressibility effects only This stage 1s
represented by the later time straight hine of the test results The slope of this line 1s used i the

following equation to determine Cwu

Cw = (m/2Ac) M

Where Cw 1s the wall building coefficient (cm/min' ) m 1s the slope of the best fit straight line

(cm /min") and Ac 1s the cross sectional area of the soil sample 1n the test cell (cm )

The volume loss determined at the intercept of the line used to determine the Cw coefficient at
time zero 15 used to determine the Spurt value of the leak off test The Spurt 1s obtained using

the following expression

Spurt value = (Fluid loss/2Ac) )

333 Results

Tests were carried out on three samples collected from soil boring GB 1 at 25 50 and 100 psi
pressures Prior to testing the samples were consolidated at an effective stress of 30 psi  The
confining stress was applied at increments of 5 pst to minimize excesstve pore water pressure
during the consohdation process The remolded dry unmit weight and porosity of the samples
ranged from 1105 to 114 1 pounds per cubic foot (PCF) and 033 to 034 respectinely
corresponding to a medium dense sand (Holtz and Kovacs 1981) The test results are

summarized in Table 5 and the test data are included in Appendix D 2
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34 Soil Electrical Resistivity

341 General

Active resistivity 1s used to monitor the geometry of Iron Reactive Permeable Barriers during
installation The fracture fluid 1s made conductive and 1s electrically energized by a 100Hz signal
so the fracture location can be detected by the receivers in boreholes adjacent to the barrier
Induced 100 Hz voltages are monitored and recorded during fracture growth From these
induced voltages the wall geometry 1s calculated using incremental nversion algorithms to
provide a high resolution image of the permeable barrier This imaging provides a real time feed
back of the fracture geometry during injection and thus enables quantifying the continuitv of the

permeable barrier system

For the active resistivity technique to be efficient there must be a significant contrast between
the resistinity of the formation (so1l and groundwater) and the fracturing fluid of at least 50
times Laboratory testing was performed using Site so1l samples collected from soil boring GB |
saturated with Site groundwater collected from groundwater monitoring well MW A The
conductivity of the gel/iron fracturing fluid 1s adjusted by the addition of sodium chloride (NaCl)
to the fracturing flmd The Golder standard fracturing fluid design resistivity ranges from 160 to
240 ohm cm with a mean of 190 ohm cm The final gel design should consider the Site soil

resistivity m the area where the permeable barrier 1s to be installed

342 Laboratory Method

The soil electrical resistance was estimated 1n the laboratory following the Standard Method for
Field Measurement of Soil Resistivity Using the Wenner Four Electrode Method (ASTM G 57)
Samples were placed 1n a soil box with two plate electrodes and two pin electrodes as shown on
Figure 11  The soil sample was saturated with groundwater collected from groundwater
monitoring well MW 3A  Using a Nillson Model 400 four pin so1l resistance meter a voltage
potential was applied to the plate electrodes in the soil tray causing a current flow through the
sample The voltage drop and current was measured between the two pin electrodes using the
same meter The geometry of the box 1s such that a correction factor of 1 1s used for the Wenner

array and hence electrical resistance measurements are 1n effect direct
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Electrical resistivity testing of soils required the sotl box to be filled with the sample The source
and detector electrodes in the soils box were connected to the meter A known current was
passed between the two source electrodes and a voltage drop measured between the two detector
electrodes providing an estimate of resistance Resistivity values are normalized (ASTM G 57)

at 1> 5 °C using the following expression

Resistivity @ 15 5 °C = [(24 5 + Temperature)/40] x Resistivity ()

343 Results
The resistivity results for the soil samples are summarized 1n Table 6 Based on the laboratory
soil resistivity tests the gel/iron min should have a maximum resistivity of 250 ohms ecm for

contrast purposes with the existing soils during hvdrofracturing active resistivity monitoring

3> Iron Reactivity Column Test

351 General

In order to determine the reactivity of the granular iron considered for construction of Iron
Reactive Permeable Barriers at the Site a reactive bench scale column test was conducted on a
medium to fine Master Builders granular iron  The column test was flushed with contaminated
Site groundwater The bench scale 1ron reactivity column test was conducted bv EnviroMetal
Technologies Inc (ETI) working n association with the Institute for Groundwater Research

Unnversity of Waterloo Waterloo Ontario Canada

The selection of the iron type for construction of the wall system considers not only the
hydraulic conductivity and reactivity characteristics but also the ability of the iron filings to

cross link with the hydrofracturing gel used to transport the granular iron into the ground

352 Laboratory Method

The laboratory bench scale column test was conducted using the EnviroMetal Process (Giliham
1996 Gillham and O Hannesin 1992 1994) to determine the rates of degradation of the

chlorinated organic compounds that are present 1n the groundwater at the Site A groundwater
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sample from monitoring well MW 3A was collected bv Golder field personnel and sent to the

Unnversity of Waterloo for 1ron reactivity column testing

In general the column consists of a Plexiglass™ cylinder with a length of 1 6 ft and an internal
diameter of 1 51n Seven sampling ports are positioned along the length of the column as shown
on Figure 12 The column was carefully loaded with iron 1mitially flushed with carbon dioxide
then distilled water before the Site groundwater was introduced The Site groundwater was fed
into the column at a constant rate of 2 f/day from a collapsible Teflon® bag Based on ETI s
laboratory experience a flow velocity of about 2 ft/day 1s the maximum that can be used for the
tvpe of 1ron tested to minimize piping/channeling conditions in the sample Samples for organic
analvses Eh and pH were collected periodically from the sample ports along the column
Samples for both organic and inorganic tests Eh and pH were collected from the influent and

effluent

The concentration of a particular spectes was quanttfied along the column length at a particular
time 1e after the column was swept by a certain number of pore volumes of the Site
groundwater Concentrations of VOCs were monitored along the column until the values at each
point 1n the column reached a relatinely steadv state condition  Steady state condition 1s
reached when the column test shows a constant (1 e unchanging) concentration profile along 1ts
length The flow rate used in the test was used to calculate the residence time of groundwater
relative to the influent end of the column at each sample point The residence time was used to
determine concentration versus time plots for each of the VOCs The degradation rates by zero

valent ron for each compound were closely matched by a first order hinetic model
First order rate constants are quantified that best fit the data (Figure 13) The first order kinetic

degradation model 1s given 1n equation (4) the first order rate constant in equation (5) and the

half life 1n equation (6)

C=Cpe™ )
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where C 1s the organic concentration n solution at time t Co 1s the organic concentration in
solution at the mitial or influent condition 1e at t=0 A, 1s the first order rate constant for the

spectes and t 1s the residence time 1n the column

) - !
t

The half hife t, 1s the time for the organic concentration to be reduced to one half of it s initial

or influent concentration 1e rearranging equation (4) gives

r0> =06% ®

Master Builders Column Test

The Master Builders granular iron used in the column test was obtained from Master Builders
Inc Cleveland Ohio Geotechnical laboratory testing was conducted on the Masters Builders
granular ron to determine its phyvsical properties The medium to fine Master Builders iron
filings tested had a gramn size ranging from 0 07 to 2 mm (ASTM D 421) and a specific gravity
of 6 9> (particle density of 6 95 g/em ) (ASTM D 854) Grain size distribution and specific

gravity test results are included in Appendin D 1

Prior to column testing a sample of the medium to fine Master Builders iron was mixed with
Golder s standard cross linked gel to be used for emplacement of the granular iron n the
hydrofracturing process The column sample was prepared with the 1iron/gel mix 1n a cross link
state  The cross link and guar were degraded by the aid of an enzyme added to the initial mix

Once the 1ron column was ready for testing groundwater collected from montitoring well MW

3A was flushed through the column  The column experiment was conducted at room
temperature (23 C) The iron column sample had a pore volume of 260 ml with a porosity of

0 46 and a density of 157 Ib/ft’ (2 52 g/cm?)
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A representative sample (dry) of the medium to fine Master Builders granular iron used fo
column testing was sent to Golder soils laboratory in Atlanta Georgia for soil classification

(grain size distribution and specific gravity) testing

353 Results

Groundwater from well MW 3A as received 1n the laboratory contained about 7 800 ppb of TCE
and 10 ppb of cDCE No other VOCs were detected 1n the Site groundwater sample The
retention time vs concentration for the species TCE and ¢cDCE detected along the column are
shown on Figure 14 The semi log plots used for determnation of the half lives for the VOCs
encountered m the Site groundwater or VOCs generated during the dehalogenation process
durmg the column reactivity test are shown m Figure 15 Figure 16 depicts the change of Eh and
pH values with respect to residence time mn the column at the end of the test The half lives
determined for each compound are summarized in Table 7 along with their correlative
coefficients  Half Ines for TCE and ¢DCE were determined to be 04 and 14 hours
respectively The test was stopped after 46 pore volumes when the column had reached steady
state conditions as defined when the column achieves a constant (1e unchanging)

concentration profile along its length The column test data are included in Appendix E 1

Influent and effluent samples were collected at steady state condition and sent to Envirogen
Laboratory and RECRA LabNet for analytical testing The analytical testing of the samples
included the full suite of VOC compounds and select inorganic compounds and parameters using
EPA approved methods in accordance with the Soil and Groundwater Field Sampling Plan for

the Site The analytical laboratory test results are included in Appendix E 1

For high VOC concentrations RECRA LabNet have a reported detection limit of 50 pg/L and
UW/ETI have a reported detection Iimit of 5 10 pg/L at low VOC concentrations RECRA
LabNet have a reported detection hmit of 0 1 to 1 pg/L and UW/ETI have a reported detection
limit of 5 10 pg/L  In the influent sample 1€ high VOC loading and high VOC concentration
there 1s reasonable agreement and in the effluent 1e low VOC loading and low VOC
concentrations both laboratories reported virtually all VOC compounds to be non detect for their
respective detection imits W ith the influent samples UW/ETI indicated trace amounts of PCE

and ¢cDCE at 2 1 and 39 ppb respectively however concentrations for these compounds were
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below the method of detection for the external laboratory analyses The TCE influent
concentration was 4730 ppb and »500 ppb for UW/ETI and the external laboratory respectively
All effluent values for all compounds from both laboratories were non detectable or below the
method detection limit with the exception of DCM which was measured to be 2 1 ppb and 5> 2

ppb by UW/ETI and RECRA LabNet respectively

Comparnison of the UW/ETI and Envirogen inorganic analyses of water samples obtained at the
steady state condition shows good agreement for most of the anion analyses for the influent and
effluent samples However the alkalinity value appears to show the largest variation with a 20%
difference Due to the large volumes of water required for the inorganic analyses holding times

were exceeded for the cation analyvses

36 Desorption Column Test

361 General

A soil desorption column test was conducted on a Site soil sample to determine the desorption
rates of VOCs present 1n the soil sample when flushed with fresh water The results of this test
are used to estimate the VOCs concentration levels downgradient from the Iron Reactive

Permeable Barrier once the groundwater 1s treated by the permeable barrier

362 Test Method

The laboratory soil desorption test was conducted using a contaminated soil sample obtained
during the May 1998 soitl and groundwater sampling program The sample was collected from
the upper sands from soil boring GB 1 adjacent to monitoring well MW 3A (see Figure 3) The
sample was properly pached and submerged 1n Site groundwater collected from MW 3A prior to

shipment to the Umiversity of Waterloo for soil desorption column testing

The desorption column consists of a glass column with a height of 2 inches and an internal
diameter of 3 3 in (see Figure 17) Influent and effluent ports are located at the bottom and top of
the column respectively The column 1s carefully loaded with the contaminated soil between

stainless steel plates connected to the nfluent and effluent ports The Site contaminated soil
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sample was flushed with distilled water at a constant rate of 0 6 ft/day (0 26 ml/min) This flow
rate was selected by ETI for the type of soil being tested This flow velocity would not cause
anv pipmg/channeling through the sample Samples for organic analyses were collected
periodically from the effluent port located on top of the column The test was conducted after 16
pore volumes (pore volume of 96 ml) when the column had reached very low VOCs

concentration levels (below MCLs)

The soil sample used for desorption testing was sent to Golder soils laboratory in Atlanta

Georgia for sotl classification tests (grain size distribution and specific gravity)

363 Results

The observed trend for the TCE data indicates that the highest concentration of TCE was
observed within the first four (4) pore volumes declining to trace amounts of 2 ppb at sixteen
(16) pore volumes as shown on Figure 18 The TCE levels in the effluent from the soil
desorption column test decreased significanthy within the four (4) pore volumes The peak TCE
concentration of 1 169 ppb was observed at 0 2 pore volumes with levels declining to below 100
ppb at 1 6 pore volumes and below 10 ppb at 4 pore volumes The TCE concentration in the
effluent dropped to 5 ppb (MCL) at approximately eight (8) pore volumes The laboratory test
data are included in Appendin E 2

37 Soil Total Organic Content

371 General

Soil TOC analytical laboratory testing was conducted on two soil samples collected from boring
GB 1 n support of the Iron Reactive Permeable Barrier Evaluation in combination with Natural
Attenuation TOC values are used to estimate retardation factors (R;) used in 1D and 2D fate and
transport transient modeling for Natural Attenuation evaluation The tests were conducted by

Advanced Chemistry Labs Inc in Atlanta Georgia
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372 Test Method

Test method EPA 9060 (modified for soils) was used to determine the TOC of the two samples
tested The soil samples were placed n zip lock bags during sampling and stored at Golder s
soils laboratory in Atlanta The samples were sent to the analytical laboratory approximately

five months after sampling

373 Results

Testing for TOC was conducted about five (5) months after the samples had been collected
While holding times and sample preservation (temperature) were not met values of TOC
obtained from the laboratorv analvsis are considered representative of the nonvolatile organic

carbon encountered in the soils The laboratory test results are included in Appendin E >
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40 NATURAL ATTENUATION EVALUATION AND RESULTS

41 General

An evaluation of recent and historic groundwater sampling was conducted to assess Natural
Attenuation (advection dispersion sorption dilution and/or 1st order decay (biodegradation))
activitv at the Site  The imitial evaluation involved the interpretation of several chemical and
geochemical parameters These included the determination of concentrations and distributions
of contaminants daughter products and groundwater geochemical parameters The Site was then
ranhed using the natural attenuation screening system of Wiedemeier etal (1996) Fmally 1 D
and 2 D analvtical fate and transport modeling was performed to estimate the rate of natural
attenuation occurring at the Site and then using these results evaluate the potential behavior of
the residual TCE plume downgradient of the proposed Iron Reactive Permeable Barrier (see

Section > 6 4)

The groundwater elevations in the upper/intermediate sands are shown on Figure 6 for the latest
sampling round of May 1998 These contours indicate groundwater flow from the NW to the
SE with a low flow gradient from MW 5A to WT 18 and the Allen Well The TCE groundwater
concentrations measured in the intermediate sands are shown as contours on Figure 7 for the
latest sampling round of May 1998 and also highlights the groundwater flow direction at the
Site The flow direction derived from the potentiometric contours given on Figure 6 1s consistent

with that inferred from the TCE groundwater concentration contours shown on Figure 7

42 Tabulation of Site Chemistry Data

Tables 1 2 and 3 summarize the relevant data as provided by MWR/Envirogen for the Natural
Attenuation evaluation Table 1 lists data for thirty two (32) wells at the Site consisting of
geochemical parameters measured 1n the field at the time of sampling (temperature pH Eh
specific conductance and dissolved oxygen) as well as current TCE data historic TCE and
dissolved 1ron data Tables 2 and 3 present the results of the sampling of the five selected
natural attenuation wells chosen to monitor conditions within and to delineate the

downstream extent of the TCE plume Table 2 provides inorganic parameters and relevant
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daughter products of the reductive dechlorination of TCE Table » lists other VOCs that were

detected during the analysis

43 Spatial Delineation of Natural Attenuation Indicator Parameters

Dissolved oxygen (DO) 1s the favored electron acceptor used by microbes for the biodegradation
of organic carbon whether natural or anthropogenic However reductive dechlorination (the
principal mechanism likely to degrade TCE at the Site) occurs following the depletion of
oxygen after which anaerobic microbes will use nitrate iron sulfate and carbon dioxide as the
terminal electron acceptor DO measurements from the Site were difficult to obtain due to
aeration of the sample prior to measurement due to the groundwater level drawn below the top of
the screened interval and 1n manv cases the wells purged dry Due to the difficulty n obtaining
representative DO values of the groundwater the Redox Potential (Eh) measurements have been

relied upon to indicate a reducing environment

The Redox Potential Eh indicates whether oxidizing or reducing conditions are present at the
Site  An Eh of <50 mV 1s indicative of an onset of a reducing environment and a negative Eh 1s
the sign of an especially strong reducing environment A large number of the monitoring wells
at the Site have low (<50mV) Eh values with negative Eh values determined 1n twelve (12) of
the thirty two (»2) wells sampled The Redox Potential values are shown as contours on Figure
19 with low Eh values measured in the overall general area of the TCE plume as given on Figure

7 The low Eh values indicate significant reducing conditions are present at the Site

In many cases 1ron (III) 1s used as the electron acceptor during biodegradation of the organic
compound TCE During this process 1iron (III) 1s reduced to wron (II) ferrous iron which 1s
more soluble than iron (III) Therefore higher concentrations of dissolved iron 1n comparison to
background levels within the zone of contamination would likely indicate increased levels of the
water soluble iron (II) Field testing for ferrous iron was not conducted 1n 1998 Aeration of the

field samples (noted above) would have produced non representative values
After DO and bioavailable iron have been depleted in the zone of natural attenuation sulfate can

be utilized as an electron acceptor therefore lower concentrations of sulfate as compared to

bachground may be an indication of natural attenuation Sulfate concentrations were obtained for
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the five monitoring wells in the range of 15 to 160 mg/L (Table 2) and 1llustrated as contours on
Figure 20 Well MW 23WT 1s apparently sufficiently downgradient of the plume (TCE was not
detected) as to be considered bachground and the reported sulfate concentration 1s 120 mg/L
The lowest concentration of sulfate 1s approximately an order of magnitude less and occurs in
well MW 3A near the plume source indicating a contribution of sulfate reduction to the overall
natural attenuation process The sulfate concentration at MW 8A being 160 ppb measured in
the upper sand 1s one of the highest and 1s located adjacent to MW 8 with sulfate concentrations
of 59 ppb MW 8 1s screened in the intermediate sand MW 2 is 1n a perched water table and the
high sulfate concentration of 160 ppb in this well 1s not representative of the groundwater
regime The well with high TCE concentration MW 3A has a sulfate concentration one order

of magnitude less than other wells

The end point reaction tn reductive dechlorination of TCE 1s ethene and ethane As shown in
Table 2 ethene was reported 1n all five wells sampled ranging from 13 ng/l to 49 021 ng/l The
greatest concentration of ethene was reported at monitoring well MW 2 located 1n the source
area of the TCE plume and 1s the monitoring well with the historically highest TCE
concentrations Ethene and ethane levels measured at the Site are shown on Figures 21and 22
respectively The intermediate degradation compound of TCE ci1s 1 2 DCE was detected at
high concentrations in monitoring well MW 2 also indicating significant natural degradation
Previous sampling data (Woodward Clyde Consultants 1994) combined with this current
groundwater sampling event which provides evidence of the presence of ethene help to

document a complete dechlorination pathwav mechanism being present at the Site

Alkahinity 1s a measure of the dissolved carbonate bicarbonate sulfates phosphates pH and
other buffering antons in the aquifer It results from the interaction of carbon dioxide (an end
poimnt oxidative daughter product) with aquifer mimnerals and s also a direct product of the
bacterial cell synthesis cycle It 1s indicative of natural attenuation when 1t can be shown that the
concentrations within the natural attenuation zone are at least twice that of background Table 2
shows that measured alkalinity concentrations range from 230 mg/l to 1400 mg/l and the
distribution of alkalinity concentrations at the Site are given as contours on Figure 23  If well

MW 23WT 1s considered background for the Site the extremely high alkalinity level at MW 8 1s
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consistent with the presence of anaerobic biodegradation activity Wells MW >A and MW 8A

did not have high alkalinity values compared to Well MW 23WT

44 Trend Analysis for VOCs

Further evidence of natural attenuation 1s apparent upon comparison of the 1994 TCE data with
the 1998 data Table 1 indicates that in most wells within the zone of contamination the TCE
concentration 1s decreasing Well MW 3A 1s located near the source and 1s observed to have
decreased by about half (14 000 ppb to about 7 000 ppb from 1994 to 1998) MW 8A decreased
from 240 ppb to 7 ppb MW 8 from 29 ppb to 1 ppb and the Allen Well from 560 ppb to 120 ppb
to 51 ppb from 1986 1992 and 1998 respectivelv Noticeable increases in TCE concentration
were reported at three wells MW 2 1n a perched water table in the source area and wells MW 7
and WT 18 with minor increases detected in Wells MW 6 and WT 14 At well MW 2 the
increase fiom 350 000 ppb to 1 100 00 ppb 1s consistent with 1ts location within the source area
where the perched groundwater concentration fluctuates in and around an order of magnitude of
solubility At well WT 18 only a shght increase from 12 ppb to 45 ppb was reported and 1s
similar in concentration to the nearby Allen Well MW 7 increased from non detect in 1994 to

31 ppb/1ppb (duplicate) in 1998

The spatial change in groundwater TCE concentration 1s best observed by comparing the two
duplicate plumes from the 1994 and 1998 sampling events  The TCE groundwater
contamination plume as shown on Figure 7 has reduced in concentration and in the overall TCE
mass contained 1n the plume over the past four (4) years The dissolved phase mass of TCE in
the groundwater plume delineated in the Supplemental RI/FS Investigation Report (Woodward
Clyde Consultants 1994) 1s estimated to be > 90 lbs while 1n 1998 Figure 7 the dissolved
phase mass of TCE 1s estimated to be 33 lbs based on the TCE concentration contours shown on

Figure 7 That 1s there 1s greater than a 60% reduction 1n TCE 1n the groundwater plume over

the past four (4) years

A further indication that Natural Attenuation mechanisms are occurring 1s that cis 1 2 DCE 1s
generated as 1s evident from wells MW 2 and MW 3A The significant reduction 1n the ratio of
cis 1 2 DCE to TCE from the unsaturated source area MW 2 to the groundwater MW 3A 1s

clearly indicative of significant Natural Attenuation mechanisms being active at the site  As cis
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1 2 DCE 1s a primary breakdown product of TCE 1t 1s expected that as the TCE concentration
decreases eg ci1s 12 DCE concentration will change proportionately so as less TCE 1s
available to degrade For example in MW 8A the TCE concentration decreased from 240 ppb to
7 ppb (1994 to 1998) and cis 1 2 DCE decreased from 0 8 ppb to non detect over the same
period Furthermore 1t 1s expected that vinyl chloride (VC) though not detected has been
generated as a daughter product of cis 1 2 DCE and then VC being biodegraded either by

reduction to ethene and ethane or by ovidation

Overall the evaluation of the natural attenuation indicator parameters the presence of a
complete degradation series from TCE to ethene and the decreasing TCE (concentrations and
mass) i the aquifer indicate active bioremediation 1s occurring at the Site at rates significantly

greater than that of current TCE loading to the aquifer

45 Ranking of the Site Using the Screening Scoring System

A recent development n the assessment of sites for the prospect of natural attenuation 1s a
Scoring Syvstem developed by Wiedemeiter et al (1996) which assigns points to various
chemical and geochemical parameters which can be measured or analyzed for at a Site In
totaling the points for the site a judgment can be made as to the potentiality of the Site for

Natural Attenuation Table 8 lists the assessment of the Site utilizing the Scoring System

The total number of points accumulated 1n this analysis was 16 This total score 1s interpreted by
the Scoiing System as showing adequate evidence for Natural Attenuation The sub score for
the DO field data of one (1) was assigned from the Redox Potential data because of the limited
applicable DO measurements available Considering the low Redox Potential data assignment
of one to the DO field data 1s conservative Some key parameters 1n the Scoring System were
not measured due to sample deviation and thus result in a low score even though there 1s

significant evidence of Natural Attenuation of TCE occurring at the Site

The score of 16 would mark the Site as having adequate evidence of Natural Attenuation The
evaluation of Natural Attenuation at the Site 1s determined 1n order of importance from the

following
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1 Groundwater TCE Concentrations
o Spatial distribution and Time Trends of Concentration Data

t

Presence of Daughter Products
e cis 12 DCE
e ethene and ethane

3 Natural Attenuation Indicators

¢ presence of electron donors
reduction of computing electron acceptors
evidence of Cometabolic Degradation
availability of growth substrates
evidence of mineralization

4 Site Ranking of Parameters

Considering the significant reduction in TCE concentrations in the groundwater and the
presence of daughter products 1t 1s concluded that there 1s adequate to strong evidence of

Natural Attenuation mechanisms being active at the Site

Natural Attenuation (USEPA 1996b) 1s those processes being biodegradation dispersion
dilution adsorption or other natural processes that will attain required cleanup levels within a

reasonable time frame

46 Fate and Ty¥nsport Modeling

To assess whether the groundwater constituents at the Site are a result of mass removal by
Natural Attenuation fate and transport transient modeling of the TCE plume was performed
The modeling mvolved utihzing analytical transient solutions that includes advection dispersion
sorption dilution and/or 1st order decay (biodegradation) to best fit the measured data and thus

determine the natural degradation mass removal of TCE from the system

A one dimensional transient analysis was performed along the centerline of the plume enabling
the half life of TCE (1st order decay coefficient) to be determmed A two dimensional transient
model was then used to support the results of the one dimensional model and to determine the

mass reduction of TCE from the plume due to natural degradation
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461 One Dimensional Fate and Transport Transient Modeling

The plume was modeled using the advection dispersion transient equation with constituent
retardation and contanunant exponential decay as presented by Bear (1979) Two solutions of

this transient equation were developed for the following conditions

QO Advective dispersine transport with constituent retardation due to adsorption and no
degradation and

Q Advectine dispersive transport with constituent retardation and contaminant exponential
decay

The governing transient equation 1s
oc_(DYac) (U (ﬂ]_m
ot | R, | ox nR, )\ ox

where D 1s the coefficient of hydrodynamic dispersion C 1s the TCE concentration U 1s the

groundwater velocity \ 1s the longitudinal ordinate t is Time n 1s porosity Ry 1s the TCE

retardation coefficient and ? 1s the biodegradation decay constant for TCE

Several hvdrogeologic parameters are required as inputs to the model as detailed in equation (7)

Groundwater velocity was determined by first calculating the hydraulic gradient from the
equipotential map of the intermediate sand (Figure 6) constructed from data measured in the
recent sampling event of 1998 In the direction of the plume on a line from MW8 to MW 2,WT
the gradient was determined to be 0 0015 ft/ft The hvdraulic conductivity of the intermediate
sand of 0 005 cm/s (14 ft /day) was estimated from laboratory grain size and pump test data The
porosity of the site was estimated to be of the order of 035 (1e 35%) for a medium dense sand
to silty sand (Holtz and Kovacs 1981) thus giving a groundwater velocity of about 22 ft/year or
0 06 ft/day in the direction of the TCE plume For the model simulations a linear groundwater

velocity of 22 ft/year was used
The retardation coefficient 1s estimated from the expression R;= 1+ p Ki(1 n)/n where p 1s the

bulk density of the solid matrix (2 65 g/ml) K, 1s the soil water distribution coefficient for TCE

and n 1s the porosity The distribution coefficient Ky estimated from the Schwarzenbach and
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Westall (1981) equation (K, = Foc * Koc) has been shown to considerably underestimate K, for
sands with low values of organic carbon Curtis et al 1986 The fraction of organic carbon
(Fou) n the upper and intermediate sands was determined from laboratorv analyses to be an
average of 002% as measured from field samples from borehole GB 1 and reported in
Appendix E > The Foc values obtained from the laboratory analysis are considered
conservative for the determination of K, since the samples were tested a few months after the
samples were collected 1n the field and the volatile organic carbon may have been lost during
this period Field estimates for K, 1n sands of similar organic carbon content have been reported
Roberts et al 1986 and Rivett et al 1994 and provide R; values for TCE from 12to2 as a

reasonable range The retardation coefficient R;was estimated to be in the range of 1 2to 1 6

The coefficient of hvdrodyvnamic dispersion was estimated from the expression D=alU/n where
o 1s the longitudinal dispersivity The longitudinal dispersivity o 1s approximated as a function
of the plume length and in this case was estimated to range from a low of 1/10 to a high of 1/4 of

the plume length yielding a range for the disperston coefficient D of from 7 to 22 ft /day

A transient sensitivity back analvsis was conducted to determine the values of R; D and A that
best matched the current observed groundwater TCE concentrations along the plume longitudinal
axis The parameters R; and D were onlv considered within an acceptable range as stated above
The degradation decay constant ¢ for TCE was then determined to best match the measured

TCE data The degradation half life for TCE (t, ) is related to A by t; =0 695/?

Particular attention was given to calibration in the area of monitoring well WT18 and the Allen
Well The model fit utilized the source area data from MW 3A which 1s the first well in the
intermediate sand and 1s directly below the source area Other wells used were WT 18 the Allen
Well and MW 23WT which was used as the downgradient limit of the plume as TCE was not
detected in this well The back calculated parameters from the transient sensitivity analyses are
detailed 1n Table 9 The range of t; to best fit the data was from a low of 500 days to a high of
700 days Equation solution and output from the 1D transient model are contained in Appendix

F 1
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As shown on Figure 24 without degradation te 1f onlv advection dispersion and retardation are
accounted for the model prediction curves lie significantly above all measured field data
Computed curves for the range of back calculated parameters given in Table 8 are virtually
identical as shown on Figure 23 The lower curves that account for a 1 ' order decay fit the field
data well for TCE half lives ranging from 500 to 700 days This range of half lives 1s well within
the range of reported half lives for TCE (e g Howard etal 1991 USEPA 1996)

The TCE concentration at the Allen Well has been declining over the past 10 years from 560
ppb in 1988 120 ppb in 1994 and 51 ppb in 1998 The above 1D fate and transport model was
calibrated with current 1998 data and did not attempt to match the time delay decline in TCE
concentration m the Allen Well As a further check on the vahditv of the 1D model s site
parameters 1t was constdered prudent to check if the model could simulate the declining TCE
concentrations in the area of the Allen Well by solelv modifying the source loading If the TCE
concentration n the saturated source near MW >A was assumed to be 20 000 ppb from 1968 to
1988 and 10000 ppb thereafter the model predicted approximately three () times higher
concentration 1n the vicinity of the Allen Well in 1988 compared to that computed for 1998 The
abilityv of the model to predict a significant dechining concentration at the Allen Well over the
past ten (10) years with reasonable source loading reduction provided further evidence that the
model s back calculated parameter values for TCE degradation and retardation are reasonable for

this Site

The Natural Attenuation of TCE in the groundwater can be evaluated within the model by

computing the mass of TCE lost between the two curves shown on Figure 24 From this figure

it was calculated by the model that 80% of the TCE was removed due to Natural Attenuation

462 Two Dimensional BIOSCREEN Model

To further assess whether the groundwater constituents at a Site are undergoing biodegradation
of mass a2 D solute transport transient analysis was performed using the USEPA BIOSCREEN
Model Version 1 4 (USEPA 1997) BIOSCREEN is a screening level model that can be used to
help verify that Natural Attenuation is occurring at a site As an analytical model BIOSCREEN
assumes simple groundwater flow and therefore can only approximate the complicated processes

that occur at the field scale However 1t provides further validation of the one dimensional
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model and estimates the reduction 1n contaminant mass that 1s attributable to Natural Attenuation

in the presence of transverse dispersion

Most of the model inputs are the same as the one dimensional model being source
concentration groundwater velocity retardation coefficient longitudinal dispersivity and decay
coefficient  The only additional input parameters for the two dimensional model 1s the
transyerse dispersivity (o ) and the source plan width The effect of transverse dispersivity (a,)
which 1s the only distinction between the one and two dimensional models can have a
significant impact on contaminant concentration There 1s excellent agreement between the two
models when o 1s set to a small number The geometrv of the groundwater TCE plume see
Figure 7 indicates a low transverse dispersivity for the upper and intermediate sands Field data
on transverse dispersivities on similar sands have computed a values of approximately 1/50" to

1/100" of the longitudinal dispersivity Rivett et al 1994

The two dimensional model BIOSCREEN computed the TCE downgradient concentrations for
the same parameters as the one dimensional model presented in Section 4 6 1 and are detailed 1n
Table 10 The transverse dispersivity was selected to ensure the computed plume as determined
by the two dimensional model was 1n reasonable agreement with the observed Site plume width
Figure 7 The computed TCE concentrations along the plume major flow axis by the 1D and 2D
models are in close agreement see Table 10 Output results for the 2D model are contained in

Appendin F 2

Since both models (1 and 2D) predicted similar TCE concentrations along the longitudinal plume
axes the 2D model BIOSCREEN provided a validation of the 1D model and also quantified the
TCE degraded in the presence of transverse dispersion BIOSCREEN calculates the mass of the
plume for each case with and without biodegradation and reports the difference as the mass
removed due to biodegradation The important result 1s the percentage reduction in mass of TCE
from the No Degradation curve to the 1°' Order Decay curve and which s only shghtly
affected by changes in transverse dispersivity &, The reduction represents the amount of TCE
removed due to natural biodegradation and was predicted by the model to be 85% This result
supports the conclusion that Natural Attenuation 1s contributing significantly to TCE mass

removal at the Site  The current mass of TCE dissolved in the groundwater 1s estimated from the
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model as being 1>hgm (29 lbs) which 1s consistent with the dissolved mass of TCE of 55 lbs
computed from the 1998 TCE concentration contours shown on Figure 7 and discussed in

Section2 3

47 Summary Of Intrinsic Degradation Evaluation

A Natural Attenuation evaluation was conducted for the Site using time trend analysis Natural
Attenuation indicator parameters a scoring system and analytical fate and transport modeling
The generally dechining TCE conditions in the aquifer the evaluation of the Natural Attenuation
indicator parameters and the presence of a complete degradation series from TCE to ethene
indicate active bioremediation of TCE 1s occurring at the Site  These findings are supported by
Site specific modeling results that indicate that degradation 1s occurring and occurring at rates
consistent with other pubhshed field values The fate transport model provided a reasonable fit
to the data with realistic input supported by a sensitivity analvsis of the input parameters From
these results 1t 1s predicted by the model that 80% of the dissolved TCE 1in the groundwater has
been removed to date by Natural Attenuation Such natural biodegradation will contmue
downgradient of an Iron Reactine Permeable Barrier and therefore such Natural Attenuation

needs to be incorporated into the proposed Alternative Groundwater Remedy
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50 IRON REACTIVE PERMEABLE BARRIER EVALUATION AND RESULTS

51 Hvdraulic Fracturing Background

Hydraulic fracturing has been utilized in the petroleum industry for over 60 years to increase the
yield in low permeability formations The hydraulic fractures in brittle rocks propagate in the
direction of the maxtmum principal stress (Hubbert and Willis 1957) Honzontal fractures
develop mn high horizontal stress (overly consolidated) conditions while at depth vertical

fractures dominate due to low horizontal stress (normally consolidated) conditions

During the past 5 years hydraulic fracturing of weak highly permeable formations has become
standard practice n the petroleum industrv primarily for sand and production control in a
procedure called frac and pack (Wonget al 199,) Recently hydraulic fracturing has been used
for environmental remediation applications (Hoching and Wells 1997 and Hoching Wells and

Ospina 1998a and 1998b)

A series of field hydraulic fracturing experiments n loose sands and peat layers led to the
realization that the azimuth of vertical hvdraulic fractures could be controlled by a fracture
imtiation device (Hocking 1996) The field experiments have demonstrated that a) the vertical
fractures can be placed at any required azimuth or bearing b) by the simultaneous injection of
multiple fracture well heads continuous coalesced fractures are formed and c) by a process of
tip screen out fracture thichness can be controlled The technology involves imtiating the
fracture at the correct orientation at depth and by controlled injection of multiple well heads as a
continuous permeable barrier 1s created Figure 25 To date the technique has been demonstrated
to work 1n a range of soil and stress conditions from loose cohesionless sands partly cemented
dense sands to clay and silts Hydraulic fractures have been created with a variety of materials
sand granular iron and sintered bauxite for permeable barriers and bentonite/cement mixtures

for impermeable barriers

52 Hydraulic Fracturing Placement of Onented Iron Reactive Permeable Barriers

Orientated vertical hydraulic fracturing technology requires an injection delivery system

comprising three prime components 1) the fracture initiation device 2) the controlled pumping
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equipment and 3) the real time monitoring and inverse algorithms for determining fracture
geometry The fracture initiation device controls the fracture orientation The pumping svstem 1s
speciallv designed to achieve a precise control of fracture fluid pressures and flow rates The real
time monitoring system provides feedback response to ensure the fractures are propagating as
planned A flow chart of the entire mixing pumping and 1njection equipment and
instrumentation 1s given on Figure 26 The downhole nitiation tools comprise a suite of tools
depending on the geological formation depth and the fracturing fluid required for the particular

application

The real time nstrumentation volves either high precision b1 avial tilt meters for monitoring
surface movements or resistivity receivers for monitoring surface and/or sub surface induced
voltages when active resistivity 1s used to quantify fracture geometry For installation of iron
reactive permeable barriers at great depths tilt meters are tvpically not used Active resistivity
methods can be utilized to determine fracture geometry in real time during the injection process
During injection the gel/iron mix 1s electrically energized with a low voltage 100 Hz signal
Downhole resistivity receivers are monitored to record the in phase induced voltage by the
propagating fracture From monitoring the fracture fluid induced voltages and utihzing an
incremental inverse integral model the fracture fluild geometry can be quantified during the

installation process

The hydraulic fracture ron reactive permeable barrier 1s constructed by injecting through
multiple well heads spaced typically 1> feet apart along the permeable barrier alignment
Generally two (2) well heads are initiated and njected simultaneously to achieve a coalesced
continuous fracture filled with the iron reactive mixture The next cluster of two (2)
simultaneously injected well heads are spatially located to ensure the neighboring fractures
overlap sufficiently to provide a continuous treatment permeable barrier The quantities of
injected 1ron reactive mixture are continuously monitored to ensure sufficient reactive tron 1s

injected through the individual well heads

Golder implements strict quality control procedures during construction of Iron Reactive

Permeable Barriers to provide the necessary assurance that the reactive barrier system s design
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performance requirements are achieved Golder s construction quality control procedures and

acceptance criteria concentrate on the following

O Batch consistency tests of the 1ron reactive mixture
O Thickness and injected quantities of reactive iron in the various hydrogeologic units
O Geometry of the reactive wall monitored (active reststivity) during injection and

O Effectiveness of the wall from hydraulic pulse tests

The permeable reactive wall 1s tested for 1t s hydraulic effectiveness by pulse interference tests
Pulse nterference tests mvolve a cvclic mjection of fluid into the source well and bv high
precision measurement of the pressure pulse i a neighboring well detailed hvdraulic

characterization between wells can be made

The pulse interference test 1s highly sensitive to hvdrogeological properties between the wells
and relatinvelv insensitive to conditions outside of the wells The time delay and attenuation of the
hvdraulic pulse enable the hvdraulic effectiveness of the wall to be assessed Before the gel cross
hnk 1s brohen the wall acts as a temporary flow barrier because the gel 1s an impermeable
viscous flurd If the wall 1s continuous significant attenuation of the hydraulic pulse will occur
If holes are present the time delav and lack of attenuation of the pulse enables the gross area and
approximate location of any holes to be delineated Following breaking of the gel a Permeable
Iron Reactive Permeable Barrier remains with minimal gel residue Laboratory permeability
tests have quantified that the gel residue 1s minimal and does not impact the permeability of the

Iron Reactive Permeable Barrier

Construction monitoring of the permeable barrier s installed geometry and hydraulic
effectiveness provides the capability and flexibility to handle unanticipated conditions and
events during the permeable barrier nstallation For example if the permeable barrier appears
deficient 1n thickness 1n certain areas or unanticipated subsurface conditions or events are
present additional reactive iron can be injected into the i1dentified zone by multiple njections
through the hydrofracturing wells Alternatively 1f any gaps or holes are 1dentified in the

permeable barrier or any previously unidentified contaminant pathways are revealed then an
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overlapping permeable barrier can be placed over the gap or potential pathway  This
construction and ongoing quality control monitoring activities ensures the reactive system 1s

built to the required degree of integrity and hydraulic effectiveness

53 Fracturing Fluids

The placement of iron treatment permeable barriers by orientated vertical hydraulic fracturing
requires a fracturing fluid gel that is both compatible with the iron and the hydraulic fracturing
process In the petroleum industry water based fracturing fluids predominate The fracturing
fluid needs to be compatible with the formation and formation fluids be capable of controlling
viscosity and carrying proppant be an efficient fluid (1e low leak off) and have low friction
coefficient (Gidley et al 1989) Hydraulic fracturing cross hink gels are typically guar HPG
(hvdroxvpropylguar) and cellulose based gels such as CMHEC (carboxyvmethyl
hydroxvethvicellulose)  The guar based gels are considered natural polymers while the

cellulose polymers are usually constdered synthetics

A wide variety of metal cross hinkers have been developed with the earliest cross linkers being
borate and antimony based When added to the fracturing fluid the metals within the cross linker
are dispersed between the polymers A strong attraction occurs between the metals and the
hydroxy! or carboxyl groups increasing the viscosity of the fluid to create a very viscous gel
(Gidley et al 1989) Breakers are added to controllably degrade the viscous gel down to a thin
watery fluild The two common breakers are enzymes and oxidizers The HPG and cross hinker
constituents and enzyme brand are proprietary chemicals of Golder and are referenced as Golder
B 1 Golder BC 1 and Golder BE 1 respectively MSDS sheets are available on all of the
constituents and extensive chemical analyses are available of the gel including prionity pollutant
scans The gel does not exceed drinking water MCLs for any compound Golder s standard

fracturing fluid design was presented 1n Section 3 2 (Table 4)

54 Reactivity of Iron
Zero valent metals have been known to abiotically degrade certain compounds such as pesticides
as described by Sweeny and Fisher (1972) and halogenated compounds such as TCE PCE VC

and cis 1 2 DCE as detailed in Gillham and O Hannesin (1994) In the case of zero valent iron
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the abiotic degradation of halogenated aliphatics can be approximated by a first order reduction
process The compounds are progressively degraded to daughter products and eventually broken
down into ethanes and ethenes (Orth and Gillham 1996) as shown on Figure 27 In situ iron
passive reactive permeable barriers have been placed at a number of sites dating bachk to the first
constructed at CFB Borden 1in 1991 by the University of Waterloo The placement of granular
wron n the subsurface for passive in situ treatment of contaminated groundwater was tirst
discussed by Gillham (1993) The mode of placing the granular iron has been by conventional
technologies such as shoring and excavation and trenching More recently methods for deep

installation have been considered by Hubble Gillham & Cherrv (1997)

Iron reactive walls have significant advantages over conventional technologies for remediating
chlorinated solvent contaminated groundwaters with the prime advantages being that the s\vstem
1s passive It 1s a simple process that has been proven both 1n the laboratory and the field Site
characterization and laboratory bench scale studies are sufficient to design and construct an iron

reactive wall

55 Iron Reactive Permeable Barrier Feasibility Acceptance Criteria

The Iron Reactive Permeable Barrier at this Site should be designed to reduce VOCs n the
groundwater to below MCL levels The feasibility of IRPB s as a remedial groundwater
alternative for the McGraw Edison Site should consider the following general requirements and

specific acceptance criteria

General Requirements

QO The IRPB should consider geotechnical hydrogeological and groundwater chemistrv
data collected during the different Site field investigations

O The IRPB should consider the use of commercially available zero valent granular iron
the selected emplacement technique and the 1nstallation depth

Q The IRPB should consider the variability of Site data (hydrogeology and geochemistry)
tron reactivity and soil desorption column test data and installed wall thickness
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U The IRPB should be able to reduce the VOCs encountered in the Site groundwater to less
than MCL levels and the downgradient concentrations from the IRPB should deciine
with time to less than MCL levels within a moderate time frame of 10 to 15 years

U The IRPB installation method selected should allow for implementation of construction
qualitv assurance and quality control procedures during construction

U The performance of the IRPB can be properly monitored with time to evaluate its
performance based on the ability of the system to reduce the VOCs encountered in the
groundwater being treated to less than MCL levels

Specific Acceptance Criteria

O Fracturing fluids used 1n hydrofracturing technology should be efficient flurds with low
leak off 1In a leak off test (Golder Test Method) the volume lost (leak off) measured
during the test at 10 minutes under a test cell pressure of 25 pounds per square mch
should not exceed 75 milliliters

Q Fracturing fluids used 1n hydrofracturing technology should provide sufficient resistivity
contrast with the in situ soils where the IRPB 1s installed for monitoring the geometry of
the permeable barrier during construction The fracturing fluids should have a resistivity
at least 50 times lower than the Site soils

O Reduction rates of groundwater VOCs downgradient the location of IRPB depend on the
groundwater effluent concentrations from the IRPB treatment system and the Intrinsic
Degradation and soil desorption rates of VOCs n the groundwater downgradient from
the IRPB In a soil desorption column test (EnviroMetal Inc Test Method) the test
results should indicate that the TCE concentration in the column effluent 1s reduced to
less than 5% of the peak concentration of TCE observed during the test and

O The zero valent granular iron selected for the installation of the IRPB should be reactive
enough to reduce the VOCs encountered i1n the Site groundwater to less than MCL
levels From an iron reactive bench scale column test (EnviroMetal Inc Test Method)
a field half life of less than 2 S hours (1 25 hours in the laboratory) should be determined
for TCE

Results of leak off tests indicate that Golder s standard fracturing fluid would produce low leak
off during installation of an IRPB at the Site using the hydrofracturing technology A volume
lost (leak off) of 13 3 mulliliters was measured during the leak off test (Golder Test Method) at
10 minutes under a test cell pressure of 25 pounds per square inch This result 1s within the
acceptance criteria because 1t is lower than the 75 milliliters maximum allowed for the selection

of IRPBs and the use of hydrofracturing technology for nstallation
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The so1l resistivity test results indicate soil resistivity values in the range of 6 600 to 7 600 ohms
cm  The Golder standard fracturing fluid has resistivity values that range from 1 600 to 2 400
ohms cm with a mean of 1 900 ohms cm which 1s about 37 times lower than the measured
laboratory resistivity of the Site soils Therefore the Golder standard fracturing flud would
produce sufficient resistivity contrast (greater than 30 times) with the n situ soils for mapping

the geometry of the IRPB during installation and 1s thus deemed acceptable

Reduction rates of groundwater VOCs downgradient the location of the IRPB depend on the
groundwater effluent concentrations from the IRPB treatment system and the Natural
Attenuation and soil desorption rates of VOCs n the groundwater downgradient from the IRPB
The results of the soil desorption column test (EnviroMetal Inc Test Method) indicated a peak
TCE concentration of 1 169 ppb at 0 2 pore volumes declining to below 10 ppb at four (4) pore
volumes and to 1 9 ppb after 16 pore volumes The TCE concentration after sixteen (16) pore
volumes 1s less than the maximum allowed test acceptability criterion 5% the peah TCE

concentration observed in the column and MCL making the IRPB acceptable for the site

The zero valent granular iron selected for the installation of the IRPB should be compatible with
the hydraulic conductivity of the Site soils and be reactive enough to reduce the VOCs
encountered 1n the Site groundwater to less than MCL levels The medium to fine Master
Builders granular iron was selected for the IRPB This granular iron 1s compatible with the
hydraulic conductivity of the sands in the upper and intermediate sand units and is reactive
enough when in contact with the Site TCE contaminated groundwater to reduce VOCs to less
than MCL levels The medium to fine Master Builders granular iron has a hydraulic
conductivity ranging from 1 x 10 cm/sec to 5 8 x 10? cm/sec with a mean of 2 6 x 10 cm/sec
which 1s greater than the estimated hydraulic conductivity of the upper and intermediate sands
(see Table 11)  Granular iron filings with a hydraulic conductivity lower than the Site soils

would impact the natural groundwater flow regime across the Site

The medium to fine Master Builders granular 1ron selected for the IRPB 1s reactive enough to
reduce the VOCs encountered in the Site groundwater to less than MCL levels The results of
the iron reactivity bench scale column test (EnviroMetal Inc Test Method) indicated a

laboratory half life of 0 4 hours for an anticipated field half hife of 1 hour which 1s acceptable
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given 1t 1s less than the 2 5 hrs set as the minimum half life as part of the acceptance criteria for

IRPBs

56 Alternative Groundwater Remedial Plan

561 General

The proposed groundwater remedial alternative mvolves the nstallation by the hydrofracturing
technology of an Iron Reactive Permeable Barrier at the source area to intercept the Site TCE
contamination 1n the upper/intermediate sands The IRPB would reduce the VOCs encountered
in the Site groundwater to less than MCL levels and the VOCs concentrations in the remnant
plume downgradient from the IRPB source control reactive barrier would dechine with time to
less than MCL levels by Natural Attenuation The proposed location of the IRPB with respect to

the TCE plume 1s shown on Figure 28 A cross section along the IRPB 1s shown on Figure 29

The IRPB would be three (5) inches average thickness and 20 feet high by 240 feet long
extending from about Elevation 99> ft MSL down to Elevation 975 ft MSL (2> ft to 4> ft BGS)
covering a cross sectional area of 4 800 ft The IRPB will be constiucted by hvdraulic
fracturing only the sand units shown 1n the cross section on Figure 29 The fracturing wells will
be able to fracture individual sand units if necessary The overlying and underlying tills are

sufficient to contamn the fractures within the sand unit and thus mavimize the thichness of the

reactive barrier

The IRPB would be located approximately 70 feet downgradient from groundwater monitoring
well MW 3A and 35 feet upgradient from monitoring well EW 1  The IRPB 1s intended to
intercept the contaminated groundwater flowing 1n the direction of the TCE plume through the

upper and intermediate sand units encountered at the Site

The location of the IRPB shown on Figure 28 1s an optimum layout for a source control reactive
barrier If access or legal 1ssues dictate that the IRPB be located within the Site property an
alternative location and layout of the IRPB 1s given 1in Appendix G Thus alternattve location and
extent of the IRPB 1s equivalent to the IRPB shown on Figure 28 however due to 1ts increased

length of 10% 1t would impact nstallation cost by approximately 10%
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562 Site Characterization Data

A number of field investigations have been performed at the Site for hydrogeologic and geo
chemustry characterization The Supplemental RI/FS Investigation Report prepared for the Site
(Woodward Clyde Consultants 1994) summarizes the data collected from previous field
investigations  As part of the May 1998 supplemental soils and groundwater sampling field
program implemented at the Site additional data was collected for the evaluation of Natural
Attenuation (Section 4 0) and the feasibility assessment of a IRPB  Two additional soil borings
GB 1 and GB 1A were drilled to collect soil samples for geotechnical and soil desorption and

tron reactivity bench scale column testing (Section 2 4)

The till clavs encountered at the Site in general consist of stiff to very stiff medium plasticity
silty clays (CL) The sands encountered in the upper and intermediate sand units consist
generally of medium to fine silty sands (SP SM) The grain size distribution analysis results of
sand samples tahen from borehole GB 1 were analyzed using the Hazen method (K=(D,;) D,
in mm and K 1n cm/sec) for estimating hydraulic conductivity  This analysis has yielded
hvdraulic conductivity values for the Site ranging from about 79 x 10 cm/sec to 14 x 10

cm/sec based on D), values ranging from 0 07 mm to 0 12 mm respectively A summary of the
analysis 1s shown on Table 11 The hvdraulic conductivity of the intermediate sands based on
results of aquifer pump tests (Woodward Clyde Consultants 1994) 1s on the order of 27 x 10

cm/sec  Hvdraulic groundwater flow gradients at the Site range from about 0 001 to 0 002 with
an average of 0 0015 ft/ft Based on an average hydraulic conductivity of 5 x 10° cm/sec a soil
porosity of 0 35 and a flow gradient of 0 001> ft/ft the groundwater flow velocity at the Site 1n
the direction of the TCE plume 1s estimated to be on the order of 0 06 ft/day (22 ft/year) The

groundwater flow gradient across the Site 1s shown by examining the potentiometric contours on

Figure 16

Groundwater TCE concentration data are available for 1994 and the May 1998 sampling events
The TCE concentration data for these two sampling events are summarized 1n Table 1 The
maximum groundwater TCE concentrations in the upper and intermediate sands has been
measured 1n monitoring well MW 3A with values of 14 000 ppb 1in 1994 and 7 000 ppb 1n May
1998 Concentrations of TCE 1n the Allen Well downgradient in the TCE plume (see Figure 28)
have been steadily dropping from 360 ppb in 1988 120 ppb 1n 1994 and to 51 ppb in the May
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1998 sampling event  Concentrattons of TCE in monitoring wells MW 25WT and MW 22WT
have been non detect (ND) 1n both sampling events The location of the IRPB with respect to the

TCE pl ime is shown on Figure 28

563 Iron Reactive Permeable Barrier Performance Forecast

An IRPB contaminant concentration reduction deterministic analysis was conducted to evaluate
the performance of the IRPB based on the ability of the system to reduce VOCs encountered in
the Site groundwater to less than MCL levels The analysis of an IRPB considers the
groundwater VOCs mfluent concentrations the in situ IRPB porosity the formation groundwater
flow gradient the formation hydraulic conductivity the velocity of the groundwater across the
IRPB the anticipated field half hives for the different compounds the average IRPB n place
thichness and the target IRPB effluent VOCs concentrations Only TCE and cis 1 2 DCE are

currentlv present in the Site groundwater at levels of 7 000 ppb and 50 ppb respectivelv

One design case was evaluated for the IRPB to treat the contaminated groundwater in the upper

and intermediate sands as follow

U Design Case I  One wall of 3 in average thichness installed in the upper and
intermediate sands which have an average hydraulic conductivity of 5> x 10 cm/sec

This design case was based on a maximum influent concentration of TCE of 7 000 ppb a mean

IRPB porosity of 0 45 and an average groundwater flow gradient of 0 0015 fv/ft

The results of the deterministic analysis including the input parameters are summarized in Table
12 The single hydraulic fracture installed IRPB n the upper and intermediate sands Design
Case I 1s sufficient to reduce the VOCs encountered in the Site groundwater to less than MCL
levels (5 ppb for TCE) Based on the analysis results the groundwater would be in contact with
the zero valent reactive 1ron for about 127 hours which 1s significantly greater than that required
(10 hours for TCE 15 hours for cis 1 2 DCE and 28 hours for VC) to reduce the VOCs to less
than MCL levels This significant residence time makes the designed IRPB a robust system

capable of reducing influent concentrations of TCE up to the solubility levels in groundwater
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(~40 000ppb) to concentrations below the MCL level immediately down grad ent of the

permeable reactive barrier

The column reactivity test indicated that an IRPB at this Site would have mimimal potential for
clogging and/or precipitation as to impact the permeable barrier s reductive performance The
inorganic chemistry of the Site groundwater 1s very similar to sites where reactive barriers have
been performing consistently for over 2 years The expected life of the reactive permeable
barrier 1s difficult to assess from laboratory data however from comparative field sites and
considering the low groundwater flow velocity at the Site the IRPB is expected to remain
effective 1n reducing the VOC s to MCL levels for fifteen (15) years Depending on the amount
of source reduced from the unsaturated zone by the SVE system and the reduction of the influent
concentration by Natural Attenuation n the saturated zone 1t will most lihely not be necessary to

install a replacement IRPB system

564 DNatural Attenuation of VOCs Downgradient of Iron Reactive Permeable Barrier

To evaluate the Natural Attenuation degradation of the remnant downgradient portion of the
TCE plume beyond the treatment area of the IRPB the 1 D fate and transport model was utilized
using the same sensitivity range of input parameters as described in Section 4 6 1  The results of
the modeling are shown on Figure >0 for the 2 year 5 year and 10 year predictions after the
IRPB 1s constructed for values of Ry D and t; of 14 166 ft /day and 600 davs respectively
Sensitivity analyses were conducted on the entire range of input parameters as detailed in Table
9 These sensitivity analyses computed a post IRPB period of 9 to 13 2 years with a mean of 11

Vs years would be required to reduce TCE concentrations to below MCL (1e 5 ppb)

The highest TCE concentrations downgradient of the IRPB 1n 2 5 and 10 years were estimated
by the model to be approximately 500 ppb 80 ppb and 5 ppb respectively That is the remnant
plume 1s predicted to be degraded by 65% 92% and 99% (1 e mass removal of TCE) after 2 §
and 10 years respectively following IRPB installation These analyses show that the alternative
Iron Reactive Permeable Barrier system 1in combination with the Site s documented Natural
Attenuation will reduce the remnant downgradient of the IRPB TCE plume concentration to

MCL levels within approximately ten (10) years
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565 Proposed Monitoring of Alternative Groundwater Remedv

The Alternative Groundwater Remedy consists of an IRPB for source control and Natural
Attenuation for biodegradation of the remnant TCE contamination downgradient of this source
control reactive barrier Monitoring activities are proposed to ensure the IRPB performs as
designed and that Natural Attenuation of the contaminants continues as expected It 1s proposed
that two (2) monitoring wells would be installed immediately downgradient of the IRPB  These
wells and upgradient wells such as MW >A would be sampled and analyzed periodicallv to
ensure the reactive barrier performs as designed Also site wide monitoring wells both up and
downgradient of the IRPB would be sampled and analyzed for TCE concentration periodically

at a sufficient frequency to be confident that Natural Attenuation 1s proceeding as expected

57 Comparatine Analvses of Groundwater Remedial Alternatives

The Record of Decision (ROD) dated September 1995 presented the USEPA selected remedy
which included groundwater extraction and ultraviolet catalyzed oxidation to treat the
groundwater and in situ treatment of the soils using soil vapor extraction The USEPA 1ssued an
Explanation of Significant Difference (ESD) to the ROD 1n June 1994 The ESD presented
Vacuum Enhanced Groundwater Recoverv (VGR) as an alternative technology to conventional

pumping of groundwater at the Site

Various alternative groundwater remedies such as a pump and treat system using either air
stripping granular activated carbon (GAC) or UV/onidation to remove the VOCs from the
treatment stream and discharge to the POTW or southeast drainage ditch have been
comparatively analyzed earlier by Woodward Clyde Consultants 1993 The VGR groundwater
extraction method using either UV oxidation or GAC for processing of the extracted
groundwater has been analyzed by ETG Environmental Inc 1n January 1995 and recommended

VGR with GAC for the waste/stream treatment

It 1s now well known that pump and treat methodologies for remediating groundwater
contaminated with DNAPLs such as trichloroethene (TCE) are not as effective as earlier
anticipated and have led to Superfund Reforms for Updating Remedy Decisions (USEPA

1996b) The Alternative Groundwater Remedial Plan of an IPRB and natural attenuation of the

GOLDER SIEFRA



October 1998 53 986 108>

remnant downgradient plume from the reactive barrier has been proposed because it meets the
essential criteria of acceptance as outlined in the memorandum Superfund Reforms  Updating
Remedy Decisions (USEPA 1996b)  The criteria for acceptance as outlined in this
memorandum are 1) an innovative cost effective technology for remediating the contaminated
groundwater that has been demonstrated since the time of the ROD and 2) recent data
documenting natural attenuation 1s active at the Site  The Alternative Groundwater Remedy of
an IRPB and Natural Attenuation satisfies both of the above criteria the IRPB being a recent
cost effective technology since the time of the ROD and the Natural Attenuation evaluation
having been derived from recent field data The Alternative Groundwater Remedy can be
implemented in a timely manner 1s comparable or better in effectiveness and significantly more

cost effective than the current VGR groundwater extraction system utilizing GAC

A comparative analvsis of the Alternative Groundwater Remedial Plan to the proposed VGR
groundw ater extraction system follows using the National Contingency Plan (40CFR500) (NCP)
criteria  The IRPB svstem 1s effective 1n degrading TCE 1n the groundwater to below the MCL
of S ppb Natural attenuation of the remnant TCE contaminated groundwater downgradient of
the reactive barrter based on model predictions will be reduced to MCL levels in approximately
ten (10) years The VGR svstem would also be effective in contaming the plume and reducing

TCE concentrations within a fifteen (15) year time frame to MCL levels (ETG 1994)

The NCP criteria have been used as a basis of comparison between the ROD modified remedy

VGR groundwater extraction and the proposed Alternative Remedial Plan using an IRPB and

such a comparison 1s summarized below and in Table 1>

Q Overall Protection of Human Health and the Environment Both systems are protective
of the overall human health and environment since both will reduce the level of TCE
concentration in the Site s groundwater however the VGR being an ex situ system has
the potential for surface spills and exposure to humans The Alternative Groundwater
Remedy being 1n situ poses no such risks

Q Compliance with ARAR s  Both systems are judged to be equivalent as regards
compliance with ARAR s

Q Reduction of Toxicity Mobility or Volume Both systems will remove equivalent
amounts of TCE with the IRPB using an 1n situ treatment compared to an ex situ
treatment for the VGR The VGR system will disrupt and be detrimental to Natural
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Attenuation mechanisms at the Site  The TCE mass removed over a 2 year period by the
ROD Modified Remedy (SVE and VGR) and the Alternative Remedy (consisting of the
current Soil Remedy (SVE) and IRPB) are shown on Figure 51 The VGR and IRPB
essentially extract and degrade respectively similar amounts of TCE and both remedies
(ROD Mod:fied and Alternative) are equivalent for contaminant mass removal except
that the VGR system will reduce the effectiveness of the Natural Attenuation
mechanisms active at the Site

Short Term Effectinenesss Both systems are judged to be limited n the short term the
IRPB being limited to the low groundwater flow rates at the Site and the VGR being
ltmited due to 1ts low imposed gradient and thus groundwater velocity n the
upper/intermediate sands However the low natural groundwater flow rates enable the
IRPB system to be robust in reducing very high concentration of TCE to below the MCL
of 5 ppb

Long Term Effectneness and Permanence The IRPB 1s assessed to be more effective
and more rehiable than an active on going vacuum enhanced pump and treat system
because the VGR system is limited in effectiveness due to its low volume of
contaminated groundwater drawn from the upper/intermediate sands compared to the
total volume of groundwater extracted by the system cluding a significant volume of
clean groundwater from the channel sands The VGR system requires continual
operations and maintenance to ensure the system remains functional

Implementability The IRPB 1s less disruptive and can be constructed quicher and easier
than the VGR system The IRPB svstem with an expected useful life of at least fifteen
(15) years 1s virtually free of continuing operations and maintenance and

Cost Effectneness The IRPB 1s more cost effective than the VGR system 1n present
1998 dollars The costs for the ROD Modified Remedy consisting of SVE and VGR 1s
estimated at $3 SM while the current Soil Remedy and Alternative Groundwater
Remedv (SVE and IRPB) is estimated at $2M for a cost savings of $1 5M see Table 13

GOLDER SIERRA



October 1998 S5 986 108>

60 SOIL REMEDY IMPLEMENTATION AND PROPOSED ALTERNATIVE
GROUNDWATER REMEDY

61 Soil Remedy Implementation

The current soil remedy mvolves utilizing soil vapor extraction m the unsaturated zone in the
TCE Storage Area inside of the Manufacturing Building and 1n the South Culvert Area The
current field sampling program further delineated the soil contamination in the South Culvert
Area as discussed in section 2 2 The soils in the South Culvert Area were found to have TCE
concentrations less than 150 pg/hg with 98% of the soil volume sampled having TCE
concentrations less than 100 pg/hg and 6>% of the soil volume sampled having TCE
concentrations below detection limits The TCE contamination 1n the soils in the South Culvert
Area are below the clean up limit of 750 pg/khg and therefore do not require or warrant actine

remediation bv soil vapor extraction

The soil contamination n the TCE Storage Area and nside of the Manufacturing Building was
determmed by some thirteen (15) borings as shown on Figure 4 and reported earlier
(Woodward Clyde Consultants 1994) The planar area of the estimated extent of the soil
contamination exceeding 750 pg/hg 1s shown on Figure 52 based on the results of these earlier
borings The maximum depth of the soil contamination 1n these areas 1n the till that exceeds the
clean up criterion 1s twenty (20) feet in the TCE Storage Area and thirty (30) feet inside of the
Manufacturing Building based on the highest reading from field GC and laboratory CLP data
reported earlier (Woodward Clyde Consultants 1994) The contaminated soils above the clean
up level are contained 1n the upper till unit designated as tll #3 It 1s proposed in the
implementation of the so1l remedy that these 1dentified areas will undergo active remediation by

so1l vapor extraction to ensure the so1l contamination falls below the clean up limit

The TCE contamination within the upper and intermediate sands are planned to be remediated by
the alternative groundwater remedy a IRPB with the on going Natural Attenuation mechanisms
active at the Site The proposed IRPB 1s downgradient of those source areas 1dentified on
Figure 32 planned for active remediation by SVE The IRPB 1s sufficiently robust in degrading
high concentrations of TCE 1n the groundwater to below MCL The IRPB would degrade any
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contamination that may migrate from these source areas and thus provides a greater degree of

conservatism for the overall remedial system

62 Alternative Groundwater Remedy

The current groundwater remedy 1s Vacuum Groundwater Recovery (VGR) with Granular
Activated Carbon (GAC) for extracted groundwater treatment with treated groundwater disposal
to the POTW The feasibility assessment of an Iron Reactive Permeable Barrier (IRPB) 1s
presented 1n Section 50 of this report with quantification of Natural Attenuation processes
active at the Site discussed in Section 4 0 It was concluded 1n Section 5 7 that the alternative
groundwater remedy of an IRPB with Natural Attenuation was equivalent to or superior than the
current groundwater remedy based on a comparative analysis utihzing the NCP criteria This
alternative groundwater remedy could be implemented and be functional quicker than the current

remedy The alternative remedy has significant cost savings as compared to the current remedy

The alternative groundwater remedy would involve the installation of an IRPB 1n the source
area as 1llustrated in plan on Figures 28 & 32 and in cross section on Figure 29 The IRPB
proposed 1s 240 feet 1n length and extends from a depth of 2> feet down to a total depth of 45
feet The IRPB 1s proposed to be installed bv vertical hydraulic fracturing in the sand units
within the cross sectional area shown The IRPB would have a minimum thickness of 5 inches
and consist of medium to fine zero valent granular iron The IRPB would have an in placed
hydraulic conductivity at least equal to or greater than the Site upper and intermediate sands

Construction quality control and 1n situ monttoring activities would ensure the IRPB 1s installed

as designed

The IRPB 1s capable of degrading the TCE 1n the groundwater from an influent concentration of
7 000 ppb to below MCLs with no detectable daughter products emanating from the IRPB  The
IRPB is considered to have sufficient longevity to ensure the Site groundwater 1s remediated to
MCL levels In order to monitor the performance of the IRPB immediately down gradient
monitoring wells are proposed to be installed and sampled periodically for volatile and inorganic
compounds The IRPB 1s sufficiently robust at this site due to the low groundwater flow
velocities that 1t 1s capable of degrading very high levels of TCE concentration to below the

MCL Groundwater contamination up gradient of the IRPB such as the TCE storage area and

GOLDER SIERRA
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the South Culvert Area will flow into the barrier and be degraded to below the MCL It 1s
recommended that the current Groundwater Remedy be changed from VGR to an IRPB and
Natural Attenuation It 1s recommended that groundwater monitoring wells be installed
immediately downgradient of the IRPB and be sampled and analyzed periodically to ensure the

IRPB 1s functioning as expected

Natural Attenuation was documented as being active at the Site as discussed in Section 4 0 In
fact Natural Attenuation 1s considered to be of such significance at the Site that it has accounted
for appioximately 75% of the reduction to date in groundwater TCE concentrations The
groundwater contamination has been documented from historical and current data to be reducing
over the past ten (10) vears as discussed in Sections 23 and Section 4 0 Numerical model
simulations presented in Section 5 6 4 concluded that the TCE groundwater concentrations 1n
the remnant plume down gradient of the IRPB would be degraded by Natural Attenuation to
MCLs in ten (10) vears Therefore 1t 1s recommended that the current Site s Natural Attenuation
mechanisms be relied upon to remediate the remnant plume down gradient of the IRPB It 1s
recommended that some of the existing groundwater monitoring wells be sampled and analyzed

periodically to verify that such degradation mechanisms continue 1n the future

GOLDER SIERRA
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70 SUMMARY AND CONCLUSIONS

The current field sampling program further delineated the soil contamination in the South
Culvert Area from nine (9) soil borings to depths of 40 feet The soils in the South Culvert Area
were found to have TCE concentrations less than 150 ng/kg with 98% of the soil volume
sampled having TCE concentrations less than 100 ug/kg and 65% of the soil volume sampled
having TCE concentrations below detection limits The TCE contamination 1n the soils in the
South Culvert Area are below the clean up hmit of 750 pg/hg and therefore do not require or

warrant active remediation by soil vapor extraction

The thirty two (32) ewisting monitoring wells were sampled and analyzed for TCE
contamination and five (5) of these wells were further sampled and analyzed for Natural
Attenuation parameters Groundwater samples were also taken at the bottom of eight (8) of the
sotl borings in the South Culvert Area and analyzed for TCE TCE concentrations in the
groundwater were found to be lower 1n most cases by at least 50% than those values reported in
the last sampling round of 1994 Groundwater TCE concentrations are generallyv declining

across the entire site and 1n many wells have experienced significant reduction

An Natural Attenuation evaluation was conducted for the Site using time trend analysis natural
attenuation indicator parameters a scoring system and analytical fate and transport modeling
The generally declining TCE conditions in the aquifer the evaluation of the Natural Attenuation
indicator parameters the presence of a complete degradation series from TCE to ethene indicate
active natural broremediation 1s occurring at the Site  These findings are supported by Site
specific modeling results that indicate that degradation 1s occurring and occurring at rates
consistent with other published field values The evidence supporting that Natural Attenuation 1s

active at the site 1s considered adequate to strong

Based on the results of laboratory tests conducted for the evaluation of IRPBs the review of the
Site subsurface conditions and geochemistry of the groundwater an IRPB installed using
hydrofracturing technology 1s an alternative remedial system for the 1n situ passive treatment of
the TCE contamination 1n the saturated zone at the Site The proposed IRPB would have an

average thickness of three inches be 20 feet high by 240 feet long and be located immediately
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downgradient of MW 3A and thus act as a source control barrier The IRPB would reduce TCE
concentration levels and other VOCs encountered in the Site groundwater to less than MCL
levels The IRPB 1s sufficiently robust at the Site to reduce TCE concentrations to MCL levels
from near saturation levels The 1 D fate and transport modeling for the Stte indicates that
concentration levels of TCE in the remnant portion of the plume downgradient from the IRPB
will be reduced to less than 5 ppb (MCL level) by Natural Attenuation in approximately 10

years

The NCP criteria have been used as a basis of comparison between the ROD modified remedy
VGR groundwater extraction and the proposed Alternative Groundwater Remedy utilizing an
Iron Permeable Reactive Barrier for source control in the saturated zone and natural degradation
for the remnant TCE plume downgradient of this reactive barrier The proposed Iron Reactive
Permeable Barrier alternative remedial system compares more favorable than the VGR

groundwater extraction remedy based on effectiveness implementability and cost

The conclusions from this field work and feasibility assessment are as follow

U the South Culvert Area soils are below the contamination level of 750 pg/hg and
therefore do not require or warrant active remediation by sotl vapor extraction

groundw ater concentrations of TCE are generally declining across the entire site
there 1s adequate to strong evidence that natural attenuation 1s occurring at the Site

an IRPB can be constructed at the Site by the vertical hydraulic fracturing technology

O 0 0O O

the IRPB will degrade all of the VOCs of concern to below MCLs and 1s considered to
have sufficient longevity for the Site groundwater to be remediated to below MCLs

Q the remnant plume down gradient of the IRPB will be degraded by Natural Attenuation
mechanisms to below MCLs 1n approximately ten (10) years and

Q) the alternative groundwater remedy of an IRPB and Natural Attenuation was determined
to be equivalent or superior to the current groundwater remedy utilizing the NCP criteria
The alternative groundwater remedy was determined to be superior to the current remedy
in respect to effectiveness implementability and cost

GOLDER SIERRA
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The recommendations from this work are as follow

O to implement the soi1l remedy using so1l vapor extraction in the areas of the TCE Storage
Area and inside of the Manufacturing Building of the upper till #5 unit down to depths of
20 and 30 feet respectively

O to eliminate the South Culvert Area for active remediation and

Q to modify the groundwater remedy to construct an IRPB Barrier and to rely on Natural
Attenuation at the Site to achieve remediation levels in the remnant down gradient
plume
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Table 1

Summary of May 1998 Sampling Field Parameters and TCE and Historic TCE and Dissolved Iron Data
McGraw Edison Site
Centerville lowa

Temperature Redox Specific Dissolved 1994 TCE 1998 TCE
Well ID () pH (mV) Conductance Oxygen (Hg/L) (ugiL)
(mohm/cm) {(mg/L)

MW 1 128 6 98 70 0621 nd
MW 2 11 701 151 0473 370 000 1100 000
MW 3 16 4 743 59 0 007 26 2 nd
MW 3A 152 753 80 01 14 000 6400 7000dup
MW 4 122 721 32 0 587 07 nd
MW 5 14 8 8 88 62 0295 62 2 nd
MW 6 127 7 46 94 055 4 5 92
MW 7 149 685 82 0 321 nd 31 1dup
MW 7A 14 4 6 84 14 0 889 9 2
MW 8 172 8 26 95 0024 29 1
MW B8A 127 814 1 0781 240 7
MW 9
MW 19WT 119 6 34 114 1904 77 70
MW 20WT 13 7 46 49 0647 20
MW 21 138 712 53 0 007 16 nd
MW 22WT 132 72 67 0787 22 nd
MW 23WT 155 765 98 0753 22 nd nd
ALLEN WELL 120 51
WT 11 19 7 37 22 0 555 2 nd
WT 12 148 714 35 0 Q04 42 nd
WT 13 134 946 12 173 04 nd
WT 14 128 763 42 0684 05 08
WT 16 136 914 68 034 nd
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Table 1

Summary of May 1998 Sampling Field Parameters and TCE and Historic TCE and Dissolved Iron Data
McGraw Edison Site
Centerville lowa

Temperature Redox Specific Dissolved 1994 TCE 1998 TCE
Well ID (C) pH (mV) Conductance Oxygen (ug/L) (g/L)
{mohm/cm) {mg/L)

WT 18
EW 1 138 788 94 0242 14 12dup
BD 11 125 742 107 0915 nd
BD 12 146 734 13 0018 12 nd
BD 13 156 967 16 026 nd
BD 14 133 742 30 1874 09 nd nd
BD 16 14 4 918 148 001 nd
BD 18 14 7 01 2 0212 8 4
BR 10 144 7 02 82 237 nd
NOTES

* Grab Sample
dup Duplicate Sample
nd Constituent not detected during analysis of sample
Not Obtained
Monitoring well MW 9 was not sampled during the May 1998 soil and groundwater sampling program due to a dead animal in the
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Table 2

986 1083

Natural Attenuation Bioparameters and TCE Daughter Products Detected

McGraw Edison Site
Centervilie lowa

Well ID
Indicator Parameter MW 2 MW 3A | MW BA MW 38 | MW 23WT
Chlornide (mg/L) 170 2 380 46 73
Nitrate (mg/L as N) nd 09 nd 13 nd
Nitrite (mg/L as N) nd nd nd nd nd
Phosphate (mg/L as P) nd nd nd nd nd
Sulfate as (mg/L as SO4) 160 15 160 39 120
Alkalimity (mg/L) 230 350 560 1400 410
Hardness (mg/L as CaCO3) 340 340 1100 1200 430
Carbon Dioxide (mg/L) 230 17 4 nd 51
BOD (mg/L) 160 5 6 nd 6
COD (mg/L) 660 42 37 30 nd
Sulfide (mg/L) 002 nd nd nd 002
Methane (ng/L) 217238 378 283 137 166
Ethene (ng/L) 49021 68 13 55 25
Ethane (ng/L) 14239 54 21 <5 <5
1 2 DCE (total) (ug/L) (1994) 19 000 6 08 nd
12 DCE (total) (ug/L) (1998) | 130 000 47 nd nd nd
NOTES
nd Constituent not detected during analysis of sample
Not obtamned
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Table 3
Other VOC Detected in Wells Sampled for Natural Attenuation
McGraw Edison Site
Centerville lowa
Well ID
Indicator Parameter Year NW 2 MW 3A MW 8A MWS8 MW 23WT
Benzene (ug/L) 1994 nd nd 06 03
1998 nd nd nd nd nd
Toluene (ug/L) 1994 nd 03
1998 nd nd nd 2 nd
Xylene (total) (ug/L) 1994 nd nd
1998 nd nd nd 06 nd
Ethylbenzene (ug/L) 1994 nd nd
1998 nd nd nd nd nd
Acetone (ug/L) 1994 nd nd nd 100
1998 nd nd nd 44 nd
Carbon Tetrachlonde (ug/L) 1994 nd 09 nd nd
1998 nd nd nd nd nd
Chloroform (ug/L) 1994 nd 2 3 03
1998 nd 05 nd nd nd
NOTES
Sample contaminated in field or in lab
nd Constituent not detected during analysis of sample
Not Obtained
GOLDER SIERRA o 1 Tan 3
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Table 4

Golder Fracturing Fluid lron/Gel Design
McGraw Edison Site
Centerville lowa

Product per

Product per

Product Name 1000 gallons iter

of water of water
Hydroxypropyl Guar Golder B1 48 Ib 58¢g
Enzyme Breaker Golder BE1 11b 012g
Borate Cross Linker Golder BC1 5 gal 5ml

100 % m f Master
Granular lron Builders Iron 16 000 Ib 1900g
GOLDER SIERRA tob
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Table 5
Summary of Leak Off Test Results
McGraw Edison Site
Centerville lowa
Grain Size Sample Leak Off Test
Initial Test Fluid Lost
D D D Cw Spurt
Sample ID uscs Soil Description 1 * *® | Conditions |Pressure P @ 10 min
Yd
(mm n (pst cm/min’ cm mi
) (pch psty | ( )| (cm) (ml)
GB 1/15 Sp s |VMEDIUM TO FIE SAND ltlesit) 011 | 029 | 056 | 1105 | 034 25 002 009 133
race fine gravel
GB 1/15 SP SM MED'UMIO FINE SAND e silt | 5 44 | 029 | 056 | 1122 033 50 003 008 131
race fine gravel
GB 1/15 SP SM MED'UMJO FINE SAND littlesilt | 44 | 029 | 056 | 1141 | 034 100 0 04 016 235
race fine gravel
NOTES
y¢ Dry Unit Weight
n Porosity
GOLDER SIERRA
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Table 6

Summary of Soll Resistivity Test Results
McGraw Edison Site
Centerville lowa

Sample ID Sample Depth Moisture Condition Resistivity
(feet) 1) @ 155 C ohms cm
GB 1/9 41 432 saturated 7 600
GB 1710 45 48 saturated 7 600
GB 1/15 70 725 saturated 6 600

NOTES

(1) Samples were saturated with groundwater obtained form monitoring well MW 3A
with a specific conductance of 100 umohm/cm (conductivity measurement by MWR personnel)
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Table 7
Summary of Iron Column Test Half Lives

McGraw Edison Site
Centerville lowa

986 1083

M F Master Builders Iron
Compound Laboratory Haif Life Laboratory Half Life AnttcnpatLe’;(I;Ield Half
tos (hr) Correlation Coefficient r? tos (1)
TCE 040 0995 1
cis 12 DCE 140 0990 3
vC nd nd 4"

NOTES

1
2

(1) Determined from a peak concentration of 62 ppb at sampling port at 0 08ft
(2) Half lives determined from test data collected at stable conditions after 46 pore volumes
(3) Not determined in the laboratory
(4)

4) The tests were conducted using site groundwater from wells MW 3A with the
medium to fine Master Builders iron

7

(5) Tests conducted by EnviroMetal Technologies Inc (ETI)

(6) The field half Iife values are the laboratory half life values adjusted for field conditions (temperature)
(7) VC half life obtained from ET! database

(

8) nd Compound not detected In the column influent or effluent groundwater
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Natural Attenuation Screening Scoring System

Table 8

McGraw Edison Site
Centerville lowa

986 1083

Analyte Criterion & Score Site Allocated
Score
Dissolved Oxygen <05 mg/L 3 1
> 1 mg/L 3
Nitrate <1 mg/L 2 2
fron (11) > 1 mg/L 3 0
Sulfate <20 mg/t 2 2
Sulfide > 1 mg/L 3 0
Methane >01mg/L 2 2
> 1 mg/L 3
Redox Potential <50 mv 1 15
< 100 mV 2
pH 5<pH<9 0
DOC > 20 mg/L 2
Temperature >20°C 1
Carbon Dioxide > 2x background 1 05
Alkalinity > 2x background 1 05
Chloride > 2x background 2 15
Hydrogen >1nM 3 0
Volatile Fatty Acids >01mg/L 2 0
BTEX >01mg/L 2 0
cist 2 DCE Presence If daughter product 2 2
Ethene/ethane > 10 ug/L 2 3
> 100 ug/L 3
TOTAL 16
Score Interpretations
Otob Inadequate evidence for biodegradation of chlerinated organics
6to 14 Limited evidence for blodeglradatlon of chlorinated organics
1510 20 Adequate evidence for biodegradation of chlorinated organics
>20 Strong evidence for biodegradation of chlorinated organics
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Table 9
SENSITIVITY ANALYSIS FOR BACK CALCULATED MODELING PARAMETERS

McGraw Edison Site
Centerville lowa

Degradation

Dispersion Half Life for |Computed Groundwater TCE Concentration (ppb)
Retardation Factor | Coefficient (D) TCE (ts0) at 30 Yrs Along Plume Major Flow Axis
for TCE (Ry) (ft*/day) (days)
200 ft | 400 ft 600 ft
16 > 22 500 na na na
14 214 500 1292 249 48
12 173 500 1293 249 48
16 20 600 1291 249 48
14 16 6 600 1291 249 48
12 132 600 1294 250 48
16 161 700 1291 249 48
14 132 700 1292 249 48
12 10 2 700 1290 249 43

NOTES

(1) Parameters R; D and ts, were computed to fit current site TCE groundwater concentrations and be
within the acceptable parameter range

na Not applicable

GOLDER SIERRA
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COMPARISON OF 1D AND 2D FATE AND TRANSPORT
TRANSIENT MODELS
McGraw Edison Site
Centerville lowa

Computed Groundwater TCE Concentration (ppb) at 30 Yrs along Plume Major Flow Axis (ft)
del
Mode Transverse 0 100 200 300 400 500 600
Distance (ft)

1D 0 6700 2944 1294 569 250 110 48

2D 0 6700 3067 1373 602 263 114 48

2D 50 0 1111 565 270 127 59 26

2D 100 0 0 4 8 8 6 3

NOTES

(1) Parameters R; D and ts,were 14 16 6 ft2/day and 600 days respectively for both models
Source concentration 6700 ppb and groundwater flow velocity of 0 06 ft/day for both models
Source width for 2D model was 90

(2) Transverse dispersivity for 2D model was set to 1 ft to match transverse spreading of Site plume
as observed on TCE concentration contours Figure 7
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Table 11

Summary of Hydraulic Conductivity Estimates
McGraw Edison Site
Centerville lowa

Sample Sample Depth (ft) D4o (mm) Hydraullc(:n:;:::)ctwny (2)

M F Master Builders Iron (iron column test) NA 016 2 6E 02

M F Master Builders Iron (typical range) (1) NA 01 024 10E 02 to 5 8E 02

M F Master Builders Iron (mean) (1) NA 016 2 6E 02

GB 1 (desorption test sample) 303t0313 007 4 9E 03

GB 1/9 41t0432 012 14E 02

GB 1/10 45 to 48 0085 7 2E 03

GB 1/15 (leak-off test sample) 70t0 725 0089 7 9E 03
Geometric Mean (GB 1) 8 OE 03

MW 14WT & MW 18WT Pump Test (3) Intermediate Sand NA 27E 03

NOTES

(1) Values based on Golder s data base
(2) The hydraulic conductivity values are calculated using the Hazen method based on D

(3) Aquifer pump tests conducted by Woodward Clyde Consultants Supplemental RI/FS Investigation April 1994
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Table 12
Compound Concentration Reduction Deterministic Analysis
McGraw Edison Site
Centerville lowa
DESIGN CASE | One Wall (3 thick) Formation K,. =5x10°cm/sec
Formatio F t Wall Effective Walli
Wall Influent Wall r n ormation | groundwater a Design Wall Effluent
Flow Hydraulic Wall Residence
Compound | Concentration | Porosity Flow Half Life | Concentration
Co (ppb) n Gradient | Conductivity Velocity Thickness Time to, (hr) C (ppb)
50
[ k (cm/sec) v, (ftiday) W,, (in) t (hr)
TCE 7000 045 0 0015 0 005 005 3 127 1 nd
cDCE 50 045 0 0015 0005 005 127 nd
vC nd 045 0 0015 0 005 005 3 127 4 nd

NOTES

(1) Half Lives based on laboratory test results from column test performed by ETI using site groundwater from MW 3A and

medium to fine Master Builders lron/Gel The laboratory half life values have been adjusted for field conditions (temperature)
(2) nd Compound not detected in the wall influent and wall effluent groundwater
GOLDER SIERRA Mtble |1 tl 1
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Table 13

986 1083

NCP Cnteria Comparison of Alternative Groundwater Remedy
McGraw Edison Site

Centerville lowa

NCP Criteria

ROD Modified Remedy

Alternative
Remed:al Pian

Vacuum Groundwater

Iron Reactive Permeable

Recovery (VGR) Barrier (IRPB)
Overall Protection of Human Health and the
Protective Protective
Environment
Compliance with ARAR s Equivalent Equivalent

Reduction of Toxicity Mobilty or Volume

Provides Mass Removal and
uses Ex Situ Treatment

Provides Equal Mass Removal
and uses In Situ Treatment

Short Term Effectiveness

Limited

Limited

Long Term Effectiveness
and Permanence

Limited

Better Effectiveness
More Reliable

implementability

Access Disruption with
Continual Operations and
Maintenance (O&M)

Better Less Disruption
Minimal O&M

Cost Effectiveness

Not Cost Effective
SVE and VGR (33 5 Million)

Much More Cost Effective
SVE and IRPB ($2 Million)

NOTES
SVE Soil Vapor Extraction

Cost includes Capital Costs Operations & Maintenance and Compliance Monitoring and Reporting

GOLDER SIERRA
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PROJECT NUMBER 44061

LOGGED BY

C ELVRUM

DRILLING CO ERM

DATE DRILLED

4-27-98

BORING METHOD GEOPROBE

FIELD SCREENING EQUIP PID

SAMPLING METHOD LASKEY SAMPLER

ANALYTICAL METHOD TCE

NOTES MISSED INTERVAL AT 37 -39

DWG NAME borings logs

HEAD
i R DESCRIPTION AND COMMENTS SAMPLES| SPACE |RECOVERY
(ppm)
0
-%&%&— Fll brown sit b ck fagme ts og nc mate & m ¢t 41 SS 0 13/2
NN = -
. / / ™ Block, sty cloy soft medum plastety 1 SS 0 2/2
= /C//_ G oy—black, sty cloy soft medum plostcty wth b ck f ogme ts = SS 0 1 8/2
- 4
Dork groy sity cl very soft wet medum plostc
v CHQ— G oynsgl-b ow?sltayy cio;ystff hghly plastc wet vnttyh cots. 1 SS 0 15/2
10 _747_ rD:or:;g ay slty cloy stff hghly plostc most wth yellow—brown mottles _- ss 0 2/2
l/7/CH/ /] Ocrk goy sity clay very soft wet medum plastcty wth roots T
V6l /I Yetow-b own siity cloy stff hghly plastc most wth gray mottles 1 Ss 0 17/2
“ Dark gray sity cloy very soft wet medum plostcty wth roots N
1/ 6L/ /4 Yellow—b own sty cloy very stff most wth g avel 41 SS 0 175/2
- ? - - o
_ “]Ll | Bro:n sh—yellow sity cloy hord medum plastcty most wth t oce medum : sS 0 2 /2
11 san ]
] | . Yelow—b ow gity cloy hord med m plostcty most wth t ce med m ]
20 —/C//— so d o d grovel wth some gay mottli g B Ss 0 1 8/2
. % /A_ Lght olve—brown slity cloy soft medum plostcty wet Hod ot bottom 7 - SS 0 17/2
v/ /cn/, Oive-brown sity cioy very soft ery wet B
7 //// 'ty cioy 4 ss 0 16/2
—/CL — Yellow-brown sty cloy frm moist med m plastcty wth troce of sand -
_/ /_ ond g avel - SS 0 1 3/2
I Lght olive—brown sity cloy soft low plostcly ncreasing sit wth trace of |
N T‘h [~ sond ond g ovel wth nc eusng depth most 1 SS o 13/2
| Lgnt olve—brown sity cloy wth trace of sand and gravel medum plastct i
30_%/ f'gm Iceosngscnd‘ynd g ovel wth depth m 9 M S o 13/2
___ | Lght oive-b own cloy wth sit hod low plastcty mowst wth 1/4 sond :
/CL/ ond gravel seen at 315 Ss 0 1 8/ 2
7] |~ Light olve—brown cloy wih slt, low plastic most wth troce of sond and |
-/ - o Tt Y v 4 ss o | 1572
1 [ Yellowsh—b ow cloy wth sit wth toce so ¢ c d g ovel hord low —
YV k vesicy 4 ss 0 0
4 °» t -4 ss 0 1/2
40 — M | — Yellowsh~brown fne sond moist wth troce of sit — WS 0 0
. -
S0

ENVIROGEN | McGRAW-—EDISON

BORING NUMBER P-01




CALE,
PROJECT NUMBER 44061 LOGGED BY C ELVRUM
DRILLING CO  ERM/AQUADRILL DATE ORILLED 4-29-98
BORING METHOD GEOPROBE/DRILLING RIG FIELO SCREENING EQUIP PID
SAMPLING METHOD  LASKEY SAMPLER ANALYTICAL METHOD TCE
NOTES OWG NAME borngs logs
HEAD
DEPTH | BORING DESCRIPTION AND COMMENTS SAMPLES| SPACE |RECOVERY
(FT) | LOG {ppm)
0
]h]A” - Redd sh—-brow top sol cloy wth ed b ck fragme {s moist soft med m —
i IHLl | plostety 4 SS ] 15/2
W Redd sh—brown fil wth red brck fragments ot top most soft medum ]
N \/§' plost c ty 4 ss 0 1 5/2
1 FlLLé_— Block cloy fll most soft med m plostcty __
REILLXS ss 0 2/2
PR I
_%\/\ |- Block cloy fil more gray ot bottom med m plostcty 4 ss 0 2 /2
10 — | _ Dork yellowsh—brow sity cloy most frm med m plostcty _._ SS 0 1 5/2
- : Block sity cloy soft medum plostcty 4 SS 0 15/2
4 CL - .
N - Black sty cloy soft medum plastcty wet yellowsh~brown sity clay wth 1 SS 0 1/ 2
= |— g ay mottles soft highly plastc most —
. B 1 SS 0 1/2
2 Block sity cl ft wet T
_/////L. ack s ity cloy very soft we 1 ss 3 2/2
Y eH 0 - -
20 _W_ Yellow sh—brow clay with grey mottles soft hghly plastc most - ss 2 2/2
T A i
"/////' Dork groy sity clay wet wth some fne sond -1 SS 0 2/2
T CL/_ Yellowsh—brow slty cloy f m, most wth groy motties [ e yeliowsh—b ow |
'// 7/i sand at bottom 2 1 SS 0 2/2
3 lMl-]I ~  Yellowish—brown fne med m sond wet 1 SS o 2/ 2
(HEEEI 7
"//CL /- %.3:( :elawre-bgrt?:nm sty cloy wth trace of sond and g ovel soft near top : SS (o] 2/2
30— SW |- tght olve~bown fne to med m s d wih toce of grovel ond cloy wet — SS 0 2/2
Yellow sh—brow sity cloy wth groy st eoks o d t ace of fne d wth 7
— ncreas ng depth - o] 2/2
41 SW [ Yellomsh-brow fne to medum sond wet wih 2 yellow—brown sty cloy 7
- - ot top - 0 1/2
— | Y llowsh—brow f to med m sond wet —
n // 77 %_ OY:I‘I’o;:rsar:;lbr::: gs;;y ;‘::y“shc d med m plastcly most wth troce of sond : wS 0 1 /2
4 SW | Dork, yellowrssh~b own medum to coorse go ed sand mast - 0 2 / 2
40 — ISIMI |— Lght olve—brown sl!ty sond moist __, 0 2/2
111 -
50

McGRAW—EDISON
ENVIROGEN | CERTERVILLE, 1A

BORING NUMBER P-02




CALE.
PROJECT NUMBER 44061 LOGGED BY C ELVRUM
DRILLING CO ERM/AQUADRILL DATE DRILLED 5-3-98

BORING METHOD GEQPROBE/DRILL RIG

FIELD SCREENING EQUIP PID

SAMPLING METHOD LASKEY SAMPLER ANALYTICAL METHOD TCE
NOTES DWG NAME borings logs
DEPTH | BORING HEAD
DESCRIPTION AND COMMENTS SAMPLES| SPACE {RECOVERY
(F) | Lo (ppm)
0 ock cloyey top sol wth ock soft moist
7 |- Dark yellowsh—bow sity loy most soft medum plastcty N
j/CL : Dork groyish—b own sity cloy soft most med m plostcty : Ss 0 2 5/2 S
‘%/ - Olve—brow slty cioy frm most hgh plostcty 4 SS 0 25/25
- CH// - d ss 0 |2s/25
:///: Lght oive—brown sity cloy frm most hghly plastc wth groy st eaks : sSS o 2 5/2 5
v .
10 _% | Lght gay sity cloy wth olwve-bow mottl g mast frm med m plostety SS 0 2 5/ 25
wth t'ace so d o d g avel T
i %- 4 ss 0 |25/25
n /CL/ - 1 SS 0 25/25
_‘7;— S‘l’: lgs bown sity cloy most med m plostcty wth t oce gavel o d g ay —_ sSS o 2 5/2 5
. A- 4 ss 0 25/25
J{1IML]1]i_ S'ty sondy cloy yellowsh—b own low plosicty most soft _—
20 Lt "Sw 1 Yeliowsh—=brown sity fne sa d wet B SS 0 2 5/2 S
_Z/S:H /3 |- Light olive—brown sity cloy soft wet hgh plostcty wth groy motties 4 SS 0 2 /2 5
47 - -
Lght olve-b Ity el ft t ed fost th d
-// B stgong ob"r,:wn 'mtu; &tha{rcz gr:xnvglscn:' ro:l:n ffogrsnecnz vhee e 1 Ss 0 2/25
— — —]
. /~ 4 ss 0 |25/25
- /CL/ - 4 ss 0 |25/25
30 _-///'_ gYegg;sh—brow sty cloy crumbly most wth g oy mottles ond t cce _j ss 0 25/25
. / - 4 ss o (25/25
N ™ Dork grayish—brown sity cloy with trace gravel f'rm medum piostety ]
7] ////' Lght ofive~b ow sity cloy most frm medum plostcty 1 SS 0 25/25
72— Lght olve—brown sity cloy wet ' m med m plastcty -
- | Yellow sh—brown coarse sond ond grovel wet. 4 SS 6 25 /2 5
. sﬁ - Yellowsh—brow sty f e sond wet 4 SS Q 2/25
40 — SS o 2/25
- - 1 WS
50

ENVIROGEN McGRAW—EDISON BORING NUMBER P-03

NEW SOLUTIONS TO HAZARDOUS WASTE PROBLENS CENTERVH_LE, lA




PLOT SCALE.

PROJECT NUMBER 44061

LOGGED BY

c

ELVRUM

DRILLING CO ERM/AQUADRILL

DATE ORILLED

4-30-98

BORING METHOD GEOPROBE/DRILL RIG

FIELD SCREENING EQUIP PID

SAMPLING METHOD ASKEY SAMPLER

ANALYTICAL METHOD TCE

NOTES INTERVALS BETWEEN 21 -30 WERE

DWG NAME borings logs

NOT RECOVERED (SEE P4 (2))

HEAD
D(E;TT)H BC‘)-SI(;JG DESCRIPTION AND COMMENTS SAMPLES ?F‘Acg RECOVERY
ppm
Redd sh—brow sity cloyey fil with red b ck f agme ts ULght—groy ock n
f ogme ts wth oots ot bottom 4 SS 0 2/2
Lght—groy ock frogments ot top redd sh—brown sity ! Fil wth bnck |
f ggmgn:sy mo st i 1 SS 0 2/2
Redd sh-bow sity cloy fI! wth b ck f ogments most ~ SS§ 0 1 3/2
] Dork—gray silty cl soft med’ m plostcty harder ot bottom mo e marst ]
Y. some go:gu cyma?eyrcl d 1 SS 0 13/2
// Do k—groy slity cloy soft highly plostc some orgo ¢ mote al wet _J SS 0 2/2
b
_y/CL/ Brown sity cloy frm hghly plostc most 4 SsS 0 2/2
i =
i CHZ— Gray cloy hard very plastc more yellow sh—~brown at bottom mast J SS 0 2/2
7 //_ Yellow sh—b own sity cl frm med m plastct, th trace med sond —_
T%(/:L meo s:  cloy i i Ss 0 2/2
# =
—/ éﬁ//— Oive—brown sity clay hard very plostc wth troce med m sand 4 sS 0 1/2
////7// i
Brow sh—yeliowssh, sity cloy wth toce so d 0 d govel frm med m
20 4//CL 7 o e 21y <oy g - ss 0 1/2
— P l— —]
30 V Olwe-yeillow sity loy frm med m plat ty wth t so d a d g ovel ]
-% - wet rock frogme ts ot t p 1 ss 0 1/2
~4 - Olve-yellow sity clay frm wth gray mottles, med'um plastcty wth troce 1
i /L sond ond grovel wet rock frogments ot top .
WA /» 1 ss 0 25/25
‘-% - Olve—yellowsh sity cloy soft medum ploestc wet with B fne sit sond —
. . seen ot 36 clay 4 ss 0 25 /2 5
-] — Olive—~yellowsh slty cloy wet soft medum plastcty fne sond wth some e
40 % sit ot bottom 1 - ss 0 |25/25
. - 4 ws
— — -
50

McGRAW—-EDISON
ENVIROGEN | CexterviLLE,

BORING NUMBER P-04




PROJECT NUMBER 44061

LOGGED BY

C ELVRUM

DRILLING CO ERM/AQUADRILL

DATE DRILLED

5-3-98

BORING METHOD GEOPROBE/DRILL RIG

FIELD SCREENING EQUIP PID

SAMPLING METHOD LASKEY SAMPLER

ANALYTICAL METHOD TCE

NOTES DWG NAME borings logs
DEPTH | BORING HEAD
DESCRIPTION AND COMMENTS SAMPLES| SPACE |[RECOVERY
(F1) | Loc {ppm)
0]
10 — — ]
20 Yellow sh—b. 1 ] ft wet | w plost —
DTCHTL Yelow shobrown 3ty ciayey fom wet o Postey ] SS 0 |25/25
-y R -
i i 1 ss o |25/25
- R -
— CL//— Lght olve—brown sity clay soft med m plastcty with groy mottles —
:%/ : ] ss o |2s/25
30 % - ss 0 25/25
40 — — —
S0

ENVIROGEN | McGRAW=EDISON

o soumoes o o wer rosms || CCNTERVILLE, 1A

BORING NUMBER P—04(2)




Lot

PROJECT NUMBER 44061

LOGGED BY

C ELVRUM

DRILLING CO ERM/AQUADRILL

DATE DRILLED

4-30-98

BORING METHOD GEOPROBE/DRILL RIG

FIELD SCREENING EQUIP PID

SAMPLING METHOD LASKEY SAMPLER

ANALYTICAL METHOD TCE

NOTES STOPPED AT 21 DUE TO CAVING OF HOLE

DWG NAME borings iogs

HEAD
i DESCRIPTION AND COMMENTS SAMPLES| SPACE | RECOVERY
ppm
0 %%55/\{ B
,y)l)Lyﬁy Red cloyey fll wth sond ond grovel i SS 0 2/2
: SwW [ Block med m sond and grovel most ]
(o3 Block, silty cloy soft medum plostcty most j ss 0 2/2
-4 SW |- Block fne to med m sand most 4 SS 0 2/2
—V//C//E/ |- Dark gray sity cloy soft medum plastcty E SS [¢] 2/2
10— SW | _Block f e to medum sc d wet _- SS 0 2/2
PN Block sity cloy soft med m plostcty .
4 /CH/- Yellow sh—brown sity cloy frm most wth groy motties hgh plastcty - SS 0 2/2
LL -
- SW [ Block, ' e to medum so d wet wth grovel 4 SS 0 17/2
- —]
‘4/9%" Groy cloy had very plast most yellowsh~b own ot bottom 3 1 SS 0 2/2
-4 SW |- Biock, ' e to medum wet wmth t ace of g ovel B SS 0 1/2
7 G f lost rst i
20 7CHA ray cloy frm very plostc mo ] sS 0 1/2
-/CL?— Yellow sh—~brow silty cloy frm medum plastcty b
- }. -
- - .
30— — —
40— — -
50

ENVIROGEN | McGRAW—EDISON

s soms o mamos wer s | CENTERVILLE, 1A

BORING NUMBER

P-05




CALE,
PROJECT NUMBER 44061 LOGGED BY C ELVRUM
DRILLING CO ERM/AQUADRILL DATE DRILLED 5-1-98
BORING METHOD GEOPROBE/DRILL RIG FIELD SCREENING EQUIP PID
SAMPLING METHOD LASKEY SAMPLER ANALYTICAL METHOD TCE
NOTES OWG NAME borings logs
HEAD
D(EF%H B?_(R)':G DESCRIPTION AND COMMENTS SAMPLES ?PAC% RECOVERY
ppm
0
W/\A
FILL Red loyey fll wth so d c d g avel _
y)s/'y{ i i 0 2/2
SW Block, medum sand ond gravel morst 0 2 /2
7 .
“‘// //"' Black, silty cloy soft medum plostcty most ]
-/CL - G oyish—brown sty cloy soft wet medum plosticty some ogo ¢ mote of - sS 0 2 5/2 5
~ %_ wth toce so d B
jM: Yellow sh—brown sity cloy frm hgh plostcty morst wth groy st eoks : SS 0 25/25
10 — %CH — ]
: /: ;::;'nse::bb:;or: Ity clay frm hgh plostcty most wth g oy streoks mo : SS 0 2 5/2 5
-// - -
Lght ity ci th yell h—b tti ! 1 ! h— ed
// L0 ALY Sl ey et o ton 1 etorsn-et 15 |0 |25/25
Brown sh—yeliow s it ttles wth ]
: : gr::; Iowyepfo:t cstyy :l:?n;y‘h gray motties wth trace med m sond ond : ss 0 2/2 5
i //: 1 ss 0 2/25
_ /_ Brown sh—yellow sity cloy wth groy streoks wth tace med m so d o d
20 /CL grovel most low plastcty crumbly ] ss 0 2/2 5
:/ : Brown sh—yellow silty cloy wth gray st ecks with trace med m so d o d :
_/_ gravel most low plostcty crumbly mo e grovel nd ock f gments tow d B SS 0 2 5/2 5
] | bottom 8 yellow sh—brown hord med um plost ity
. . Yellowsh—brown sity cloy frm medum plestcty most with some 1 .
B / | ond grey motties Th (~8") grovel layers ot 26 wet " 9 ave i Ss Y 2 5/ 25
:/: :‘eeudo:;h;;m‘ys:tzmclxhw;t;cysogreec%;ml and rock f ogme ts most : sS 0 2 5/2 5
30 —_/:— :e‘[:'Q"g :y_t;tm:cksg“y toy wth som grovel m t med mplot ty Fm __ ss 10 25/25
. [~ Yell h=b | th | t | ost f th ]
_/— geo;,ws-.;x“ksmn sty cloy with some grovel most low plosticty frm w 1 ss 8 2 5/2 5
—_‘ -__ Yellow sh—brown sl (| th e grovel t | sticty f th t
_ /%_ qroy s:reoks ;ore‘ZItcyo{o:urdss%:ltorgn el most low plostcty frm w i SS 35 2 5/ 25
i |kldll-'l t Yelowsh—brow sty fn s d wet 1 ss 35 |25/25
a0 LI ]
i . 1 ws
50

McGRAW—-EDISON
ENVIROGEN | MEGRAW-EDISON looaye s o-os(z




PLOT

PROJECT NUMBER 44061

LOGGED BY C ELVRUM

DRILLING CO ERM/AQUADRILL

DATE DRILLED 5-2-98

BORING METHOD GEOPROBE/DRILL RIG

FIELD SCREENING EQUIP PID

SAMPLING METHOD LASKEY SAMPLER

ANALYTICAL METHOD TCE

NOTES DWG NAME borings logs
HEAD
DEPTH | BORING DESCRIPTION AND COMMENTS SAMPLES| SPACE |RECOVERY
(F) | oG {(ppm)
0 4
Yoo ]
_/(y_ Dork brow sity cloy med m plostcty s ft most wth tr ce sc d gravel | SS o] 25/25
_/ //_ ond oots wth ed brck f ogme ts _
__// —_ Black silty cloy frm hghly ploste wth o ga mot | dtroce f e _- S5 0 2 5/2 5
sond
T ™ 71 SS 0] 25/25
- /— Do k goy soft sity clay wth 0 goa c mote ol most very plastc -1
‘/CH/— L ght olve~brown sity clay hord ery plostc most with g oy st eoks. 4 SS 0 2 5/2 5
10 — — 7
_//— Light olve—b own sity cloy f m wvery plostc most wth g oy mottles 1 ss 0 2 5/2 5
://: g:::elslty clay wth olve—b own st oks had ery plastc moist wth : ss 0 25/25
4 _
-// i 1 ss 0 2/25
: /: Yellomsh— ed silty cloy crumbly med m plostcty most :
. L. -4 SS 0 2/25
20— /CL/'— T
:///: Brow sh-yellow slty clay med m plastcty most wth gray motties frm : SS 0 2/25
: /: Lght olve—brown sity cloy frm med m plostcty most wth groy motties : SS 0 2/2 5
-4 SW |- Medum coorse sond ond gravel yellow sh—brown wet 4 SS 0 25 /2 5
_y/ = ~
: / [ 1 ss 0 |25/25
30— /'— L —
n | ght Ive—brown sity cloy wth t ¢ ov | t hgh plost ty f with |
_/c.%_ 5% streoks minteegovimest han P S I o |25/25
:// B ] ss 0 |25/25
‘/"‘ Lght olve—brown sity cloy wth t oce grovel most hgh plastcty frm wth ] SS 0 2/2 )
— /— gray streoks more sity ot bottom -1
. 'SIM - Lght olve—brown sity fne so d wet ] ss 0 2/25
40 - -
: : 1 ws
50
ENVIROGEN cG EDISON  lgoring numMBER P06

o sumes o womos wer moes | CENTERVILLE, 1A




PLOT SCALE. §
PROJECT NUMBER 44061 LOGGED BY C ELVRUM
DRILLING CO ERM/AQUADRILL DATE DRILLED 5-2-98
BORING METHOD GEOPROBE/DRILL RIG FIELD SCREENING EQUIP PID
SAMPLING METHOD LASKEY SAMPLER ANALYTICAL METHOD TCE
NOTES BETWEEN 35 -40 LASKET TUBE WAS DWG NAME borings logs
DEFORMED BY SAMPLER
DEPTH | BORING SAVPLES| SPACE |RECOVERY
(FT) LOG DESCRIPTION AND COMMENTS (oprm)
0] 7
>F|CT_/;’ Dork brown sity clayey fIl wth gravel ond brck fragments mosat soft wth : SS 0 1 5/2 5
){/\’)’ 0 ga ¢ matenai
\//\//’A\)j I it f i SS 0 15/25
-1 -V dork cl t d last ¢ t, t wth |l od -1
._.%:L //._ oengn co mugt:uyol sslyghtozdosro med m plostely wet wih grovel © —
—% : Groyish~b ow sity cley f m highly ploste m t wth g ay strecks 7 SS 0 25/25
i CH//&_ Lght olwe—b own sity cloy f e hghly plastc mosst wih grey st ecks 1 ss 0 25/25
10 — -
_///_ Olive slity cloy hord very plastc wet wth groy ond yellow—b ow motties sS 0 2 5/2 5
n %' Ofive—groy silty cloy hord very plostc wth t oce sc d morst . ss o) 2 5/2 5
__- | Sty cloy had medum plosticty wth t oce sa d most _:
_///_ Groy slty cloy wth trace so d ond grovel hard med m plostecty most 4 ss 0 2 5/2 5
—/CL - Stro g bown slity cloy wth troce s d frm med m plostcty most wth o
/ |. g oy strecks
] /r Strong brown sity cloy wth troce sond frm med m plostcty moist wth ] SS 0 2 5/ 25
20 - /] g oy st eaks more olve—brown ec bottom ]
. ///- 4 sS 0 25/25
- CH/ I~ Yellowsh—brown sity clay soft hghly plostc wth groy mottles troce g avel -]
-/ |- ond few block motties most -
'/ / - 4 ss 0
L b Ity o f ]
-7// - Grovel 0 @ rock tragments. wet | Loy minimeeseded 4 gg o |25/25
i /é: 1 ss o |25/25
304 —
_// i ‘Lﬂg:: cotlywe—r-“z::m' th“; :y";t(e t':; so d nd grovel very had med m ] s o 2 5/2 5
] / - ]
- - -
sS 0 (25/25
V0 ]
- - 4 ss
- " - -
i N ] ss
40 TT -
< ||SM| |- Sy fne sond Ight oive-brow wet 4 ss 0 2 /2
1) A
. [ 1 ws
— - —
- - -
-1 — -
S0
ENVIROGEN | McGRAW—EDISON
BORING NUMBER P-07
NEW SOLUTIONS 1O HAZARDOUS WASTE PROBLEMS CENTERVILLE, IA




PLOT

PROJECT NUMBER 44061

LOGGED BY C ELVRUM

DRILLING CO ERM/AQUADRILL

DATE ORILLED 5-3-98

BORING METHOD GEOPROBE/DRILL RIG

FIELD SCREENING EQUIP PID

SAMPLING METHOD LASKEY SAMPLER

ANALYTICAL METHOD TCE

NOTES DWG NAME borings logs
OEPTH | BORING sawpLes| SPACE |Recovemy
(FT) LOG DESCRIPTION AND COMMENTS (opm)
0 Tz
f f -
25)\;} e Pott me frlaayplnrl.lt o t;h st " {rogm nis wih tro & g avel 0 d 4 SS 0 25/25
SW Block medum coarse sand ¢ d grovel mo st 7]
//,Cl..//] Very dark groy soft sity cloy wth tace gravel most _: SS 0 25/25
‘// i 1 ss o |25/25
: / : Lght olive—brown sity cly ¢ m most hghly plastc wth g gy mottles :
. CH% L 4 SS 0 25/25
10 —% — -
N [~ Lght groy sity cloy wth of e—brown mottl g frm most hghly pleste 71 SS 0 25/25
. /_ Lght groy sity cloy wth oltve—bow mottl ¢ f m most hghly plostc q
/ wth g ey bottom 4 SS o 25/25
_% | Stog bown slty clay hord wth black nod les ¢ d g oy motties moist ]
med m plostcty
7] [ Stro g bown slty cloy hord wth block nodules o d g oy motties mo st 7SS 0 25/25
n /‘ medum plastcty crumbly N
. : 1 ss o |25/25
/CL/ Yellow sh—b own sty clay frm moist med m plostc wth block od les /
20 —/ [~ and g ey mottles trace gravel -]
1 B 1 SS 0 25/25
: : Yellowsh—b own sity cloy frm most medum ploestc wth block odules : SS 0 25/25
] / B and g ey mottles troce g avel ol ve—b own towa ds bottom ]
_//5w///— Yellomsh—b ow med m to coarse g o ed sand 1 SS 0 1/25
-/CH/- Olive—brow slity cloy ha d hghly piostic morst. -
4 %_ 1 ss 0 1/25
30 e /L —
37 2 1 Ss 0 25/25
- /— L ght olve~brown sity cloy wth groy steoks a d to govel frm low -
- /CL | plostcty crumbly most N
] M- ] ss 0o |25/25
4| |gM||[ toht oive-bown sity fne sond wet, cloyey near bottom 4 SS 0 25/25
. 11 .
:%:/Lé: L ght olive—brown sity cloy low pla tcty wet soft : SS 0 2 5/2 5
404444 -
<1{lsM!| | Lght olve~brown f e sty sond wet 4 SS 0 2/2
: i 1 ws
50

ENVIROGEN

McGRAW—EDISON

NEW SOWTIONS TO HAZARDOUS WASTE PROBLENS

CENTERVILLE, [A

BORING NUMBER

P-08




PLOT SCALE.

PROJECT NUMBER 44061

LOGGED

BY Y CHANG

DRILLING CO

ERM/AQUADRILL

OATE DRILLED

5-13-98

BORING METHOD GEOPROBE/DRILL RIG

FIELD SCREENING EQUIP NA

SAMPLING METHOD LASKEY SAMPLER

ANALYTICAL METHOD TCE

NEW SOLUTIONS TO HAZARDQUS WASTE PROBLEMS

CENTERVILLE, IA

NOTES DWG NAME borings logs
HEAD
il R DESCRIPTION AND COMMENTS SAMPLES| SPACE |RECOVERY
ppm
0
i //C/L A" E;rk goy slty cloy most med m plostcty t 9 bow sh goy cloy ot : SS 2/2
_//.. Dark brow clay hghly plostc ho d wth yell wsh—b ow st eoks -4 SS 2/2
10 — 4— —
—%CH - Dork gray cloy hghly plastc hord wth yellowsh~b ow st eoks 4 SS 2/2
'%’ Oork g oy cloy stff hghly plostc wth yellowsh—b ow st eoks i Ss 2/2
1 - [ "~
- 4
_7/ _ 4 ss 2/2
20 — —
] //[ ]
-1 %/CL Yellomsh—brow cloyey sc d wet med m plostcty -
= /- :
7/ SC’/] Yeliowsh—brow so dy clay wet. sS 1/2
30 SW Yellow sh—brow sa d ond g ovel well g oded wet ; /
o] F i
] [ ]
50
ENVIROGEN CORAW—EDISON ' |o50ine numser P09




Table 8 11 TCE concentrations of soil borings
McGraw Edison Site Centerville lowa

L bTCE Fi id TCE L bTCE Field TCE
Borehole iD | Sample Date | Depth (fe t) { g/ka) { g/kg) Bor h 1 ID | Samp! D t D pth (feet) (ug/ka) (ug/kg)

P01 27 Ap 98 13 ns 22 P 05 30-Apr 98 911 d d
P01 27 Apr 98 3-5 ns nd P05 30-Apr 98 1113 ns nd
P01 27 Apr 98 57 d P 05 30-Ap 98 13-15 d
P-01 27 Apr 98 79 ns nd P 05 30-Apr 98 1517 ns nd
P-01 27 Apr 98 911 d d P 05 30-Ap 98 17 19 d
P01 27 Apr 98 1113 ns d P 05 30Ap 98 19-21 ns d
PO 27 Ap 98 1315 ns d P 05(2) 1 May 98 575 ns d
P01 27 Apr 98 1719 ns nd P 05 (2) 1My98 7510 d nd
P01 27 Ap 98 1921 ns nd P 05(2) 1M yo8 10125 ns d
P01 27 Ap 98 2123 s nd P 05(2) 1 May 98 12515 ns d
P 01 27 Ap 98 2325 s d P 05(2) 1M y98 15175 ns d
P01 27 Apr 98 2527 s d P 05 (2) 1 May 98 17 5-20 s 15
P01 28 Ap 98 2729 ns d P 05(2) 1 May 98 20225 s 4
PO1 28-Apr 98 29 31 ns nd P 05(2) 1M yo98 225-25 ns 268
P01 28 Ap 98 3133 d P 05 (2) 1 May 98 25275 88
P01 28-Apr 98 3335 d nd P 05(2) 1 May 98 27 5-30 ns 836
P01 29 Ap 98 3537 n d P05 (2) 1M yo8 30325 523
P01 28 Ap 98 39-41 ns d P 05 (2) 1 May 98 32535 ns 81
P02 29 Ap 98 13 d d P 05 (2) 1M yo98 35375 33
P 02 29 Ap 98 35 ns d P 05 (2) 1My98 37 5-40 d d
P02 29 Ap 98 5.7 d P 06 2 May 98 025 n d
P02 29-Apr 98 79 n d P 06 2 May 98 255 d
P 02 29 Ap 98 811 n nd P 06 2 May 98 575 ns d
P 02 29 Ap 98 1113 s d P08 2My98 75-10 32
P 02 29 Ap 98 1315 s d P 06 2My98 10-125 77
P 02 29-Ap 98 1517 d P 06 2 May 98 12 5-15 d nd
P02 29 Ap 98 17 19 ns d P 06 2M y98 15175 d
P-02 29 Apr 98 19 21 ns d P 06 2 May 98 17520 S d
P02 29 Ap 98 2123 d P 06 2M yo98 20225 d
P02 29 Apr 98 23-25 ns nd P 06 2 May 98 225-25 ns d
P02 29 Ap 98 25-27 d P 06 2 May 98 25275 93
P 02 29-Apr 98 2729 ns d P 06 2 May 98 27 5-30 234
P 02 29 Ap 98 29 31 d P 06 2 May 98 30325 146
P-02 29 Apr 98 3133 s nd P 06 2M y98 32535 ns 12
P02 29-Ap 98 3335 ns d P06 2 May 98 35375 n nd
P02 29 Ap 98 3537 n nd P 06 2M y98 37 5-40 d d
P 02 29 Apr 98 37 39 nd P07 2 May 98 025 d
P02 29 Ap 98 39 41 d d P07 2Mmyos 255 nd d
P03 3-May 98 025 n d P 07 2Myg98 575 13
P03 3-M y 98 255 ns nd P07 2 May 98 7 5-10 ns 98
P 03 3-M yo98 5.75 n d P 07 2Myo98 10125 d
P03 3Myo9s8 7510 ns nd P07 2M y98 12 5-15 s nd
P 03 3-M y98 10125 d d P07 2My98 15175 d
P03 3M yo8 12515 “ns nd P 07 2 May 98 175-20 d
P 03 3Myo8 15175 ns 16 P07 2M y98 20225 d
P 03 3-May 98 17 5-20 n 44 P07 2 May 98 225-25 nd d
P03 3-May 98 20-225 n d P07 2 May 98 25-275 ns 58
P03 3-May 98 22525 s d P07 2 May 98 27 5-30 d
P 03 3-May 98 25-275 nd P07 2 May 98 30325 ns d
P 03 3Myo8 27 5-30 s d P 07 2 May 98 32635 s d
P03 3-M y 98 30-325 d P 07 2M yo98 35375 d
P-03 3 May 98 32535 ns’ nd P07 2 May 98 37 5-40 ns d
P-03 3-May 98 35-375 ns nd P07 2 May 98 40-42 ns d
P-03 3 May 98 37 540 nd nd P08 3-May 98 025 ns nd
P04 30-Ap 98 137 d P08 3M y98 25.5 64 4
P 04 30-Apr 98 35 s 7. nd P 08 3-May 98 575 s 484
P04 30-Apr 98 57 __ns d__ | _pos 3M y98 7510 ns 104 9
P o4 30-Apr 98 79 ns .nd P08 _ 3-May 98 10125 ns 495
P 04 30-Ap 98 9-11 ns d P08 3IMy98 12515 s 88
P04 0Ap 98 | 1113 _ [T es_ | nd T P08 | _3MYy98 15175 . d
P-04 30-Apr 98 1315 ns_ 99 P 08 3-May 98 17520 ns nd
P04” | 30-Apr98 | 1547 |  ns _"'nd Pos “dMay88 | 26235 |7 nd nd
P04 30 Apr 98 17 19 nd nd P08 3-May 98 22525 ns nd
Poa | 30-Ap o8 | T1921 L8 S Td T PG Tl 3Imygs | 25375 s 64
P04 1 May 98 30-32 ns [ 119 pos 3-May 98 27 5-30 ns 18
04" 7| 1May98 | 32535 |” T ns nd_ 7 Pos_ | 3May9s | 34325 nd nd
P 04 1 May 98 35375 ns nd P08 3-May 98 32535 | ns d
P04 | 1May98” | 37539 s |7 nd . P08 3Mayos | 35375 ns d
P04 1 May 98 39-40 ns_ | _ nd PO8 | 3May9 | 37540 ns nd

P 04(2) 3May 88 |_ 20225 ns _nd P08 3May 98 | 4042 “ns nd

P 04 (2) 3-May 98 22525 ns nd P 09(SB SC2)| 13-M y98 68 130 ns

P04(3)_ | 3May88 | 25275 s T |7 Tnd ?T|PO9(SB-SCZ)| 13 May 98 810 120 ns

P 04(2) 3-May 98 27 5-30 ns nd P 09 (SB SC2)| 13-May 98 10-12 80 ns
P05 30-Apr 98 13 ns | nd P 09(SB SC2)| 13-May 98 1214 4 ns
P05 30 Ap 98 35 ns nd P 09(SB SC2)| 13-M y 98 18-20 d
P05 _ 30-Ap_98 57 ns_ nd P 09 (SB SC2){ 13-May 98 28-30 8 ns
P 05 30-Apr 98 79 ns nd

d compo nd tdt cted Iy
t mpledf 1 b lysis
(2 Brigw re- tiaed d mpt d
MWRt bl |

Tb B11



McGraw-Edison Site Centerville lowa

o

=

Borehole | Sample | Sample | Lab TCE |Field TCE
ID Date |Depth (ft)| (ppb) (ppb)
P01 |28 Apr98| 3941 ns nd
P 02 30 Apr98| 32-41 40 43
P 03 3 May 98| 4043 ns nd
P 04 1 May 98| 4043 ns nd
P05(2) | 1 May 98] 40-43 ns nd
P 06 2 May 98| 4245 20 10
P07 |2May 98, 4245 ns 13
P 08 3 May 98| 40-43 ns nd

ns Not sampled
nd Constituent not detected in alalysis

Table B 12 Concentration of TCE (hydropunch) in groundwater from soil borings

MWRtable xIs TableB 12



COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1(1 3)
Sampling Date 4/27/98
Analysis Code Ci10010
Analysis Date 4/27/98
Instrument Code/lnttials C
Chemical Field GC
Name Concentration
Cs
(pg/Kg)
Tnchloroethene (TCE) 22
TOTAL VOCs 22




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P1(3 5)
Sampling Date 4/27/98
Analysis Code C10011
Analysis Date 4/27/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P1(5 7)
Samphing Date 4/27/98
Analysis Code C10012
Analysis Date 4/27/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1(7 9)
Sampling Date 4/27/98
Analysis Code C10013
Analysis Date 4/27/98
Instrument Code/Inthals c
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1(9 11)
Sampling Date 4/27/98
Analysis Code Cl0014
Analysis Date 4/27/98
Instrument Code/initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Tnchloroethene (TCE) 00

TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1(11 13)
Sampling Date 4/27/98
Analysis Code C10015
Analysis Date 4/27/98
instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P1(13 15)
Sampling Date 4/27/98
Analysis Code C10016
Analysis Date 4/27/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(rg/Kg)
Tnchloroethene (TCE) 00
!
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1(17 19)
Sampling Date 4/27/98
Analysis Code Cl0019
Analysis Date 4/27/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
F Cs
(ng/Kg)
Tnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P1(19 21)
Sampling Date 4/27/98
Analysis Code C10020
Analysis Date 4/27/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(rg/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P1(21 23)
Sampling Date 4/27/98
Analysis Code C10021
Analysis Date 4/27/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnichloroethene (TCE) 00

TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P1(23 25)
Sampling Date 4/27/98
Analysis Code C10022
Analysis Date 4/27/98
Instrument Code/lInttials Cc
Chemical Field GC
Name Concentrqtlon
i Cs
(ng/Kg)
Tnchioroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1(25 27)
Sampling Date 4/27/98
Analysis Code Cl0023
Analysis Date 4/27/98
Instrument Code/inttials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




|

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification RINSATEBLANK1
Sampling Date 4/28/98
Analysis Code C10030
Analysis Date 4/28/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/l)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA

Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1(27 29)
Sampling Date 4/28/98
Analysis Code C10031
Analysis Date 4/28/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(rg/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P1(29 31)
Sampling Date 4/28/98
Analysis Code C10032
Analysis Date 4/28/98
Instrument Code/lInitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




G R an G N TR oy O an aEm e

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P1(31 33)
Sampling Date 4/28/98
Analysis Code C10033
Analysis Date 4/28/98
Instrument Code/initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1(33 35)
Sampling Date 4/28/98
Analysis Code C10034
Analysis Date 4/28/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P 1(35 37)
Sampling Date 4/29/98
Analysis Code C10050
Analysis Date 4/29/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample lIdentification P1(39 41)
Sampling Date 4/28/98
Analysis Code C10035
Analysis Date 4/28/98
Instrument Code/Inttials C
Chemical Field GC
Name Concentration
Cs
(rg/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P2(1 3)
Sampling Date 4/29/98
Analysis Code Cl0057
Analysis Date 4/29/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(3 5)
Sampling Date 4/29/98
Analysis Code C10058
Analysis Date 4/29/98
Instrument Code/Initials Cc
Chemical Field GC
Name Concentration
Cs
(rg/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(5 7)
Sampiing Date 4/29/98
Analysis Code C10059
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(7 9)
Sampling Date 4/29/98
Analysis Code C10060
Analysis Date 4/29/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00

i



COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P2(9 11)
Sampling Date 4/29/98
Analysis Code Cl0061
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P2(11 13)
Sampling Date 4/29/98
Analysis Code C10062
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemical Fleld GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(13 15)
Sampling Date 4/29/98
Analysis Code C10063
Analysis Date 4/29/98
Instrument Code/Initials c
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(15 17)
Sampling Date 4/29/98
Analysis Code C10065
Analysis Date 4/29/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(1g/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(19 21)
Sampling Date 4/29/98
Analysis Code C10067
Analysis Date 4/29/98
Instrument Code/Inttials Cc
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




|

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(15 17)
Sampling Date 4/29/98
Analysis Code C10065
Analysis Date 4/29/98
Instrument Code/initials C
Chemuical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(21 23)
Sampling Date 4/29/98
Analysis Code C10068
Analysis Date 4/29/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysts Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(23 25)
Sampling Date 4/29/98
Analysis Code Cl0069
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemucal Freld GC
Name Concentration
Cs
(ng/Kg)
Tnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(25 27)
Sampling Date 4/29/98
Analysis Code C10070
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemcal Field GC
Name Concentration
Cs
(1g/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(27 29)
Sampling Date 4/29/98
Analysis Code C10071
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(29 31)
Sampling Date 4/29/98
Analysis Code C10072
Analysis Date 4/29/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ug/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(31 33)
Sampling Date 4/29/98
Analysis Code C10073
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemical Freld GC
Name Concentration
Cs
(ng/Kg)
Tnchioroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(33 35)
Sampling Date 4/29/98
Analysis Code Cl10074
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(1g/Kg)
Trchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(37 39)
Sampling Date 4/29/98
Analysis Code C10076
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2(39 41)
Sampling Date 4/29/98
Analysis Code C10077
Analysis Date 4/29/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichioroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(0 2 5)
Sampling Date 5/3/98
Analysis Code C10030
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P3(2 5 5)
Sampling Date 5/3/98
Analysis Code C10031
Analysis Date 5/3/98
Instrument Code/Initials C
Chemucal Field GC
Name Concentration
Cs
(ngrkg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(5 7 5)
Sampling Date 5/3/98
Analysis Code C10033
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P3(2 5 5)
Sampling Date 5/3/98
Analysis Code CI0031
Analysis Date 5/3/98
Instrument Code/lnttials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(7 5 10)
Samphing Date 5/3/98
Analysis Code C10032
Analysis Date 5/3/98
Instrument Code/initials C
Chemical Field GC
Name Concentration
Cs
(ug/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(10 12 5)
Sampling Date 5/3/98
Analysis Code C10034
Analysis Date 5/3/98
Instrument Code/initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(12 5 15)
Sampling Date 5/3/98
Analysis Code C10035
Analysis Date 5/3/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(17 5 20)
Sampling Date 5/3/98
Analysis Code C10037
Analysis Date 5/3/98
Instrument Code/Initials C
Chemical Freld GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 44
TOTAL VOCs 44




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P3(20 22 5)
Sampling Date 5/3/98
Analysis Code C10038
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Ts
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(22 5 25)
Sampling Date 5/3/98
Analysis Code C10039
Analysis Date 5/3/98
Instrument Code/lnitials Cc
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(25 27 5)
Sampling Date 5/3/98
Analysis Code Cl10042
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs )
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(27 5 30)
Sampling Date 5/3/98
Analysis Code C10043
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(30 32 5)
Sampling Date 5/3/98
Analysis Code C10044
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng’/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P3(32 5 35)
Sampling Date 5/3/98
Analysis Code C10045
Analysis Date 5/3/98
Instrument Code/Initals C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(35 37 5)
Sampling Date 5/3/98
Analysis Code Cl0046
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
i Cs
(ng/kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P3(37 5 40)
Sampling Date 5/3/98
Analysis Code Cl10047
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentratlon
Cs
(ng/kg)
Tnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample lIdentification P4(1 3)
Sampling Date 4/30/98
Analysis Code C10022
Analysis Date 4/30/98
Instrument Code/Initials Cc
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P4(3 5)
Sampling Date 4/30/98
Analysts Code C10023
Analysis Date 4/30/98
Instrument Code/Initials Cc
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(5 7)
Sampling Date 4/30/98
Analysis Code C10024
Analysis Date 4/30/98
Instrument Code/lnitials Cc
Chemical Field GC
Name Concentration
E Cs
(1grkg)
Trnichloroethene (TCE) 00
00

TOTAL VOCs




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P4(7 9)
Sampling Date 4/30/98
Analysis Code Cl0025
Analysis Date 4/30/98
Instrument Code/initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(9 11)
Sampling Date 4/30/98
Analysis Code C10034
Analysis Date 4/30/98
Instrument Code/Intials C
Chemical Field GC
Name Concentration
Cs
(ng’/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(11 13)
Sampling Date 4/30/98
Analysis Code Cl0035
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(13 15)
Sampling Date 4/30/98
Analysis Code C10031
Analysis Date 4/30/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trnchioroethene (TCE) 99
TOTAL VOCs 99




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(13 15)
Sampling Date 4/30/98
Analysis Code C10031
Analysis Date 4/30/98
Instrument Code/Initials c
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 99
TOTAL VOCs 99




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(15 17)
Samphing Date 4/30/98
Analysis Code C10030
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(17 19)
Sampling Date 4/30/98
Analysis Code C10032
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(rg/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(19 21)
Sampling Date 4/30/98
Analysis Code C10033
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Tnchloroethene (TCE) 00
TOTAL VOCs 00




|

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(30 32)
Sampling Date 5/1/98
Analysis Code C10008
Analysis Date 5/1/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 119
TOTAL VOCs 119




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(32 5 35)
Sampling Date 5/1/98
Analysis Code C10011
Analysis Date 5/1/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
r Cs
(ug/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P4(35 37 5)
Sampling Date 5/1/98
Analysis Code C10012
Analysis Date 5/1/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(37 5 39)
Sampling Date 5/1/98
Analysis Code C10013
Analysis Date 5/1/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P4(39 40)
Sampling Date 5/1/98
Analysis Code Cl0014
Analysis Date 5/1/98
Instrument Code/Intials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(1 3)
Sampling Date 4/30/98
Analysis Code Cl10011
Analysis Date 4/30/98
Instrument Code/Initials Cc
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P5(3 5)
Sampling Date 4/30/98
Analysis Code Cl10012
Analysis Date 4/30/98
Instrument Code/lnitials Cc
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

G G GBE 0 = Bm
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Sample ldentification P5(5 7)
Sampling Date 4/30/98
Analysis Code Cl10013
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P5(7 9)
Sampling Date 4/30/98
Analysis Code Cl0014
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(1g/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(9 11)
Sampling Date 4/30/98
Analysis Code Cl10015
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ug/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00



-r---------

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(11 13)
Sampling Date 4/30/98
Analysis Code Clo016
Analysis Date 4/30/98
Instrument Code/inttials Cc
Chemical Field GC
Name Concentration
Cs
(rg/Kg)
Trnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(13 15)
Sampling Date 4/30/98
Analysis Code Cl10017
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(r9/Kg)
Trnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P5(15 17)

Sampling Date 4/30/98

Analysts Code Ccl0018

Analysis Date 4/30/98
instrument Code/lnitials C

Chemical Field GC

Name Concentration

[ Cs

(ng/Kg)

Tnchloroethene (TCE) 00

TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(17 19)
Sampling Date 4/30/98
Analysis Code C10019
Analysis Date 4/30/98
Instrument Code/Inihals o}
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(19 21)
Sampling Date 4/30/98
Analysis Code C10020
Analysis Date 4/30/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ug/Kg)
Trichioroethene (TCE) 00

TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

4

Sample ldentification P5(2)5 7 5
Sampling Date 5/1/98
Analysis Code Cl10026
Analysis Date 5/1/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)7 5 10
Sampling Date 5/1/98
Analysis Code C10025
Analysis Date 5/1/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichioroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)10 12 5
Sampling Date 5/1/98
Analysis Code C10027
Analysis Date 5/1/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
{(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)12 5 15
Samphng Date 5/1/98
Analysis Code C10028
Analysis Date 5/1/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(1g/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P5(2)15 17 5
Sampling Date 5/1/98
Analysis Code C10029
Analysis Date 5/1/98
Instrument Code/lnihals C
Chemical Fieild GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification

P5(2)17 5 20

Sampling Date 5/1/98
Analysis Code C10030
Analysis Date 5/1/98
Instrument Code/lnitials Cc
Chemical Field GC
Name Concentration
Cs
(1g/kg)
Trichloroethene (TCE) 15
TOTAL VOCs 15




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)20 22 5
Sampling Date 5/1/98
Analysis Code Cl0031
Analysis Date 5/1/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 40
TOTAL VOCs 40




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)22 5 25
Sampling Date 5/1/98
Analysis Code C10032
Analysis Date 5/1/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trnichloroethene (TCE) 26 8
TOTAL VOCs 26 8




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P5(2)25 27 5
Sampling Date 5/1/98
Analysis Code C10033
Analysis Date 5/1/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(1g/kg)
Trichloroethene (TCE) 880
TOTAL VOCs 88 0




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)27 5 30
Samphng Date 5/1/98
Analysis Code C10034
Analysis Date 5/1/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
; Cs
(rg/kg)
Trnichloroethene (TCE) 836
TOTAL VOCs 836




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification

P5(2)30 32 5

Sampling Date 5/1/98
Analysis Code Cl0035
Analysis Date 5/1/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(Lg/kg)
Trichloroethene (TCE) 52 3
TOTAL VOCs 52 3




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)32 5 35
Samphng Date 5/1/98
Analysis Code C10036
Analysis Date 5/1/98
instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trnichloroethene (TCE) 8 1
TOTAL VOCs 8 1




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P5(2)35 37 5
Sampling Date 5/1/98
Analysis Code C10037
Analysis Date 5/1/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Tnchloroethene (TCE) 33
TOTAL VOCs 33




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)37 5 40
Sampling Date 5/1/98
Analysis Code C10038
Analysis Date 5/1/98
Instrument Code/Intials C
Chemical Field GC
Name Concentration
Cs
(ug’kg)
Trnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)32 5 35
Sampling Date 5/1/98
Analysis Code C10036
Analysis Date 5/1/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ug/kg)
Trnchloroethene (TCE) 8 1
TOTAL VOCs 8 1




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(0 2 5)
Sampling Date 5/2/98
Analysis Code Ci0007
Analysts Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(rg/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(2 5 5)
Sampling Date 5/2/98
Analysis Code C10008
Analysis Date 5/2/98
Instrument Code/Initials Cc
Chemical Field GC
Name Concentration
Cs
(rLg/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

-

Sample ldentification P6(5 7 5)
Sampling Date 5/2/98
Analysis Code C10009
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(7 5 10)
Sampling Date 5/2/98
Analysis Code Cl10010
Analysis Date 5/2/98
instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnichlioroethene (TCE) 32
TOTAL VOCs 32




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P6(10 12 5)
Sampling Date 5/2/98
Analysis Code C10011
Analysis Date 5/2/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 77
TOTAL VOCs 77




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(15 17 5)
Sampling Date 5/2/98
Analysis Code Cl0013
Analysis Date 5/2/98
Instrument Code/lInttials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P6(17 5 20)
Sampling Date 5/2/98
Analysis Code Ci0014
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemcal Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(20 22 5)
Sampling Date 5/2/98
Analysis Code C10015
Analysis Date 5/2/98
Instrument Code/inttials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(22 5 25)
Sampling Date 5/2/98
Analysis Code Cl10016
Analysis Date 5/2/98
Instrument Code/lnitials o}
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00
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COOPER IOWA

Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(25 27 5)
Sampling Date 5/2/98
Analysis Code C10017
Analysis Date 5/2/98
Instrument Code/lnitials Cc
Chemical Field GC
Name Concentration X
[ Cs
(rg/Kg)
Trnichloroethene (TCE) 93
TOTAL VOCs 93




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(27 5 30)
Sampling Date 5/2/98
Analysis Code Cl0018
Analysis Date 5/2/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(1g/Kg)
Trichloroethene (TCE) 23 4
TOTAL VOCs 23 4




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(30 32 5)
Sampling Date 5/2/98
Analysis Code C10019
Analysis Date 5/2/98
Instrument Code/initials c
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 14 6
TOTAL VOCs 14 6




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6(32 5 35)
Sampling Date 5/2/98
Analysis Code C10020
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 12
TOTAL VOCs 12




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P6(35 37 5)
Sampling Date 5/2/98
Analysis Code C10021
Analysis Date 5/2/98
Instrument Code/lnitials Cc
Chemical Field GC
Name Concentration
Cs
(1g/Kg)
Tnchioroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P6(37 5 40)
Sampling Date 5/2/98
Analysis Code C10022
Analysis Date 5/2/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(0 2 5)
Sampling Date 5/2/98
Analysis Code Cl10029
Analysis Date 5/2/98
Instrument Code/initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(2 5 5)
Samphing Date 5/2/98
Analysis Code C10030
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(pg/kg)
Tnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(5 7 5)
Sampling Date 5/2/98
Analysis Code Cl0031
Analysis Date 5/2/98
Instrument Code/lmtals C
Chemical Field GC
Name Concentration
Cs
(na/kg)
Trichloroethene (TCE) 13
TOTAL VOCs 13




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(7 5 10)
Sampling Date 5/2/98
Analysis Code C10032
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Freld GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 98
TOTAL VOCs 98



COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P7(10 12 5)
Sampling Date 5/2/98
Analysis Code C10033
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemcal Field GC
Name Concentration
Cs
(ug/kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(12 5 15)
Sampling Date 5/2/98
Analysis Code C10034
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA

Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(15 17 5)
Sampling Date 5/2/98
Analysis Code C10035
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(1g/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(17 5 20)
Sampling Date 5/2/98
Analysis Code C10036
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ug/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 0O




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P7(20 22 5)
Sampling Date 5/2/98
Analysis Code C10037
Analysis Date 5/2/98
Instrument Code/Inithals C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Tnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P7(22 5 25)
Sampling Date 5/2/98
Analysis Code C10038
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




\

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(25 27 5)
Sampling Date 5/2/98
Analysis Code C10039
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichioroethene (TCE) 58
TOTAL VOCs 58




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P7(27 5 30)
Sampling Date 5/2/98
Analysis Code C10040
Analysis Date 5/2/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(30 32 5)
Sampling Date 5/2/98
Analysis Code C10041
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P7(32 5 35)
Sampling Date 5/2/98
Analysis Code Cl10042
Analysis Date 5/2/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P7(40 42)
Sampling Date 5/2/98
Analysis Code C10044
Analysis Date 5/2/98
Instrument Code/Initials c
Chemical Field GC
Name Concentration
t Cs
(rg/kg)
Trichloroethene (TCE) 00
TOTAL VOCs i 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P8(0 2 5)
Sampling Date 5/3/98
Analysis Code C10007
Analysis Date 5/3/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ug/Kg)
Tnchloroethene (TCE) 00
TOTAL VOCs 00




|

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(5 7 5)
Sampling Date 5/3/98
Analysis Code C10009
Analysis Date 5/3/98
Instrument Code/lmitials C
Chemical Field GC
Name Concentration
Cs
(rg/Kg)
Trichloroethene (TCE) 48 4
TOTAL VOCs 48 4




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(7 5 10)
Sampling Date 5/3/98
Analysis Code Ci0010
Analysis Date 5/3/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(1g/Kg)
Trichloroethene (TCE) 104 9
TOTAL VOCs 104 9




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(10 12 5)
Sampling Date 5/3/98
Analysis Code C10011
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
s
(ng/Kg)
Tnchloroethene (TCE) 49 5
TOTAL VOCs 49 §




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(12 5 15)
Sampling Date 5/3/98
Analysis Code Cl10012
Analysis Date 5/3/98
Instrument Code/initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 8 8
TOTAL VOCs 8 8




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(15 17 5)
Sampling Date 5/3/98
Analysis Code C10013
Analysis Date 5/3/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID
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Sample Identification P8(17 5 20)
Sampling Date 5/3/98
Analysis Code Ci0014
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(20 22 5)
Sampling Date 5/3/98
Analysis Code Cl0015
Analysis Date 5/3/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ug/Kg)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(22 5 25)
Sampling Date 5/3/98
Analysis Code Cl0016
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P8(25 27 5)
Sampling Date 5/3/98
Analysis Code C10017
Analysis Date 5/3/98
Instrument Code/Initials o]
Chemical Field GC
Name Concentration
Cs
(1g/Kg)
Trichloroethene (TCE) 6 4
TOTAL VOCs 64




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(27 5 30)
Sampling Date 5/3/98
Analysis Code C10018
Analysis Date 5/3/98
Instrument Code/initials c
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Tnchloroethene (TCE) 18
TOTAL VOCs 18




COOPER IOWA

Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(30 32 5)
Sampling Date 5/3/98
Analysis Code C10019
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Cogcentrat/on
Cs
(1g/Kg)
Tnchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(32 5 35)
Sampling Date 5/3/98
Analysis Code C10020
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(35 37 5)
Sampling Date 5/3/98
Analysis Code C10021
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(37 5 40)
Sampling Date 5/3/98
Analysis Code C10022
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P8(40 42)
Sampling Date 5/3/98
Analysis Code C10023
Analysis Date 5/3/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(1g/Kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(2)20 22 5
Sampling Date 5/3/98
Analysis Code C10049
Analysis Date 5/3/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification

P4(2)22 5 25

Sampling Date 5/3/98
Analysis Code C10050
Analysis Date 5/3/98
instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(rg/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(2)25 27 5
Sampling Date 5/3/98
Analysis Code Cl10051
Analysis Date 5/3/98
Instrument Code/inttials c
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trchloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4(2)27 5 30
Sampling Date 5/3/98
Analysis Code C10052
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00
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COOPER IOWA

Field Analysis Report Form

Target Compounds
by Photovac GC/PID

l Sample Identification RINSATEBLANK1
Sampling Date 4/28/98

' Analysis Code C10030
Analysis Date 4/28/98

l Instrument Code/lnitials c

l Chemical Freld GC
Name Concentrauon
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' Trichloroethene (TCE) 00
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TOTAL VOCs 00
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COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P1 WATER
Sampling Date 4/28/98
Analysis Code C10037
Analysis Date 4/28/98
Instrument Code/Initials C
Chemcal Field GC
Name Concentration
Cs
(ng/l)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P2 WATER
Sampling Date 4/30/98
Analysis Code C10036
Analysis Date 4/30/98
Instrument Code/lntials C
Chemical Field GC
Name Concentration
Cs
(rg/l)
Trichloroethene (TCE) 43
TOTAL VOCs 43




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P3WATER
Sampling Date 5/3/98
Analysis Code Cl10048
Analysis Date 5/3/98
Instrument Code/lnihals C
Chemical Field GC
Name Concentration
Cs
(rg/l)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P4 WATER
Sampling Date 5/1/98
Analysis Code Cl10015
Analysis Date 5/1/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(rg/l)
Trnichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P5(2)WATER
Sampling Date 5/1/98
Analysis Code C10039
Analysis Date 5/1/98
Instrument Code/lnitials c
Chemical Field GC
Name Concentration
Cs
(ng/kg)
Trichloroethene (TCE) 00
TOTAL VOCs 00




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification P6 WATER
Sampling Date 5/2/98
Analysis Code C10023
Analysis Date 5/2/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/l)
Trichloroethene (TCE) 10
TOTAL VOCs 10




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample I|dentification P7WATER
Sampling Date 5/2/98
Analysis Code Cl0045
Analysis Date 5/2/98
Instrument Code/Initials C
Chemical Field GC
Name Concentration
Cs
(ng/l)
Trichloroethene (TCE) 138
TOTAL VOCs 13




COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample ldentification P8 WATER
Sampling Date 5/3/98
Analysis Code C10028
Analysis Date 5/3/98
Instrument Code/lnitials C
Chemical Field GC
Name Concentration
Cs
(pg/l)
Trnchioroethene (TCE) 00
TOTAL VOCs 00




Table B 2 1 Well detalls for existing monitoring wells
McGraw Edison Site Centerville lowa

=, ‘ Jop of casing |Ground surface b Deptt;l to I Screen
' Well ID f “ elef/atloﬁ I elevation Ottf: :‘ ?f well elevation Formation
. (ft above MSL) | (ft above MSL) (ft below (ft above MSL)
R 5 3 casing) i ;
MW 1 1022 85 1020 35 40 00 980 35 995 35 Intermediate sand
- MwWar « 1020 25; ., 102050 1300 -~ [101050 10155} Till umt#3 (perched water)
MW 3 1023 23 1020 70 7000 950 70 960 70 Channel sand
SMW3A ., 1019 88 ' 102063 L 3500 985 63 995 63 Intermediate sand
MW-4 1020 45 1018 14 42 50 97564 985 64 Intermediate sand
MW S * 1018 34 1015 84 + ¥ 3990 .*[9757698564 % intermediate sand
MW 6 1021 46 1018 52 49 00 972 52 982 52 Intermediate sand
~o MW7 | &1 1020 54 102076 © 69 00 951 54 976 543 Intermediate and channel sand
MW 7A 1020 24 1020 64 3550 984 74 992 74 Upper sand
s T2MW 8 » 102052 == 1018 16 ; 4090 2} 9782698226| : Intermediate sand
MW 8A 102123 1018 27 34 00 984 27 993 27 Upper sand
1 MW Qs g~ 1020 26 1020 42 13270 987 83 988 66 Till unit #3
MW 19WT 1015 91 1013 69 3450 084 19 979 19 Intermediate sand
MW 20WT 1020 09 +1017 67 _, 3950 988 17 978 17:]  Intermediate sand
MW 21 1022 21 1020 13 7200 958 13 948 13 Channel sand
MW 22WT 101500~ 101520 3500 98529802 | Intermediate sand
MW 23WT 1013 64 1013 91 38 00 980 91 975 91 Intermediate sand
ALLEN WELL Not surveyed 45 00 not installed Till unit #2
WT 11 1020 27 1017 64 44 00 97364 983 64 Intermediate sand
WT 12 1023 13 1020 49 47 00 973 49 983'49 Till unit #1
T OWT 13 101576 1013 24 47 00 966 24 976 24 Intermediate sand
;. WT 14 1019°46 1020 56 42 10 975 26 985 26 Intermediate sand
WT 16 1019 25 1017 19 42 50 976 69 985 09 Intermediate sand
 WT 18 1021 62 1019 16; . 42 50 976 66 987 06 Intermediate sand
EW 1 101944 1019 44 47 50 978 44 973 44 Intermediate sand
*BD11 = 1021 19 1017 60 ~113 00: 903 80 913 80 Base of till unit #1
BD 12 1022 83 1020 49 87 66 932 83 942 83 | Intermediate sand and till #3
.. BD13 i 1014 58 1012 47 8300 , 929 47 939 87 Tl unit #1
BD 14 1019 49 102075 7000 947 55 957 55 Channel sand
.~ BD16 1019 66 1017 58 108 00 909 58 919 58 Tl unit #1
BD 18 1021 28 1019 30 83 00 936 3 946 3 Till #1 and some lower sand
BR10 | , 102139 1020 09 136 00 not installed Bedrock

From installation records measured by Woodward Clyde Consultants in the documents titted Groundwater Operable Unit Feasibility Study
(Apni 23 1993)and Supplemental RI/FS investigation Report (Apni 1994)

MWRtable xIs TableB 21




Table B 2 2 Woater level data recorded on May 3 1998
McGraw Edison Site Centerville lowa

Depth to
g Top of casing | Ground surface| groundw;ter Water elevation
Well ID _ elevation elevation (ft below top of | (ft above MSL)
- (ft above MSL) | (ft above MSL)
- - - casing)
MW 1 1022 85 1020 35 29 55 993 30
MW 2 1020 25 1020 50 140 1018 85
MW 3 1023 23 1020 70 3390 989 33
MW 3A 1019 88 1020 63 3157 988 31 -
MW-4 1020 45 1018 14 3200 988 45
MW 5 1018 34 1015 84 28 95 989 39
MW 6 1021 46 1018 52 3240 989 06
MW 7 1020 54 102076 3140 989 14
MW 7A 1020 24 1020 64 3117 989 07
MW 8 -7 1020 52 1018 16 3133 989 19
MW 8A 1021 23 1018 27 29 00 992 23
MW 9 ~ 7 1020 26 1020 42 3170 988 56
MW 19WT 1015 91 1013 69 2075 995 16
MW 20WT 1020 09 1017 67 3035 989 74
MW 21 1022 21 1020 13 3300 989 21
MW 22WT +-1015 00 1015 20 2712 987 88
MW 23WT 1013 64 1013 91 26 17 987 47
ALLEN WELL |, Not surveyed - « 3147
WT 11 1020 27 1017 64 3140 988 87
WT 12 = 102313 102049 - | ~ _ 3378 989 35
WT 13 101576 1013 24 26 18 989 58
WT 14 101946~ | -~ 102056~ |. _.2988 989 58
WT 16 1019 25 1017 19 3022 989 03
WT 18 1021 62 101916 3112 990 50*
EW 1 1019 44 1019 44 3166 987 78
BD 11 ~ 102119 ~ 1017 60 =~ 7000 951 19
BD 12 1022 83 1020 49 49 90 97293
-~ BD 13 *1014 58, 101247 " =. 4090 . 973 68
BD 14 1019 48 102075 2993 989 56
~ BD16 -, 1019 66 - 1017587 “| + 7 .6900 - 950 66
8D 18 1021 28 1019 30 40 88 980 40
BR 10 102139 ; 1020 09 y + 6083 960 56

MWRtable xIs Table B 2 2



Table B 2 3 Calculated purge volume and amount of water purged

from existing monitoring well
McGraw Edison Site Centerville lowa

Three Amount of
Well ID Date Sampled| volumes | water purged
(gallons) (gallons)
MW 1 7 May 98 33 33
MW 2 14 May 98 2525 12
MW 3 13 May 98 84 83
MW3A | 13 May 98 575 6
Mw-4 6 May 98 31 31
MW 5 12 May 98 27 75 10
MW-6 6 May 98 34 34
MW 7 13 May. 98 86 75 50 .
MW 7A 13 May 98 1325 25
. MW8 12 May 98 «275 7
MW 8A 13 May 98 15 9
“ MW 9~  |Well not sampled due to dead animal
MW 19WT 8 May 98 725 75
MW 20WT “7 May 98 5 5 N
MW 21 5 May 98 165 16 5
MW 22WT 6:May 98 65 65
MW 23WT 12 May 98 625 6 25
“ALLEN WELL | 13 May 98 |Grab sample only
WT 11 5-May 98 65 65
- WT 12, 5-May 98 65 65 *
WT 13 12 May 98 115 12
WT 14 7-May 98 " 75 w15
WT 16 12 May 98 725 25
~ WT 18 “13 May 98 "7 Y
EW 1 12 May 98 3775 15
+ BD 11 6 May 987 245 245 ¥
BD 12 5 May 98 21 21
. BD13 12 May 98 237 |« 25 o
BD 14 7 May 98 215 215
“BD 16 12 May 98 22 13
BD 18 13 May 98 2225 10
-  BR10 8 May 98 _ ~224 - 47

MWRtable xIs Table B 2 3



Woodward-Clyde Memorandum
To McGraw Edison File From Tony Misercola
Office Detroit
Date July 31 1998
Subject Data Validation and Quality Assurance Summary

Soi1l and Groundwater Samples Collected In April and May 1998

McGraw Edison Centerville Iowa Site
Project # 91C3337D 300

Data Validation

Analytical results provided by Recra Environmental (Recra) were validated in accordance
with Section 10 0 of the approved Quality Assurance Project Plan (QAPP) All TCE results
and 1ron results reported for groundwater and soil samples were subjected to data validation
The following U S EPA documents were used as guidance during the validation process

1 US EPA Contract Laboratory Program National Functional Guidelines for Organic
Data Review February 1993

2 US EPA Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review February 1994

The overall conclusion of the data validation was that the data reported were acceptable for
their intended use with minor qualification Acceptable levels of accuracy and precision were
achieved for this data set except where noted below In addition completeness defined to be
the percentage of analytical results which are judged to be valid including estimated values
was 100 percent for this data set which satisfies the QAPP completeness goal of 90 percent.
Sample results for this data set required data qualification based on the minor QC deficiencies

described below

e TCE results for four samples required qualification as estimated (J for detects UJ for non
detects) based on holding time exceedances The four samples were analyzed between 18
and 21 days from sample collection and the US EPA validation guidelines require that
samples for VOC analyses be analyzed within 14 days of sample collection The
implication 1s that the

D \WCCI\DETFILES\DET235123131 JUL 98
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McGraw Edison File
October 20 1998
Page 2

TCE results for the subject samples may be biased low The affected samples included SB
SC2810 SBSC21012 SB SC2 12 14 and SB SC2 18 20

Sample MW 7A was analyzed as a matrix spike/matrix spike duplicate (MS/MSD)
sample No other groundwater samples and no soi1l samples were analyzed as MS/MSD
samples for this data set The MSD recovery for TCE indicated a potential high bias at
426 percent with an upper control limit of 118 percent Since the outlying spike recovery
indicates a potential high bias detected TCE results for all groundwater samples were
qualified as estimated (J)

The TCE result for soil sample P6 125 15 required qualification as estimated (UJ for
non detect) based on a low surrogate spike recovery (recovery was 74% with a lower
control limit of 78%) The implication is that the TCE result for this sample may be biased
low

Soil sample P4 17 19 was reanalyzed due to outlying surrogate spike recoveries
Surrogate spike recoveries for the initial sample analysis were biased high  The
reanalysis surrogate recoveries were biased low Since the sample TCE concentration
was reported as non detected for both analyses and the surrogate recoveries from the
mitial analysis indicated a potential high bias the mmitial sample TCE analysis result 1s
acceptable for use with out data qualification The TCE result for the reanalysis should
not be used based on the potential low bias

TCE results for groundwater field duplicate samples collected from MW 7 were not
reproducible (MW 7 31ug/l and MW 7DUP 1pg/l) Typically field duplicate sample
results that agree within a relative percent difference (RPD) of 50 percent are considered
reproducible Based on the divergence in the TCE sample results the TCE results for
MW 7 and MW 7DUP were qualified as estimated (data qualifier J)

It should be noted that an additional two TCE MS/MSD analyses for groundwater samples
and two TCE MS/MSD analyses for soil samples (none were analyzed) were required to
fulfill the QC frequency requirements of the QAPP Additionally all aqueous samples were
delivered to the laboratory without accompanying trip blank samples for TCE analyses As
such the potential for cross contamination during shipping activities could not be evaluated

D \WCC\DETFILES\DET23513\31 JUL 98
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Quality Assurance Audits

The field procedures were audited by Woodward Clyde on April 28 29 and May 4 6 1998
Mr John Seymour audited soil boring and sampling field gas chromatagraph analyses and
decontamination procedures 1n the south culvert area

Mr Hosam Hassanien audited water level measurements the soil boring and sampling
completed for IRPB wall so1l sampling (for Golder) and groundwater monitoring well
purging and sampling

It was concluded that MWR/Envirogen and Golder met associated procedures

DAWCC\DETFILES\DET23513\31 JUL 98



Table B 1
QUALITY ASSURANCE/QUALITY CONTROL
FIELD SUMMARY

MAY 1998
McGraw Edison Site
Centerville, Iowa

ID # Sample Date Description Data Package
MW 7 5/13/98 GW Duplicate CC
MW 23WT 5/6/98 GW Duplicate AA
EW 1 5/12/98 GW Duplicate CcC
BR 10 5/8/98 GW Duplicate DD
MW 7A 5/13/98 GW Matrix Spike CC
MW 7A 5/13/98 GW MS Duplicate  CC
MW 24 5/26/98 GW Field Blank BB
MW 30 5/6/98 GW Field Blank AA
MW 31 5/6/98 GW Field Blank AA
MW 32 5/7/98 GW Field Blank DD
MW 33 5/8/98 GW Field Blank DD
MW 34 5/13/98 GW Field Blank CcC
Rinsate 2 4/29/98 Soil Field Blank FF
Rinsate 3 4/30/98 So1l Field Blank FF
Rinsate 4 5/1/98 Soil Field Blank EE
Rinsate S 5/2/98 Soil Field Blank EE
Rinsate 6 5/2/98 Soil Field Blank EE
P2 4/30/98 GW Duplicate of EE
Field GC Analysis
P6 5/2/98 GW Duplicate of EE
Field GC Analysts

Notes/I.egend
GW = Groundwater

QC duplicates for so1l samples collected and analyzed by field GC are shown on the
attached B 1 1QA/QC

10/19/98 91C3337D 102 A M EQAQC doc



Table B 1 1 QA/QC
TCE Concentrations of Soil Samples
McGraw Edison Site Centerville lowa
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Summary of May 1998 Groundwater TCE Analyses

1998 TCE

Well ID (uglL)
MW 1 nd
MW 2 1100 000 J
MW 3 nd
MW 3A 6 400J 7 000dupd
MW-4 nd
MW 5 nd
MW 6 92J
MW 7 31J 1dupJ
MW 7A 2J
MW 8 1J
MW 8A 7J
MW 9
MW 19WT 70J
MW 20WT 20J
MW 21 nd
MW 22WT nd
MW 23WT nd
ALLEN WELL 51J
WT 11 nd
WT 12 nd
WT 13 nd
WT 14 084
WT 16 nd
WT 18 45J
EW 1 14J 12dupJ
BD 11 nd
BD 12 nd
BD 13 nd
BD 14 nd
BD 16 nd
BD 18 4)
BR 10 nd
NOTES

Table B 2 2 QA/QC

McGraw Edison Site
Centerville lowa

J= Estimated concentration for detected analytes
see W C July 30 1998 memo

* Grab Sample
dup Duplicate Sample
nd Constituent not detected during analysis of sample
Not Obtained
MOnitoring well MW 9 was not analyzed 1n May 1998 because a dead animal was stuck in the well

Woodward Clyde A\QAQCTI xls

October 19 1998



PROJECT McGRAW EDISON SITE

PROJECT LOCATION CENTERVILLE IOWA
PROJECT NUMBER 986 1083
GROUND ELEVATION NA

RECORD OF BOREHOLE GB 1

BORING DATE  5/4/98
BORING LOCATION N/A
TOC ELEVATION NA

SHEET 10OF 2
DATUM

COORDINATES

DEPTH SCALE

FEET

QD

BORING METH

SOIL PROFILE

SAMPLES

NOTES/WELL SKETCH

DESCRIPTION

USsCs

ELEV
BLOWS / N
[3

NUMBER
TYPE

DEPTH

GRAPHIC LOG

REC/ATT

20

25

40

4 25 10 HOLLOW STEM AUGER

0-0 5ft. Grass Topsoll Road Aggregate

05to180#

Moist f rm to very
stiff mottied med
gray-dark brown
yellow-orange
SILTY CLAY trace
fine/med sand

cL

LMIHTMATH M GIGCLIMGAAKARRRARARRRR Y,

OO,

D,

050

DO N/A N/A

45/
45

NAARNRNARRRRANRRRRNANY

N/A N/A

ANNNRNNRN

5/5

ANANNNNRN

N/A N/A

NN\

5/5

N/A N/A

18 0to 20 O ft Shightly moist very stff
dark yellow/orange med gray/black SILTY
CLAY trace of coarse to fine sand

CL

1800

5/5

200to 25 0 ft Shghtly moist irm stff
mottled dark yellow-orange light med gray
gray SILTY CLAY trace little firm sand

cL

2000

N/A N/A

5/5

250t0 28 51t nterbedded stff very
stiff moist yellow-orange SILTY CLAY
and med gray SILTY CLAY trace sand

cL

ATTT{H{ ARG GGGGMGERLRGTGRAN Sy

2500

N/A N/A

AN NN S N N N N N N A N NN N N NN N N NN N O N N O O O N N N O S N N OO A O AN AN NANSANRANSNNANSAARNASANANAN

AAATATIATIAL IR TARARRRN ARRRARARY ANARANRN
3

28 510 32 0 ft moist wet med gray
to dark yellow-orange fine-coarse
SAND Iittte to some clayey s It,
trace of gravel

SM

28 50

4/5

32 0 to 40 Oft moist VERY STIFF HARD
mottled yellow-orange/ med gray/med
brown SILTY CLAY trace to little

med to fine sand trace gravel

cL

DA NSNNAR I IS NNANNN NN AN A

N/A N/A

325

N/A N/A

MATATTRAGINAAAARRARRRRRNAR Y

ANANANAMANANRARRARROANNRARRNNRNN

475

Boring location 12 east of MW 3A
note soil samphing conducted

w/ 5 long continuous Laske
Samplers and acetate tubes

Bo ehole abandoned w/ Be seal
bentonite slurry Slurry was tremie
pumped through auger filghts

DRRLRAIG CME75
DRILLING CONTRACTOR  AQUADRILL
DRILLER M kClaasse

Golder Associates

LOGGED JGC
CHECKED JGC
DATE  6/25/98




PROJECT McGRAW EDISON SITE

RECORD OF BOREHOLE GB 1a

SHEET 1 OF 1

PROJECT LOCATION CENTERVILLE IOWA BORING DATE  5/5/98 DATUM
PROJECT NUMBER 986-1083 BORING LOCATION N/A COORDINATES
GROUND ELEVATION NA TOC ELEVATION NA
g |g SOIL PROFILE SAMPLES NOTES/WELL SKETCH
b4 I [G)
i E 2 Eev | & E
£a 2 DESCRIPTION 8¢ 2! g | eowsy N
8 | & S| &{oerm| 2| * & g
o c
o o]
~ 0
Bonng locahon 7 east of
0-30 bgs GB-1 19 east of MW 3A.
for soil descniption Note This bonng was designed to retneve
see soll boring log GB-1 a sample from the upper sand located n
~29-35 bgs Sampling started at 30 bgs
Borehole abandoned w/ Benseal bentonite
sl rry Slurry was tremied after removing
auger fiights
~ s
~ 10
«
- 5] &
=]
<
=
w
=
w
z
o]
>
o]
I
o
2| &
<
25
30 30 0-30 3 ft_mo st very Sulf hard med o 3000
gray/yellow-orange SILTY CLAY trace med | sy |
to fine sand
303 31 3 ft_wet dark yellow-orange coarse | o
to f ne SAND iittle to some clayey s it,
trace gravel 1 DO N/A N/A | 25/5
31 3-32 5t moist VERY STIFF HARD
mottled med gray/yeliow-orange SILTY
CLAY trace med to fine sand trace gravel
325350t no recovery
35
Bonng terminated @35 O bgs 3500
40

DRILLRAIG CME75
DRILLING CONTRACTOR AQUADRILL
DRILLER Mark Claas

Golder Associates

LOGGED JGC
CHECKED JGC
DATE  6/25/98




PROJECT McGRAW EDISON SITE

RECORD OF BOREHOLE GB 1

SHEET 2 OF 2

PROJECT LOCATION CENTERVILLE \OWA BORING DATE 5/4/98 DATUM
PROJECT NUMBER 986-1083 BORING LOCATION N/A COORDINATES
GROUND ELEVATION NA TOC ELEVATION NA
w |8 SOIL PROFILE SAMPLES NOTES/WELL SKETCH
< I
Q E 8
25| ¥ o |2lee | & £
2K DESCRIPTION g1¢ 2| g | sows) |n|E
8| £ > &foeen| 2 | F s g
o « o
m 6]
- 40
40 O to 41 Oft wet yellow-orange 40 00
| med to fine SAND and SILTY CLAY seret %
41010 550 ft wet dark yellow orange 4100
well sorted fine SAND trace to
Iitle clayey silt 9 | oo N/A NiA | 32ss
~ 45
10 [a]e] N/A N/A | 3/5
SM
= 50
11 DO N/A N/A | 2/5
T
w
5]
2
<
[ 55| & 5501056 0k momstTrm dark med-gray kwmd 55 00
% |CLAYEY SILT and very fine SAND
2 |[560t0685ft 56 00
9 | wet dark yellow-orange
= | well sorted f ne SAND
2 | trace to Iittle clayey s It 12| Do N/A N/A | 175
=)
9
<
= 60
M 13| DO NA NA | o
- &5
14 { DO N/A N/A | 155
68 5to 70 Oft ,/3 68 50
moist hard med-brown e P4
L o SILTY CLAY, trace fine sand %9
7 700 to 72 5t 7000
wet yellow-orange coarse to
fine SAND trace clayey Silt. SM 15 [ole} N/A N/A | 25/
25
72 5 bgs Auger Refusal 72%0
Limestone Fragments
- 75
- 80

DARWLLARIG CME75
DRILLING CONTRACTOR  AQUADRILL
DRILLER  Mark Claasse

Golder Associates

LOGGED JGC
CHECKED JGC
DATE  6/25/98




JUNE 1998 IC3 3808 102
GSL /986 1083 ENVIROGEN / 1A
SUMMARY OF SOIL DATA
Sample Gran Size
Identfication Soil Natural Atterberg Distnbution Compaction Additional
Bormng | Sample | Sample Sample Classt | Mosture Limits % Finer | % Finer | % Finer | Maxamum| Optimum Umt Weight | Permeabihity Tests
Number | Number Type Depth fication % No 4 No 200 005 ry Densit| Mosture Mmsture’ Dry (cm/sec) | Conducted
LL{PL{PI | LI Sieve Sieve mm (b/cuft) % Gs % (b/cuft) (See Notes)
GB 1 SA 8 Bag 350 397 CL 191 330|150 180 { 023 100 0 671 335 271
GB 1 SA 9 Bag 410 432 sp 100 0 25 2 66 R
GB 1 | SA 10 Bag 450 480 SP SM 100 0 57 272 R
GB 1| SA 11 Bag 550 560 ML 298 NP | NP | NP | NP 100 0 836 130 269
GB 1 | SA 14 Bag 685 700 CL 158 360150 {210} 006 99 4 679 380 272
GB 1 | SA 15 Bag 700 725 SP SM 999 72 269 R L
GB 1 | COL-253 Bag 285 319 se SM 100 0 110 271
IRON 161 Bag SP 100 0 13 695
ABBREVIATIONS LIQUID LIMIT (LL) NOTES T = TRIAXIAL TEST
PLASTIC LIMIT (PL) U = UNCONFINED COMPRESSION TEST
PLASTICITY INDEX (PI) C = CONSOLIDATION TEST
LIQUIDITY INDEX (LI) DS = DIRECT SHEAR TEST

SPECIFIC GRAVITY (Gs)
MOISTURF (Mc)

= ORGANIC CONTENT
= pH

RESISTIVITY

L = LEAK OFF

~wOo

Golder Construction Services Inc



PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

3 2 | 1 375 # ” #16 #30 #50 #100 #200

Golder Construction Services Inc

100 + Tt '\i\‘::::::
N
90
80 R
o \
’ \
. \
A
S
S so
1
N
G 40 \
30
20
\
10 ol
0
1000 10 Gram size 18 millimeters 01 001 0 001
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Gravel SAND FINES
SAMPLEID| GB 1 COL 253 LL
SAMPLE TYPE Bag PL
SAMPLE DEPTH 285 319 PI
DESCRIPTION|Yellow MEDIUM TO FINE SAND little clayey silt
(DESORPTION TEST SAMPLE)
SPSM_|
Cu = D60/D10 = 0 38/0 07 = 543 <6
Cc = D30 2/(D60 DI0) = 019 2/(0.38 0 07) = >
GSL/986-1083 ENVIROGEN /1A TECH| 1=
DATE| 6/23/98
CHECK| ¢ A
REVIEW| Jnjn
=7




ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE GSL/986 1083 ENVIROGEN /IA J SAMPLE ID GB 1 L COL-253
PROJECT NO IC3 3808 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 285 319
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Dehvered Moisture) Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soul & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) (w3) Moisture Content (9)
Weight of Water (gm) (wd=wl w2) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weght of Dry Soul (gm) (W5=w2 w3) Weight Of Sample (gm) 541 58
Mossture Content () (wd/w5)*100 Tare Weight (gm) 114 13
(W6) Total Dry Weight (gm) 427 45
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt Tare) (7 Retained) 9 PASS SIEVE
000 K +Tare {(wtrevw6) 100 (100-7 ret)
120 120 cobbles
30 30 coarse gravel
25 25 coarse gravel
20 20 coarse gravel
15 15 coarse gravel
10 10 coarse gravel
075 075 fine gravel
050 050 fine gravel
0375 0375 fine gravel
#4 0 00 0 00 000 100 00 #4 coarse sand
#8 411 411 0 96 99 04 #8 coarse sand
#16 12 98 12 98 304 96 96 #16 medum sand
#30 64 83 64 83 15 17 84 83 #30 medium sand
#50 218 50 218 50 5112 48 88 #50 fine sand
#100 343 87 343 87 80 45 19 55 #100 fine sand
#200 380 57 380 57 89 03 10 97 #200 fines
PAN PAN
7 COBBLES 0 00
% C GRAVEL 0 00 Descniptive Terms > 10% mostly coarse (c)
% F GRAVEL 0 00 trace 0to 59 > 10% mostly medium (m) LL
7 CSAND 146 Little 51 12% < 10% fine (c-m) PL
7 M SAND 3159 some 12 to 309 < 10% coarse (m f) PI
% F SAND 5598 and 30to0 50% < 10% coarse and fine (m) Gs 2 706
% FINES 1097 < 10% coarse and medwum (f)
9 TOTAL 100 00 > 10% equal amounts each (c-f)
DESCRIPTION |Yellow MEDIUM TO FINE SAND lttle clayey silt
(DESORPTION TEST SAMPLE)
USCS | __SP-SM l TECH LB
DATE 6/23/98
CHECK (Al
REVIEW 14 %U ,

Golder Construction Services Inc



SPECIFIC GRAVITY OF SOILS

ASTM D 854
PYCNOMETER METHOD
PROJECT TITLE GSL / 986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3 3808 SAMPLEID | 6B 1 |cCoOL2s3
SAMPLE TYPE Bag
TESTED FOR | SPECIFIC GRAVITY B SAMPLE DEPTH 285 319
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare Inntal (gm) wn| 1763 AIR REMOVAL
Weight Soil and Tare Final (gm) (W2) 17 62 METHOD
Weight Of Tare (gm) (W3) 323
Weight Of Moasture (gm) Wé=W1 W2) 001
Weight Of Dry Sou (gm) W5=W2 W3) 14.39
Hygroscopic Moisture In (7) HM=(W4/W5) 100) 01%
Tnal 1 2 3
Pycnometer Number 10
Weight Pycnometer Empty (gm) ™MD 209 08
Weight of Soil & Pycnometer (gm) 262 73
Weight of Soil Water & Pycnometer (gm) (Mb)[ 740 99
Observed Temperature (Tb) for (Mb) In Degrees C 240
Observed Temperature (Ta) for (Ma) In Degrees C 23 00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 707.30
Relauive Density of Water @ (Ta) 0 99757
Relative Density of Water @ (Tx) 099732
Correction Factor due to Temperature @Tx (K) 0 9991
Weight of Soil (gm) 53 65
Weight of Dry Soil (gm) (Mo) 53 61
Weight of Pycnometer & Water (gm) (Ma) 707 18
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+((Ma Mb)]*(K) | 2706] | | 2706
Temp (C) Rel Density Corr (K) Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007 23 50 0 99745 0 9992
16 50 0 99889 1 0007 24 00 099732 09991
17 00 0 99880 1 0006 24 50 099720 0 9990
Correction Values 17 50 0 99871 1 0005 2500 0 99707 0 9988
Due To Temperature 18 00 0 99862 1 0004 25 50 0 996594 09987
18 50 0 99853 1 0003 26 00 0 99681 09986
19 00 0 99843 1 0002 26 50 0 99668 09984
19 50 0 99833 1 0001 27 00 0 99654 0 9983
20 00 0 99823 1 06000 27 50 0 99640 09982
20 50 099812 0 9999 28 00 0 99626 09580
21 00 0 99802 09998 28 50 099612 09979
2150 099791 09997 29 00 0 99597 09977
22 00 0 99780 0 9996 29 50 0 99582 09976
22 50 0 99768 0 9995 30 00 0 99567 09974
23 00 0 99757 09993 TECH LB
DATE | 6/23/98
CHECK | (AU
REVIEW | (4w
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES

12 . 3| 1 75 375 #4 #10 #20 #40 #60 ﬂ}OO #2.00
100 T LI LS $ L ‘r : l \ L] : :’ : : ‘; 4 : T
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50
40 \‘M
N
30 \\
20
10
0
1000 100 10 1 01 001 0001
Grain size 1n millimeters
Coarse | Fine Cor | Med |  Fine SILT OR CLAY
Boulders { Cobbles Gravel SAND FINES
SAMPLEID| GB 1 SA 8 LL 33
SAMPLE TYPE PL 15
SAMPLE DEPTH 350 397 PI 18
DESCRIPTION]| Yellowish Brown and Gray SILTY CLAY
and medium to fine sand,
USCS] CL I
GSL/ 986 1083 ENVIROGEN/ 1A TECH TF
I1C3-3808 DATE| 5729Mm8
REVIEW A

Golder Construction Services, Inc



ASTM GRAIN SIZE ANALYSIS
ASTM C117 C136 D421 D422 D1140 and D2217

PROJECT TITLE GSL/ 986-1083 ENVIROGEN/ 1A 1 SAMPLE ID GB 1 | SA 8
PROJECT NO IC3 3308 | SAMPLE TYPE Bag
SAMPLE DEPTH 350 397
AS RECEIVED WATER CONTENT Hygroscopic Moisture Wet Soil & Tare (gm) 116 60
Tar N For Sieve Sample Dry Soil & Tare (gm) 11495
Wt W tSo01 & Tare (gm) w1y 58353 Tare Weight (gm) 322
Wt. Dry Soil & Tar (gm) w2)] 50349 Morsture Content ( 4) 148
W ghtof Tar (gm) w3) 84 59 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
Weight of Water (gm) (Wa-W1 wW2) 80 04 Weght + Tare, Before Separating On The #4 Sieve (gm)] 934 14
W ght of Dry So I (gm) ws w2w3)l 41890 Tare Weight (gm)| 233 75
Mostur Content (/) wawsy 100] 1911 Total W ght (gm)] 69020 |(W6)
Plus #4 Matenal] Sieve (Wt+Tare)  (((Wt TareyW6)*100) %PASSING
TARE WEIGHT 120 120 cobbles
30 30 coarse gravel
25 2.5 coarse gravel
20 20 coarse gravel
15 1.5 coarse gravel
10 10 coarse gravel
075 075  fine gravel
0.50 0.50 fine gravel
0375 0375  fine gravel
#4 000 00 1000 #4 coarse sand
HYDROMETER ANALYSIS
Weight of Sample Used For Hydrometer Test
Specyf  Grawaty (assumed)
Specif ¢ Grawaty (tested) 2713 W ght fSampl Wet or Dry (gm) 5219
Amount Dispersing Agent (mi) 12500 Calculated Dry Wt. used 1n test (gm) 5143
Type Dispers on Dev ce Mechanical Hydrometer Bulb Number 624378
Length of Dispers on Penod 1 Minute / Pass #4 S eve For Whole Sampl 100 00
TARE WEIGHT HYDROMETER BACKSIEVE (Percent Passing #10  #200 Sieves)
Cumu! Wt.
(Wt+Tare) Retained / PASSING
#10 204 27 115 97.8 #10 medium sand
#20 205 63 251 95.1 w20 medyum sand
H40 207 80 468 909 #40 fine sand
#60 21119 807 84.3 #60 fine sand
#100 21519 1207 76.5 #100 fine sand
#200 220 05 16 93 671 #200  fines
HYDROMETER CALCULATIONS
DATE TIME ET READING TEMP TEMP COR. HYD COR READING | EFFECTIVE
6/1/98 12 04 (mun) R T K Ce C LENGTH A
6/1/98 12 06 200 335 2200 0013 450 2900 115 099
6/1/98 1209 500 295 2200 0013 450 2500 122 099
6/1/98 1219 1500 260 2200 0013 450 2150 129 099
6/1/98 12 34 3000 240 2200 0013 450 19 50 132 099
6/1/98 1304 60 00 225 2200 0013 450 18 00 133 099
6/1/98 16 14 250 00 205 2200 0013 450 16 00 137 099
6/2/98 12 04 1440 00 180 2200 0013 4 50 13 50 142 099
GRAIN SIZE PERCENTAGES
Particle Diameter / PASSING | 4 COBBLES 000 Description|Yeliowish Brown and Gray SILTY CLAY
00314 558 % COARSE GRAVEL 000 and medsum to fine sand.
00205 481 % FINE GRAVEL 000 USCS] CL [
00121 414 % COARSE SAND 224
00087 375 % MEDIUM SAND 6 86 33 LL
00062 346 % FINE SAND 23 82 15 PL
00031 308 % FINES 6708 18 PI TECH TF
00013 260 % TOTAL SAMPLE 100 00 DATE] 5/29/98
el Zin
REVIEW M

Golder Construction Services, Inc



SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE GSL / 986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3-3808 SAMPLEID| GB 1 | sa 8
SAMPLE TYPE Bag

TESTED FOR 1 SPECIFIC GRAVITY | SAMPLE DEPTH 350 397
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE

Weight Soil and Tare Inital (gm) (wn)| 16091 AIR REMOVAL

Weight Soil and Tare Final (gm) W2)| 15977 METHOD

Weight Of Tare (gm) w3)| 5149

Weight Of Moisture (gm) wa=w1w2)| 114

Weight Of Dry Soil (gm) Ws=Ww2w3)] 10828

Hygroscopic Mossture In (%) (HM = (W4/W5)*100) 11%

Tral 1 2 3

Pycoometer Number 13 19 23

Weight Pycnometer Empty (gm) MmhH| 171 39 176 36 176 23

Weight of Soil & Pycnometer (gm) 223 39 228 52 228 43

Weight of Soil Water & Pycnometer (gm) (Mb)| 701 96 707 08 707 07

Observed Temperature (Tb) for (Mb) In Degrees C 240 240 240

Observed Temperature (Ta) for (Ma) In Degrees C 2300 2300 2300

Weight of Pycnometer & Water (gm) (Ma @ Ta) 669 78 674 46 674 49

Relative Density of Water @ (Ta) 0 99757 0 99757 0 99757

Relanve Density of Water @ (Tx) 0 99732 0 99732 0 99732

Correction Factor due to Temperature @Tx K) 0 9991 0 9991 09991

Weght of Soil (gm) 52 00 5216 5220

Weight of Dry Soul (gm) (Mo) 51 46 51 62 51 66

Weight of Pycnometer & Water (gm) {Ma) 669 66 674 34 674 37
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo +((Ma Mb))]*(K) [ 2684 2733 | 2723 | 2713 "

Temp (C) Rel Density Corr (K) Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007 23 50 099745 0 9992
16 50 0 99889 1 0007 24 00 099732 0 9991
17 00 0 99880 1 0006 24 50 0 99720 0 9990
Correction Values 17 50 0 99871 1 0005 2500 0 99707 09988
Due To Temperature 18 00 0 99862 1 0004 2550 0 99694 0 9987
18 50 0 99853 1 0003 26 00 0 99681 0 9986
19 00 0 99843 1 0002 26 50 0 99668 0 9984
19 50 0 99833 1 0001 2700 0 99654 0 9983
20 00 0 99823 1 0000 2750 0 99640 0 9982
20 50 0 99812 0 9999 28 00 0 99626 0 9980
2100 0 99802 09998 28 50 0 99612 09979
2150 099791 09997 29 00 0 99597 09977
2200 0 99780 0 9996 29 50 0 99582 09976
22.50 0 99768 0 9995 30 00 0 99567 09974
2300 0 99757 0 9993 TECH “TF

DATE | 5/30/98

CHECK | A~

REVIEW [ ("M
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ATTERBERG LIMITS
ASTM D318
PROJECT TITLE | GSL/986-1083 ENVIROGEN/IA | SAMPLE ID GB1 | sas
PROJECT NUMBER IC33808 | SAMPLE TYPE Bag
SAMPLE DEPTH 350 397
SAMPLE PREPARATION
Wet or Dry [y ] Minus #40 Sieve
PLASTIC LIMIT DETERMINATION NATURAL MOISTURE
Weight of Wet Soil & Tare (gm) o 2679 | 2742 | 2480 583 53
Wexght of Dry Soil & Tare (gm) w2l 2483 | 2539 | 2304 503 49
Weight of Tare (gm) oyl 1179 | 1184 | 1136 84 59
Weight of Water (gm) Wa=wiwz)| 196 203 176 80 04
Weaght of Dry Soil (gm) ws=waw3)| 1304 | 1355 | 1168 418 90
Water Content 4 wa/ws) 100 1503 14 98 1507 1911
LIQUID LIMIT DETERMINATION
Number of Blows 32 23 24 16 NOTE
Weight of Wet Soil & Tare (gm) we)| 1608 20 60 13 81 1911
Weight of Dry Soil & Tare (gm) wn| 1326 16 57 11 39 1519
Weght of Tare (gm) ws)| 426 433 419 435
Weight of Water (gm) Wo=We-WT)l 282 403 242 392
Wezght of Dry Soil (gm) wio=w7 wa)[ 900 1224 | 720 10 84
Water Content % (wW9rw10) 00| 31 33 3292 3361 36 16
39
~ 37
=
Z B
& N
&)
;]
g 33
e
s 31 N
29
10 20 25 30 40 100
NUMBER OF BLOWS
LIQUID LIMIT (WT) 3295 33 DESCRIPTION| Yellowish Brown and Gray SILTY CLAY
PLASTIC LIMIT (Wp) 1503 15 and medium to fine sand.
PLASTICITY INDEX (Ip) 18
LIQUIDITY INDEX (I) 023 UsCs| CL [
MOISTURE CONTENT 19 11 TECH| GM
DATE| 6/1/98
CHECK g'#’ _

Golder Construction Services, inc




~

DZ~nnp»w

PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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Gram size in milhimeters
Coarse | Fune Cor | Med |  Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLEID| GB 1 SA 1L
SAMPLE TYPE Bag PL
SAMPLE DEPTH 410 432 Pl
DESCRIPTION|Browsh Yellow FINE SAND trace silt.
USCS sp |
Cu=D60DI0=  021/012 =175 <6
Cc=D30°2/D60 D10) = 0 17°2/(0 21*0 12) =115 >1
GSL/ 986-1083 ENVIROGEN/ 1A TECH TF
IC3 3808 DATE| 6/1/58
CHECK

REVIEW

Golder Construction Services, Inc



ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE GSL/ 986-1083 ENVIROGEN/ JA ] SAMPLE ID GB1 | SsA 9
PROJECT NO IC3 3308 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 410 432
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) (w3) Moisture Content (¥)
Weight of Water (gm) (wd=wl w2) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weght of Dry Soil (gm) (W5=w2 w3) Weight Of Sample (gm) 969 31
Moaisture Content (%) (wa/w5)*100 Tare Weight (gm) 11372
(W6) Total Dry Weight (gm) 85559
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt Tare) (%Retamned) % PASS SIEVE
000 ] +Tare (s reiwey100)  (100-%ret)
120 120 cobbles
30 30 coarse gravel
25 25 coarse gravel
20 20 coarse gravel
15 15 coarse gravel
10 10 coarse gravel
075 07s fine gravel
050 050 fine gravel
0375 0375 fine gravel
#4 #4 coarse sand
#8 #8 coarse sand
#16 000 000 000 100 00 #16 medium sand
#30 018 018 002 99 98 #30 medium sand
#50 3748 3748 438 95 62 #50 fine sand
#100 733 99 73399 8579 14.21 #100 fine sand
#200 83429 83429 97 51 249 #200 fines
PAN 855 06 855 06 99 94 006 PAN
% COBBLES 0 00
% C GRAVEL 0 00 Descriptive Terms > 10% mostly coarse (¢}
% F GRAVEL 000 trace 0to5% > 10% mostly medium (m) LL
/0 C SAND 000 Little Sto 12% < 10% fine (c-m) PL
% M SAND 219 some 12 to 30% < 10% coarse (m f) PI
% F SAND 95 32 and 30 to 50% < 10% coarse and fine (m) Gs 2 660
/ FINES 249 < 10% coarse and medium (f)
% TOTAL 100 00 > 10% equal amounts each (c-f)
DESCRIPTION |Brownsh Yellow FINE SAND trace stlt.
USCS | Sp I TECH TF
DATE 6/1/98
CHECK V/a\" %%
REVIEW |  {Ju Aq
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE GSL / 986-1083 ENVIROGEN / 1A
PROJECT NUMBER 1C3-3808 SAMPLEID | GB 1 | sA 9
SAMPLE TYPE Bag
TESTED FOR ] SPECIFIC GRAVITY | SAMPLE DEPTH 410432
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare Inxtal (gm) wn| 3558 AIR REMOVAL
Weight Soit and Tare Final (gm) w2) 35 54 METHOD
Weight Of Tare (gm) w3 318
Weight Of Mossture (gm) (W4=W1 W2) 0 04
Wexght Of Dry Soil (gm) ws=w2w3)| 3236
Hygroscopic Moisture In (%) (HM = (W4/W5)*100) 01%
Tral 1 2 3
Pycoometer Number 1 2 4
Weight Pycnometer Empty (gm) Mf)| 178 52 201 25 208 47
Weight of Soil & Pycnometer (gm) 193 72 216 79 224 58
Weight of Soil Water & Pycnometer {(gm) Mb){ 686 09 709 04 716 53
Observed Temperature (Tb) for (Mb) In Degrees C 240 240 240
Observed Temperature (Ta) for (Ma) In Degrees C 23 00 23 00 24 00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 676 63 699 49 706 58
Relative Density of Water @ (Ta) 0 99757 0 99757 0 99732
Relative Density of Water @ (Tx) 0 99732 0 99732 0 99732
Correction Factor due to Temperature @Tx (K) 0 9991 0 9991 0 9991
Weight of Soil (gm) 15 20 15 54 16 11
Weight of Dry Soul (gm) (Mo) 1518 15 52 16 09
‘Weight of Pycnometer & Water (gm) (Ma) 676 51 699 37 706 58
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+((Ma MDb)I*(K) [ 2710] 2653 2618 | 2660 |
Temp (C) Rel.Density Corr (K) || Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007 23 50 0 99745 09992
16 50 0 99889 1 0007 2400 099732 09991
17 00 0 99880 1 0006 24 50 0 99720 09990
Correction Values 17 50 0 99871 1 0005 2500 0 99707 0 9988
Due To Temperature 18 00 0 99862 1 0004 2550 0 99694 0 9987
18 50 0 99853 1 0003 26 00 0 99681 0 9986
19 00 0 99843 1 0002 26 50 0 99668 0 9984
19 50 0 99833 1 0001 2700 0 99654 09983
20 00 0 99823 1 0000 27 50 0 99640 0 9982
20 50 0 99812 0 9999 28 00 0 99626 0 9980
21 00 0 99802 0 9998 28 50 0 99612 0 9979
21 50 099791 0 9997 2900 0 99597 09977
2200 099780 0 9996 29 50 0 99582 0 9976
2250 0 99768 0 9995 30 00 0 99567 09974 _
2300 0 99757 09993 TECH TF
DATE 6/1/98
CHECK | /WA
REVIEW [ o
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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Grain size in millimeters
Coarse | Fme Cor | Med |  Fme SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLEID| GB 1 SA 10 LL
SAMPLE TYPE Bag PL
SAMPLE DEPTH 450 480 PI
DESCRIPTION | Brownish Yeltow FINE SAND lIrttle sift.
USCS| sp-sM |
Cu=D60/D10=  021/0085 = 247 <6
Cc = D30"2/(D60 D10)= 0 1572/(0.21%0 085) = 126 >1
GSL/ 986-1083 ENVIROGEN/ JA TECH TF
IC3 3808 DATE] 6/158
CHECK| / AV
REVIEW 1o M

Golder Construction Services, Inc




ASTM GRAIN SIZE ANALYSIS
ASTM D 421,D 2217,D 1140, C 117, D 422, C 136
PROJECT TITLE GSL/ 986-1083 ENVIROGEN/ 1A | SAMPLE ID GB 1 | SA 10
PROJECT NO IC3 3808 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 45.0 48.0
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wt Wet Soil & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) (w3) Moisture Content (%)
Weight of Water (gm) (wd=wl w2) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight of Dry Soil (gm) (W5=w2 w3) Weight Of Sample (gm) 961 30
Moisture Content (/) (wd/w5) 100 Tare Weight (gm) 114 27
(W6) Total Dry Weight (gm) 84703
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt Tare) (¥ Retamned) ¥ PASS SIEVE
000 B +Tare {(revwe)*100;  (100-%ret)
120 120 cobbles
30 30 coarse gravel
25 25 coarse gravel
20 20 coarse gravel
15 15 coarse gravel
10 10 coarse gravel
075 075 fine gravel
050 050 fine gravel
0375 0375 fine gravel
#4 #4 coarse sand
#8 000 000 000 100 00 #8 coarse sand
#16 007 007 001 99 99 #16 medium sand
#30 081 081 010 99 %0 #30 medium sand
#50 830 830 098 99 02 #50 fine sand
#100 597 59 597 59 70 55 2945 #100 fine sand
#200 799 11 799 11 94 34 S 66 #200 fines
PAN 846 31 846 31 99 91 009 PAN
% COBBLES 000
/ C GRAVEL 000 Descriptive Terms > 10% mostly coarse (c)
% F GRAVEL 000 trace 0to 5% > 10% mostly medium (m) LL
¥ C SAND 000 Little 5to0 12% < 10¥ fine (c-m) PL
% M SAND 053 some 12 to 30% < 10% coarse (m f) Pl
% F SAND 93 81 and 30 to 50% < 10% coarse and fine (m) Gs 2.717
¥ FINES 566 < 10¥ coarse and medium (f)
% TOTAL 100 00 > 10% equal amounts each (c-f)
DESCRIPTION |Brownish Yellow FINE SAND lttle silt.
USCSs | SP-SM [ TECH TF
DATE 6/1/98
CHECK N\
REVIEW ProMm
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE GSL / 986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3 3808 SAMPLEID [ GB 1 | sA 10
SAMPLE TYPE Bag
TESTED FOR { SPECIFIC GRAVITY - SAMPLE DEPTH 450 480
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare Inmtal (gm) 7)) 185 95 AIR REMOVAL
Weight Soil and Tare Final (gm) w2 18575 METHOD
Weight Of Tare (gm) (W3) 5162
Weight Of Moisture (gm) (Wé4=W1 W2) 020
Weight Of Dry Soil (gm) (WS=W2 W3) 13413
Hygroscopic Moisture In (7) HM=(W4/W5) 100) 01%
Tnal 1 2 3
Pycnometer Number 21 24 2§
Weight Pycnometer Empty (gm) M| 1770s 171 40 177 66
Weght of Soil & Pycnometer (gm) 229 50 22323 228 70
Weight of Soil Water & Pycnometer (gm) Mb)| 70797 702 20 707 84
Observed Temperature (Tb) for (Mb) In Degrees C 250 250 250
Observed Temperature (Ta) for (Ma) In Degrees C 23 00 22 00 23 00
Weight of Pycnometer & Water (gm) Ma @ Ta) 67519 669 80 675 81
Relative Density of Water @ (Ta) 0 99757 0 99780 0 99757
Relative Density of Water @ (Tx) 0 99707 099707 0 99707
Correction Factor due to Temperature @Tx (X) 0 9988 0 9988 0 9988
Weight of Soil (gm) 52 45 5183 5104
Weght of Dry Soil (gm) (Mo) 5237 5175 50 96
Weight of Pycnometer & Water (gm) (Ma) 674 94 669 44 675 56
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+((Ma Mb))]*(K) | 2704] 2722|2724 2717
Temp (C) Rel Density Corr (K) Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007 23 50 0 99745 09992
16 50 0 99889 1 06007 24 00 099732 09991
17 00 099880 1 0006 24 50 099720 09990
Correction Values 17 50 099871 1 0005 25 00 0 99707 0 9988
Due To Temperature 18 00 099862 1 0004 2550 0 99694 09987
18 50 0 99853 1 0003 26 00 0 99681 09986
19 00 099843 1 0002 26 50 0 99668 09984
1950 099833 1 0001 2700 0 99654 09983
20 00 099823 1 0000 27 50 0 99640 09982
20 50 099812 0 9999 23 00 0 99626 0 9980
21 00 099802 0 9998 28 50 099612 09979
2150 099791 09997 29 00 0 99597 09977
22 00 0 99780 0 9996 29 50 099582 09976
22 50 0 99768 0 9995 30 00 099567 09974
23 00 099757 0 9993 TECH TF
DATE | 6/3/98
CHECK | { A\W/
REVIEW | Pdom
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422

US STANDARD SIEVE OPENING SIZES
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Grain size in milhmeters
Coarse | Fine Cor [ Med |  Fme SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLEID| GB 1 SA 11 LL NP
SAMPLE TYPE Bag PL NP
SAMPLE DEPTH 550 560 Pl NP
DESCRIPTION|Olive Brown, CLAYEY SILT some fine sand.
uscs{ _ wL |
GSL/ 986-1083 ENVIROGEN/ IA TECH TF
1C3-3808 DATE| sn9m8
CHECK| (W
REVIEW| P& M
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ASTM GRAIN SIZE ANALYSIS
ASTM C117 C136 D421 D422 D1140 and D2217

PROJECT TITLE GSLJ 986-1083 ENVIROGEN/ 1A | SAMPLE ID GB 1 | sali
PROJECT NO IC3 3808 | SAMPLE TYPE Bag
SAMPLE DEPTH 550 S60
AS RECEIVED WATER CONTENT Hygroscopic Moisture Wet Soil & Tare (gm) 2897
Tare N For Sieve Sample Dry So 1 & Tare (gm) 2879
Wi Wet Soul & Tar (gm) vl 38512 Tare Weight (gm) 317
Wt Dry So 1 & Tar (gm) w2l 31629 M isture Content (%) 070
Weight of Tare (gm) (W3)] 8535 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
We ght of Water (gm) wa-w1 w2)l 6883 Weght + Tare, Before Separating Op The #4 S eve (gm)| 568 18
W 1ght of Dry So 1 (gm) (ws-w2 w3)| 23094 Tare Weight (gm)| 235 49
M istur Content (/) waws) 100] 29 80 Total Wesght (gm)] 33037 |(we)
Pius #4 Matenial Sieve (WibTar ) (WL TacyW6)*100)  %PASSING T
TARE WEIGHT 120 120 cobbles
30 30 coarse gravel
28 2.5 coarse grav |
20 20 coarse gravel
15 1.5 coarse gravel
10 10 coarse grav |
075 075 fine gravel
0.50 0.50 fine gravel
0.375 0375 fine gravel
#4 000 00 1000 #4 coarse sand
HYDROMETER ANALYSIS
Weight of Sample Used For Hydrometer Test
Specif Grawity (assumned)
Specil  Grawity (tested) 2686 Weight of Sarapl Wet o Dry (gm) 52 80
Amount Dispersing Agent (ml) 125 00 Calculated Dry Wt. used n test (gm) 5243
Type Dispers on Device Mechanical Hydrometer Bulb Number 624378
Length fDispers  Penod 1 Minute / Pass#4Sev ¥ Whol Sampl 100 00
TARE WEIGHT HYDROMETER BACKSIEVE (Percent Passing #10 #200 Sieves)
Cumnul Wt.
(Wi+Tare) Retaned / PASSING
#10 203 14 000 100 0 #10 mediumn sand
#20 203 20 006 999 #20 medium sand
#40 20325 011 99.8 #40 fine sand
#60 203 47 033 994 #60 fine sand
#100 204 37 123 977 #100 fine sand
#200 21175 861 836 #200 fines
HYDROMETER CALCULATIONS
DATE TIME ET READING | TEMP TEMP COR. HYD COR. READING | EFFECTIVE
6/1/98 12 02 (mun) R T K Cc C LENGTH A
6/1/98 12 04 200 28S 2200 0013 450 2400 12.4 100
6/1/98 1207 500 200 2200 0013 450 15 50 138 100
6/1/98 1217 1500 150 2200 0013 450 10 50 147 100
6/1/98 12.32 3000 130 2200 0013 450 850 150 100
6/1/98 1302 60 00 115 2200 0013 450 700 152 100
6/1/98 1612 25000 110 2200 0013 450 650 153 100
6/2/98 1202 1440 00 100 2200 0013 450 550 155 100
GRAIN SIZE PERCENTAGES
Particle Drameter % PASSING |4 COBBLES 000 Description|Olive Brown, CLAYEY SILT some fine sand.
00326 asg % COARSE GRAVEL 000
00218 296 % FINE GRAVEL 000 USCS ML |
00130 200 % COARSE SAND 000
00093 162 % MEDIUM SAND 021 NP LL
00066 134 % FINE SAND 16 21 NP PL
00032 124 % FINES 83 58 NP PI TECH TF
00014 105 % TOTAL SAMPLE 100 00 DATE| 5/29/98
CHECK| / ANV
REVIEW | Pl
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE GSL / 986-1083 ENVIROGEN / IA
PROJECT NUMBER 1C3-3808 SAMPLEID| 68 1 | san
SAMPLE TYPE Bag
TESTED FOR | SPECIFIC GRAVITY SAMPLE DEPTH 550 560
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare Imtal (gm) Wn) 15510 AIR REMOVAL
Weight Soil and Tare Final (gm) (wW2) 154 37 METHOD
Weight Of Tare (gm) w3)| 5112
Weight Of Moisture (gm) (W4=W1 W2) 073
Weaght Of Dry Soil (gm) ws=w2w3)[ 10325
Hygroscoptc Mossture In (%) (HM = (W4/W5)*100) 07%
Tnal 1 2 3
Pycnometer Number 8 9 16
Weight Pycnometer Empty (gm) Mf)] 178 87 177 37 178 82
Weght of Soil & Pycnometer (gm) 231 21 229 42 231 07
Weight of Soil Water & Pycnometer (gm) (Mb)] 709 48 708 14 709 53
Observed Temperature (Tb) for (Mb) In Degrees C 250 250 250
Observed Temperature (Ta) for (Ma) In Degrees C 24 50 23 00 23 00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 677 15 675 71 677 15
Relative Density of Water @ (Ta) 0 99720 0 99757 0 99757
Relative Density of Water @ (Tx) 0 99707 0 99707 0 99707
Correction Factor due to Temperature @Tx K) 0 9988 0 9988 0 9988
Weght of Soul (gm) 52 34 52 05 52 25
Weight of Dry Soil (gm) (Mo) 51 97 51 68 51 88
Weaght of Pycnometer & Water (gm) (Ma) 677 09 675 46 676 90
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+((Ma Mb))]*(K) [ 2652] 2716 2692 268 |
Temp (C) Rel Density Corr (K) Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007 23 50 0 99745 0 9992
16 50 0 99889 1 0007 2400 099732 0 9991
17 00 0 99880 10006 24 50 0 99720 0 9990
Correction Values 17 50 0 99871 1 0005 2500 0 99707 0 9988
Due To Temperature 18 00 0 99862 1 0004 25 50 0 99694 09987
18 50 0 99853 10003 26 00 0 99681 0 9986
19 00 0 99843 1 0002 26 50 0 99668 09984
19 50 099833 1 0001 2700 0 99654 09983
20 00 099823 1 0000 27 50 0 99640 09982
20 50 0 99812 09999 28 00 0 99626 0 9980
2100 0 99802 09998 28 50 099612 09979
2150 0 99791 09997 29 00 0 99597 09977
22 00 0 99780 0 9996 29 50 0 99582 09976
2250 0 99768 0 9995 30 00 0 99567 0 9974
23 00 0 99757 09993 TECH[ TF |
DATE | 5/30/98
CHECK
REVIEW ﬁ%m
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ATTERBERG LIMITS
ASTM D318
PROJECT TITLE | GSL/986-1083 ENVIROGEN/IA | SAMPLE ID GB1 | sAanu
PROJECT NUMBER| 1C3 3808 | SAMPLE TYPE Bag
SAMPLE DEPTH 550 56.0
SAMPLE PREPARATION
Wet or Dry Minus #40 Sieve Yes
PLASTIC LIMIT DETERMINATION NATURAL MOISTURE
Weight of Wet Soil & Tare (gm) wp| 3088 30 55 3157 38512
Weight of Dry Soil & Tare (gm) wa)l 2742 2720 2803 31629
Weight of Tare (gm) w3)] 1148 11 69 1171 8535
Weight of Water (gm) wa=w1w2)] 346 335 354 68 83
Weight of Dry Soil (gm) ws=w2 w3)l 1594 15 51 16 32 23094
Water Content /o w4ws) 100} 2171 21 60 2169 29 80
LIQUID LIMIT DETERMINATION
Number of Blows 5 5 NOTE DIFFICULT TO ROLL
Weght of Wet Soil & Tare (gm) we)| 2326 2026 SUSPECT TO BE NON PLASTIC
Weight of Dry Soil & Tare (gm) wn| 1936 16 96
Weight of Tare (gm) wg)| 430 428
Weight of Water (gm) Wo=w6-w7)l 390 330
Weight of Dry Soul (gm) wio=w7wg)| 1506 | 1268
Water Content ¥ (W9/W10) 100{ 2590 26 03
34
>
= 32
z
=
g 30
é 2 NON-PLASTIC
721
o 26
=
24
10 100
NUMBER OF BLOWS
LIQUID LIMIT (WI) NP DESCRIPTION|Ohve Brown, CLAYEY SILT some fine sand.
PLASTIC LIMIT (Wp) NP
PLASTICITY INDEX (Ip) NP
LIQUIDITY INDEX (I) NP USCS| (ML) |
MOISTURE CONTENT 29 80 TECH JR
DATE| 6/1/98
CHECK| /MM
REVEEW| Y1)/
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES

100 2 F I P - B MO, 20 0 L 460 #00, #200
\*“p
N
90 \\
80 N\
70 A
60 %\
o \\
40 b
30 \
20
10
0
1000 100 10 1 01 001 0001
Grain size 1n millimeters
Coarse | Fine Cor | Med |  Fme SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID G 1 SA 14 LL 36
SAMPLE TYPE PL 15
SAMPLE DEPTH 685 700 PI 21
DESCRIPTION|Olive Brown and Gray SILTY CLAY and
medium to fine sand, trace fine gravel.
USCS| CL |
GSL/ 986-1083 ENVIROGEN/ IA TECH| TF
I1C3-3808 DATE| 512998

CHECK|
REVIEW %w’ M
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ASTM GRAIN SIZE ANALYSIS
ASTM C117 C136 D421 D422 D1140 and D2217
PROJECT TITLE GSL/ 986-1083 ENVIROGEN/ 1A ] SAMPLE ID G1 | sa 14
PROJECT NO IC33808 | SAMPLE TYPE Bag
SAMPLE DEPTH 685 700
AS RECEIVED WATER CONTENT Hygroscopic Moisture Wet Soil & Tare (gm) 3063
Tare No For Sieve Sample Dry Soil & Tare (gm) 3035
Wt WetSol& Tar (gm) w1 40825 Tare Weight (gm) 316
Wt. Dry So 1 & Tare (gm) w2)l 36426 Mousture Content (/) 103
W ght fTar (gm) (W3) 8535 Total Weight of Sample Used For Sieve Analysis Corrected For Hygroscopic Moisture
W ght fWater (gm) (Wa-W1 W2) 43 99 Weight + Tare, Before Separating On The #4 Sieve (gm)] 705 60
W ght of Dry 5o | (gm) ws waw3)| 27891 Tare Werght (gm)| 235 44
Mo stur Content ( 4) (Wa/Ws) 100 1577 Total W ght (gm)] 46537 |(W6)
Plus #4 Matenal Sieve (Wit+Tare)  (((Wt Tare)YW6) 100) 4APASSING
TARE WEIGHT 120 120 cobbles
30 30 coarse grav |
25 25 coarse gravel
20 20 coarse gravel
15 1.5 coarse gravel
10 10 coarse gravel
075 075  fin gravel
0.50 0.50 fine gravel
0375 000 00 1000 0375 fine gravel
#4 290 06 94 #4 coarse sand
HYDROMETER ANALYSIS
Weight of Sample Used For Hydrometer Test
Specf Gra ty (assumed)
Specif ¢ Gravity (tested) 2715 W ight £Sampl Wet or Dry (gm) 5217
Amount Dispersing Agent (ml) 12500 Calculated Dry Wt. used 1n test (gm) 5164
Type Daspersion Device Mecharucal Hydrometer Bulb Number 624378
Length of Dispers o Penod 1 Minute / Pass #4 Sieve For Whole Sample 99 38
TARE WEIGHT HYDROMETER BACKSIEVE (Percent Passing #10 #200 Sieves)
Cumul Wt.
(Wi+Tare) Retamed / PASSING
#10 20391 077 979 #10 medium sand
#20 205 00 186 95.8 #20 medium sand
#40 206 86 372 922 w40 fine sand
#60 209 87 673 86.4 w60 fine sand
#100 21404 10 90 784 #100 fine sand
#200 219 49 16.35 619 #200 fines
HYDROMETER CALCULATIONS
DATE TIME ET READING TEMP TEMP COR HYD COR. READING | EFFECTIVE
6/1/98 12 00 (min) R T K Cc C LENGTH A
6/1/98 1202 200 350 2200 0013 450 3050 114 099
6/1/98 1205 500 315 2200 0013 450 2700 119 099
6/1/98 1215 1500 285 2200 0013 450 2400 124 099
6/1/98 12 30 3000 270 2200 0013 450 2250 127 099
6/1/98 1300 6000 255 2200 0013 450 2100 129 099
6/1/98 16 10 25000 225 2200 0013 450 1800 133 099
6/2/98 12 00 1440 00 185 2200 0013 450 1400 140 099
GRAIN SIZE PERCENTAGES
Particle Diameter / PASSING |/ COBBLES 000 Descrption|Olive Brown and Gray SILTY CLAY and
00313 581 % COARSE GRAVEL 000 medium to fine sand, trace fine gravel.
00202 sla % FINE GRAVEL 062 USCS| CL |
00119 457 % COARSE SAND 148
00085 29 % MEDIUM SAND 568 36 LL
00061 400 % FINE SAND 2431 15 PL
00030 343 o FINES 6791 21 Pl TECH TF
00013 267 % TOTAL SAMPLE 100 00 DATE] 5/29/98
CHECK| { A
REVIEW | PloM
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SPECIFIC GRAVITY OF SOILS

ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE GSL / 986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3 3808 SAMPLEID [ 6B 1 | sa 14
SAMPLE TYPE Bag
TESTED FOR [ SPECIFIC GRAVITY | SAMPLE DEPTH 68.5 700
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare Imital (gm) wpl 34235 AIR REMOVAL
Weight Soil and Tare Final (gm) w2)| 33955 METHOD
Weight Of Tare (gm) (W3) 5178
Weight Of Moisture (gm) W4=W1 W2) 280
Weight Of Dry Soil (gm) Ws=W2 W3) 28777
Hygroscopic Moisture In (7') HM=(W4/W5) 100) 10%
Tnal 1 2 3
Pycnometer Number 17 18 26
Weight Pycnometer Empty (gm) M) 170 60 206 34 178 23
Weight of Soil & Pycnometer (gm) 222 91 258 59 230 45
Weight of Sol Water & Pycnometer (gm) (Mb)] 70133 737 11 708 88
Observed Temperature (Tb) for (Mb) In Degrees C 2490 250 250
Observed Temperature (Ta) for (Ma) In Degrees C 2500 2300 2200
Weight of Pycnometer & Water (gm) (Ma @ Ta) 668 66 704 59 676 42
Relative Density of Water @ (Ta) 099707 0 99757 099780
Relative Density of Water @ (Tx) 0 99732 0 99707 0 99707
Correction Factor due to Temperature @Tx (K) 0 9991 0 9988 0 9988
Weight of Soil (gm) 5231 5225 5222
Weight of Dry Soul (gm) (Mo) 5181 5175 5172
Weight of Pycnometer & Water (gm) (Ma) 668 78 704 34 676 06
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+((Ma Mb))J*(K) ] 2687] 2724 | 2734 | 2715
Temp (C) Rel Density Corr (K) Temp (C) Rel Denstty Corr (K)
16 00 0 99897 1 0007 23 50 099745 0 9992
16 50 0 99889 1 0007 24 00 099732 09991
17 060 0 99880 1 0006 24 50 0 99720 0 9990
Correction Values 17 50 0 99871 1 0005 25 00 0 99707 0 9988
Due To Temperature 18 00 0 99862 1 0004 2550 0 99694 0 9987
18 50 0 99853 1 0003 26 00 0 99681 0 9986
19 00 0 99843 1 0002 26 50 0 99668 0 9984
19 50 099833 1 0001 2700 0 99654 0 9983
20 00 0 99823 1 0000 27 50 0 99640 09982
20 50 099812 09999 28 00 0 99626 09980
21 00 0 99802 0 9998 28 50 099612 09979
21 50 099791 0 9997 29 00 0 99597 09977
22 00 099780 0 9996 29 50 099582 0 9976
22 50 0 99768 0 9995 3000 0 99567 09974
23 00 099757 0 9993 TECH AK
DATE 5/30/98
CHECK | [N/
REVIEW [ YAy
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ATTERBERG LIMITS
ASTM D-4318
PROJECT TITLE | GSL/986-1083 ENVIROGEN/ 1A | SAMPLE ID GB 1 | SsA 14
PROJECT NUMBE 1C3-3808 J SAMPLE TYPE Bag
SAMPLE DEPTH 685 700
SAMPLE PREPARATION
Wet or Dry Mnus #40 Sieve
PLASTIC LIMIT DETERMINATION NATURAL MOISTURE
Weaght of Wet Soil & Tare (gm) wi)| 2308 2145 2204 408 25
Weight of Dry Soil & Tare (gm) w2l 2161 | 2020 | 2069 364 26
Weght of Tare (gm) w3l 1165 1142 1146 8535
Weight of Water (gm) Wa=W1w2)| 147 125 135 4399
Weight of Dry Soil (gm) (Ws=w2w3)| 996 878 923 278 91
Water Content % W4a/wsy«100] 1476 14 24 14 63 1577
LIQUID LIMIT DETERMINATION
Number of Blows 33 24 17 NOTE
Weight of Wet Soul & Tare (gm) we)| 2146 2345 24 85
Weight of Dry Soil & Tare (gm) Wl 1699 18 40 1920
Weght of Tare (gm) ws)l 432 435 428
Weight of Water (gm) Wo=W6-w7)| 447 505 565
Weght of Dry Soil (gm) wio=w7ws)| 1267 | 1405 | 1492
Water Content % (W9/W10) 100] 3528 3594 3787
39
> ®
[E
= 37
z,
o
: Ne
2 35
=)
p=
33
10 20 25 30 40 100
NUMBER OF BLOWS
LIQUID LIMIT (WI) 3617 36 DESCRIPTION|Olive Brown and Gray SILTY CLAY and
PLASTIC LIMIT (Wp) 14 54 15 medium to fine sand, trace fine gravel
PLASTICITY INDEX (Ip) 21
LIQUIDITY INDEX (I) 006 USCS| CL |
MOISTURE CONTENT 1577 TECH} JR
DATE] 6/1/98
CHECK! ;ﬁe ,A /
REVIEW M
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

100 2 o S AV S o D WL IS NS PR "L,
\\
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80
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/ \
P 60
A
S
S s0
I
N
G 40
. \l
20 \
10 N\
0 r
1000 100 10 Grain size n} millimeters 01 001 0001
Coarse | Fine Cor | Med |  Fme SILT OR CLAY
Boulders ] Cobbles Gravel SAND FINES
SAMPLEID| GB 1 SA 15 LL
SAMPLE TYPE Bag PL
SAMPLE DEPTH 700 725 PI
DESCRIPTION|Brownish Yellow MEDIUM TO FINE SAND Iittle
silt, trace fine gravel
USCS|__spsM |
Cu=D60/DI0=  0.24/0 085 =282 <6
Cc =D30"2/(D60*D10) = 0 17°2/(0 24%0 085) = 142 >1
GSL/ 986-1083 ENVIROGEN/ 1A TECH| TF
I1C3 3808 DATE| 6/1/98
CHECK| (AW
REVIEW| FPloM
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

PROJECT TITLE GSL/ 986-1083 ENVIROGEN/ JA ] SAMPLE ID GB 1 | SA 15
PROJECT NO 1C3 3808 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH 700 725
Hygroscopic Mossture For Sieve Sample
WATER CONTENT (Dehivered Moisture) Wet Soil & Tare (gm)
Wt Wet Soul & Tare (gm) (wh) Dry So1l & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) w3) Mousture Content (%)
Weight of Water (gm) (wd=wl w2) Total Weight Of Sample Used For Sieve Corrected For Hyvgroscopic Moisture
Weight of Dry Soil (gm) (w5=w2 w3) Weight Of Sample (gm) 1117 94
Moisture Content (%) (w4/w5)*100 Tare Weight (gm) 114 12
(W6) Total Dry Weight (gm) 1003 82
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt Tare) (%Retained) % PASS SIEVE
0 00 ] +Tare {(wirew6) 100} (100-Yaret)
120 120 cobbles
30 30 coarse gravel
25 25 coarse gravel
20 20 coarse gravel
15 15 coarse gravel
10 10 coarse gravel
07s 075 fine gravel
0350 050 fine gravel
0375 000 000 000 100 00 0375 fine gravel
#4 129 129 013 99 87 #4 coarse sand
#8 179 179 018 99 82 #8 coarse sand
#16 18 32 18 32 183 9817 #16 medium sand
#30 11803 11803 11 76 88 24 #30 medium sand
#50 47172 471 72 46 99 5301 #50 fine sand
#100 77992 779 92 7770 2230 #100 fine sand
#200 931 37 931 37 9278 722 #200 fines
PAN 1003 18 1003 18 99 94 006 PAN
7/ COBBLES 000
/o C GRAVEL 000 Descniptive Terms > 10% mostly coarse (c)
% F GRAVEL 013 trace 0t0 5% > 10% mostly medium (m) LL
% C SAND 044 little Stol24 < 10% fine (c-m) PL
% M SAND 2872 some 12 t0 30% < 10% coarse (m f) PI
% F SAND 63 50 and 30 to 50% < 10% coarse and fine (m) Gs 2 694
% FINES 722 < 10% coarse and medium (f)
% TOTAL 100 00 > 10% equal amounts each (c-f)
DESCRIPTION |Browmsh Yellow MEDIUM TO FINE SAND little
stlt, trace fine gravel.
USCS SP-SM I TECH TF
DATE 6/1/98
CHECK AW
REVIEW flom
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SPECIFIC GRAVITY OF SOILS

ASTM D 854
PYCNOMETER METHOD
PROJECT TITLE GSL / 986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3 3808 SAMPLEID| G6B 1 | sA 15
SAMPLE TYPE Bag
TESTED FOR { SPECIFIC GRAVITY ] SAMPLE DEPTH 700 72.5
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare Imital (gm) ownl 10024 AIR REMOVAL
Weight Soil and Tare Final (gm) w2l 10019 METHOD
Weight Of Tare (gm) W3) 5193
Weight Of Moisture (gm) Wé=Ww1 W2) 005
Weight Of Dry Soil (gm) (W5=W2 W3) 48 26
Hygroscopic Mosture In (7) (HM = (W4/WS) 100) 01%
Tnal 1 2 3
Pycnometer Number 7 8 19
Weight Pycnometer Empty (gm) MH|l 17399 178 91 176 37
Weight of Soil & Pycnometer (gm) 204 24 21276 209 14
Weight of So1l Water & Pycnometer (gm) (Mb)| 69125 698.28 695 02
Observed Temperature (Tb) for (Mb) In Degrees C 245 245 245
Observed Temperature (Ta) for (Ma) In Degrees C 2400 24 50 23 00
Weight of Pycnometer & Water (gm) (Ma @ Ta) 672 31 677 15 674 46
Relative Density of Water @ (Ta) 099732 0 99720 099757
Relative Density of Water @ (Tx) 0 99720 099720 0 99720
Correction Factor due to Temperature @Tx (K) 0 9990 0 9990 0 9990
Weight of Soil (gm) 3025 3385 27
Weight of Dry Soul (gm}) (Mo) 3022 3381 3274
Weight of Pycnometer & Water (gm) (Ma) 672 25 677 15 674.28
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+((Ma MBb))J*(K) [ 260 2663] 277] 2694 |
Temp (C) Rel Density Corr (K) Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007 23 50 099745 0 9992
16 50 0 99889 10007 2400 099732 09991
1700 0 99880 1 0006 24 50 099720 0 9990
Correction Values 17 50 0 99871 1 0005 2500 099707 0 9988
Due To Temperature 18 00 0 99862 1 0004 25 50 0 99694 09987
18 50 099853 1 0003 26 00 0 99681 0 9986
19 00 0 99843 1 0002 26 50 0 99668 09984
19 50 099833 1 0001 27 00 0 99654 0 9983
20 00 099823 1 0000 27 50 0 99640 0 9982
20 S0 099812 0 9999 28 00 0 99626 0 9980
21 00 0 99802 0 9998 28 50 099612 09979
21 50 099791 0 9997 29 00 0 99597 09977
22 00 0 99780 0 9996 29 50 0 99582 0 9976
2250 0 99768 0 9995 3000 0 99567 09974
23 00 099757 09993 TECH TF
DATE 6/3/98
CHECK | /qM\
REVIEW | ¢ 0o i
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

12 3 2 1 75 375 2] ” #16 30 #50 #100 #200
100 -+ rt + =t —t 7t @ ‘\ t + +—t+——t
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I
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30 \
20 \
10 \\\
N
0 b
1000 100 10 Gramn size 1l millmeters 01 001 0 001
Coarse | Fine Cor | Med | Fine SILT OR CLAY
Boulders | Cobbles Gravel SAND FINES
SAMPLE ID 161 LL
SAMPLE TYPE Bag PL
SAMPLE DEPTH PI
DESCRIPTION|MEDIUM TO FINE MASTER BUILDERS IRON
FILINGS (COLUMN TEST SAMPLE)
uscs| _sp__ |
Cu = D60/DI0 = 0 45/0 18 = 25 <6
Cc = D30 2/(D60*D10) = 03 2/(0 45%0 18) = 11 > 1
GSL/986-1083 ENVIROGEN /1A TECH| 1B
IC3 3808 DATE| 623/98
CHECK| (Rl
REVIEW| Y\ _
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ASTM GRAIN SIZE ANALYSIS
ASTM D 421, D 2217, D 1140, C 117, D 422, C 136
PROJECT TITLE GSL/986-1083 ENVIROGEN /IA | SAMPLE ID 161 |
PROJECT NO 1C3 3808 SAMPLE TYPE Bag
REMARKS SAMPLE DEPTH
Hygroscopic Moisture For Sieve Sample
WATER CONTENT (Delivered Moisture) Wet Soil & Tare (gm)
Wt Wet Sou & Tare (gm) (wl) Dry Soil & Tare (gm)
Wt Dry Soil & Tare (gm) (w2) Tare Weight (gm)
Weight of Tare (gm) w3) Moisture Content ()
Weight of Water (gm) (wd=wl w2) Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight of Dry Soil (gm) (w5=w2 w3) Weight Of Sample (gm) 425 30
Moisture Content (7) (w4/w5)*100 Tare Weight (gm) 0 00
(W6) Total Dry Weight (gm) 425 30
SIEVE ANALYSIS Cumulative
Tare Weight Wt Ret (Wt Tare) (7 Retamned) 7 PASS SIEVE
000 l + Tare {(wt revw6) 100 (100-9 ret)
120 120 cobbles
30 30 coarse gravel
25 25 coarse gravel
20 20 coarse gravel
15 15 coarse gravel
10 10 coarse gravel
075 075 fine gravel
050 050 fine gravel
0375 0375 fine gravel
#4 #4 coarse sand
#8 0 00 0 00 0 00 100 00 #8 coarse sand
#16 003 0 03 0 01 99 99 #16 medium sand
#30 78 01 78 01 18 34 81 66 #30 medium sand
#50 285 57 285 57 67 15 3285 #50 fine sand
#100 399 85 399 85 94 02 598 #100 fine sand
#200 419 97 419 97 98 75 125 #200 fines
PAN 425 30 425 30 100 00 0 00 PAN
9 COBBLES 0 00
9 C GRAVEL 000 Descniptive Terms > 10% mostly coarse (c)
9 F GRAVEL 0 00 trace Oto 59 > 10% mostly medium (m) LL
% C SAND 0 00 Lttle 5t0 129 < 10% fine (¢ m) PL
9 M SAND 42 62 some 12 to 309 < 109 coarse (m f) PI
7 F SAND 56 12 and 30to 509 < 107 coarse and fine (m) Gs 6 953
¢ FINES 125 < 109 coarse and medum (f)
% TOTAL 100 00 > 109 equal amounts each (¢ f)
DESCRIPTION {MEDIUM TO FINE MASTER BUILDERS IRON
FILINGS (COLUMN TEST SAMPLE)
USCS | Sp l TECH LB
DATE 6/23/98
CHECK Cah/
REVIEW
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SPECIFIC GRAVITY OF SOILS
ASTM D-854
PYCNOMETER METHOD
PROJECT TITLE GSL / 986-1083 ENVIROGEN / JA
PROJECT NUMBER 1C3-3808 SAMPLEID | 11 [
SAMPLE TYPE Bag
TESTED FOR P SPECIFIC GRAVITY | SAMPLE DEPTH
HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE
Weight Soil and Tare Inital (gm) w1 3402 AIR REMOVAL
Wesght Soil and Tare Fnal (gm) w2) 3401 METHOD
Weight Of Tare (gm) W3) 317
Weight Of Moisture (gm) W4=W1 W2) 001
Weight Of Dry Soil (gm) W5=W2 W3y 30 84
Hygroscopic Moisture In (7) (HM=(W4/W5) 100) 00%
Tnal 1 2 3
Pycnometer Number 16
Weight Pycnometer Empty (gm) o) 178 80
Weight of Soil & Pycnometer (gm) 232.39
Weight of So1l Water & Pycnometer (gm) Mb)l 72290
Observed Temperature (Tb) for (Mb) In Degrees C 240
Observed Temperature (Ta) for (Ma) In Degrees C 2300
Weight of Pycnometer & Water (gm) (Ma @ Ta) 677 15
Relative Density of Water @ (Ta) 0 99757
Relative Density of Water @ (Tx) 099732
Correcuon Factor due to Temperature @Tx X) 0 9991
Weight of Soil (gm) 5359
Weight of Dry Soil (gm) (Mo) 5357
Weight of Pycnometer & Water (gm) (Ma) 677 03
SPECIFIC GRAVITY Gs Average
G @ 20 degrees C = [Mo/(Mo+((Ma Mb))]*(K) [ 69s3] T ] (6953 ]
Temp (C) Rel Density Corr (K) Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007 23 50 0 99745 09992
16 50 0 99889 1 0007 24 00 099732 09991
17 00 0 99880 1 0006 24 50 099720 0 9990
Correction Values 17 50 0 99871 1 0005 2500 099707 09988
Due To Temperature 18 00 0 99862 1 0004 2550 0 99694 09987
18 50 0 99853 1 0003 26 00 0 99681 0 9986
19 00 0 99843 1 0002 26 50 0 99668 09984
19 50 099833 1 0001 2700 0 99654 0 9983
20 00 0 99823 1 0000 27 50 0 99640 09982
20 50 099812 0 9999 28 00 0 99626 0 9980
2100 0 99802 09998 28 50 0 99612 0 9979
21 50 099791 09997 29 00 0 99597 09977
22 00 0 99780 0 9996 29 50 0 99582 0 9976
22 50 099768 0 9995 3000 0 99567 09974
23 00 099757 0 9993 TECH LB
DATE | 6/23/98
CHECK | (_(\M_
REVIEW | ¥ia,y
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UNE 1998 IC3 3808]
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / IA
PROJECT NUMBER IC3 3808
SAMPLE 1D GB1/SA15@ 25 pst DEPTH 700 725
PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422 US STANDARD SIEVE OPENING SIZES
100 SRR PR SR oL g0 Op | o
\
90
80
% \
70
P \
A 60
S \
s 50
: \
N 40 \
G \
30 \
20 \
10 N
0
1000 100 10 1 01 001 0 001
Gram size m milhmeters
Coarsc | Fin c | Mo 1 FE SILT OR CLAY
Bould rs C bbles Grav | SAND FINES
NOTES Sample GB-1/SA 15 was reconstructed Sample was saturated at a verucal
effective stress of 30 ps1  Some fines lost dunng saturation
SOIL DESCRIPTION Brownish Yellow MEDIUM TO FINE SAND Iittle silt trace fine gravel
USCS SP SM
FLUID DESCRIPTION  Frac Flmd 481b Guar/1000 gal water
30 LEAK OFF TEST
E 25
E yE 129451( ;7 1905
g 20 R’ = 0.9957
33
g8 15
=2 a—a
g | a—n-n-o-—
[ )
{ 10
R
E 5 “
0 /
000 050 100 150 200 250 300 350 400 4 50 500
ROOT TIME (mun)
LEAK OFF COEFFICIENT Cw (cm/mu'”?) =
(Tested under 25 psi1) TeCH| TF
SPURT VALUE (cm) = DATE| _ &12%
CHECK| | —
xevienl— G
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JUNE 1998 IC3 3808
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3 3808
SAMPLE ID GB1/SA15@25ps1 DEPTH 700 725
PARTICLE SIZE DISTRIBUTION
Cumulative
Tare Weight Wt Ret (Wt Tare) (%Retained) % PASS SIEVE
000 | +Tare {(wt revw6) 10 (100-%rer)
120 120 cobbles
Total Dry Weight 30 30 coarse gravel
1003 82 ] 25 25 coarse gravel
20 20 coarse gravel
15 15 coarse gravel
10 10 coarse gravel
075 075 fine gravel
050 050 fine gravel
0375 0 00 000 0 00 100 00 0375 fine gravel
#4 129 129 013 99 87 #4 coarse sand
#8 179 179 018 99 82 #8 coarse sand
#16 18 32 18 32 183 98 17 #16 medium sand
#30 118 03 118 03 11 76 88 24 #30 medium sand
#50 471 72 471 72 46 99 5301 #50 fine sand
#100 779 92 779 92 7770 22 30 #100 fine sand
#200 931 37 93137 92 78 722 #200 fines
PAN 1003 18 1003 18 99 94 006 PAN
NOTES Sample GB-1/SA 15 was reconstructed Sample was saturated at a vertical
effecuve stress of 30 ps1  Some fines lost during saturation
SOIL DESCRIPTION Brownush Yellow MEDIUM TO FINE SAND lude silt trace fine gravel
USCS SP SM
FLUID DESCRIPTION Frac Flud 48Ib Guar/1000 gal water
LEAK OFF TEST
SAMPLE TIME VOLUME OF WATER FILTER CAKE
PREPARATION TIME ROOT DISPLACED FROM SAMPLE THICKNESS
(mun) (o) (ml) (cm)
Sample weight g 2249 0 000 000
Sample height cm 32 035 071 810
Sample Diameter cm 711 1 1 00 90
Area cm? 39 70 15 122 95
Volume cm’ 127 05 2 L4l 100
Dry Density pef 110 45 25 158 103
Porosity 9 342 3 173 10 6
35 187 109
4 200 112
45 212 11 4
5 224 116
6 245 121
7 2 65 125
8 283 12 8
9 300 132
10 316 135
11 332 137
12 346 14 0
13 361 14 2
14 374 14 5
15 387 147
16 4 00 149
17 412 15 1
18 424 153
19 436 155
20 4 47 157
TECH TF
DATE 6/12/98
CHECK | ¢ -
REVIEW F}f



JUNE 1998 IC3 3808
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / IA
PROJECT NUMBER. IC3 3808
SAMPLE ID GB 1/SA15@ S0 ps1 DEPTH 700 725
PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422 US STANDARD SIEVE OPENING SIZES
100 B O e 0 i opo
N
90
80
7 \
70
P \
A 60
S
s 50 X
x \
N 40 \
G
30 \\
20 \
10 h‘n
0
1000 100 10 1 01 001 0 001
Gramn size m milimeters
Came | Fin C | M | Fin SILT OR CLAY
Bo M s C bbles Gra | SAND FINES
NOTES Sample GB-1/ SA 15 was reconstructed Sample was saturated at a vertical

SOIL DESCRIPTION Browmsh Yellow MEDIUM TO FINE SAND httle silt trace fine gravel
USCS SP SM
FLUID DESCRIPTION  Frac Flud 48lb Guar/1000 gal water

30

effective stress of 30 psi  Some fines lost dunng saturation

LEAK OFF TEST

25

20

y = 22119x 4+ 6 108
R’ = 09983

15

SAMPLE (m})

10

FLUID LOST FROM SATURATED

RS S5 sa

000 050 100 150 200 250 300 350 400 450 500

ROOT TIME (mn)
LEAK OFF COEFFICIENT Cw (cm/mm'?) =
(Tested under 50 psi) TECH o
SPURT VALUE (cm) = 0 08 DATE] &%

Golder Construction Services Inc



WUNE 1998 IC3 3808
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3 3808
SAMPLE ID GB 1/SA 15 @ 50 ps: DEPTH 700 725
PARTICLE SIZE DISTRIBUTION
Cumulauve
Tare Weight Wt Ret (Wt Tare) (%Retained) % PASS SIEVE
000 } +Tare (Wi ret/w6) 10 (100 %ret)
120 120 cobbl s
Total Dry Weight 30 30 coarse gravel
1003 82 i 25 25 coarse gravel
20 20 coarse gravel
15 15 coarse gravel
10 10 coarse gravel
075 075 fne gra el
050 050 fine gravel
0375 000 000 0 00 100 00 0375 fne gravel
#4 129 129 013 99 87 #4 coarse sand
#3 179 179 018 99 82 #3 coarse sand
#16 18 32 18 32 183 98 17 #16 med m sand
#30 118 03 118 03 11 76 88 24 #30 med um sand
#50 471 72 471 72 46 99 53 01 #50 fine sand
#100 779 92 779 92 7770 22 30 #100 fne sand
#200 931 37 931 37 92 78 722 #200 fnes
PAN 1003 18 1003 18 99 94 006 PAN
NOTES Sample GB-1/SA 15 was reconstructed Sampl was saturated at a vertc [
effective stress of 30 ps1 Some fines lost dunng saturation
SOIL DESCRIPTION Brownish Yellow MEDIUM TO FINE SAND Iittle silt trace fine gravel
USCS SP SM
FLUID DESCRIPTION Frac Fluid 48lb Guar/1000 gal water
LEAK OFF TEST
SAMPLE TIME VOLUME OF WATER FILTER CAKE
PREPARATION TIME ROOT DISPLACED FROM SAMPLE THICKNESS
(m1n) (nun) (ml) (cm)
Sample weight g 2249 0 000 000
Sample height cm 37 03 071 7 80
Sample Diameter cm 711 1 100 84
Area cm? 39 70 15 122 88
Volume cm® 125 07 2 141 93
Dry Density pef 112 22 25 158 96
Porosity 9 331 3 173 99
35 187 10 2
4 200 10 5
45 212 10 8
5 224 11 1
6 245 115
7 265 11§
8 283 12 4
9 300 128
10 316 131
11 332 13 4
12 346 138
13 3 61 141
14 374 14 4
15 387 147
16 4 00 150
17 412 153
18 424 155
19 436 15 8
20 4 47 16 0
TECH TF
DATE 6/7/198
CHECK P
REVIEW [J"\
ad

Golder Construction Services Inc




JUNE 1998 IC3 3808
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3 3808
SAMPLE ID GB 1/SA 15 @ 100 ps: DEPTH 700 725
PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422 US STANDARD SIEVE OPENING SIZES
100 ' ?:':’:’;Jﬁ: L . T LU
N
90
80
% \
70
P \
A 60
5 \
s 50 X
, \
N 40 \
G \
30 \
20 \
10 \H
0
1000 100 10 1 01 001 0001
Gram size m milimeters
Camse | Fn C | Md | Fn SILT OR CLAY
Bould rs Cobbles Gra 1 SAND FINES
NOTES Sample GB-1/ SA 15 was reconstructed Sample was saturated at a vertical
effective stress of 30 psi  Some fines lost duning saturation
SOIL DESCRIPTION Brownish Yellow MEDIUM TO FINE SAND little silt trace fine gravel
uscs SP SM
FLUID DESCRIPTION  Frac Flud 481b Guar/1000 gal water
30 LEAK OFF TEST
é 25
<
Eé 20 %
31
£4 15 /
g = n y|= 3 47854 + 12 552
= g — | 2 _
Qv R® = 0(9913
< 10
B 5
0
000 0 50 100 150 200 250 300 350 4 00 4 50 500
ROOT TIME (mun)
LEAK OFF COEFFICIENT Cw (cm/mmn'?) =
(Tested under 100 psi) TECH| TF
SPURT VALUE (cm) = DATE| _ 61058
CHECK|

Golder Construction Services Inc



JUNE 1998 IC3 3808
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / 1A
PROJECT NUMBER IC3 3808
SAMPLE ID GB1/SA15@100 ps1i DEPTH 700 725
PARTICLE SIZE DISTRIBUTION
Cumulative
Tare We ght Wt Ret (Wt Tare) (%Reta ned) % PASS SIEVE
0 00 | +Tare (wt ret/w6) 10 (100 %ret)
120 120 cobbles
Total Dry Weight 30 30 coarse gravel
1003 82 ] 25 23 coarse gravel
20 20 coarse gravel
15 15 coarse gravel
10 10 coarse gravel
075 075 fine gravel
050 050 fine gravel
0375 0 00 000 000 100 00 0375 fine gravel
#4 129 129 013 99 87 #4 coarse sand
#8 179 179 018 99 82 #8 coarse sand
#16 18 32 18 32 183 98 17 #16 medium sand
#30 {18 03 118 03 11 76 88 24 #30 medium sand
#50 471 72 471 72 46 99 53 01 #50 fine sand
#100 779 92 779 92 77 70 22 30 #100 fine sand
#200 93137 931 37 92 78 722 #200 fines
PAN 1003 18 1003 18 99 94 006 PAN
NOTES Sample GB-1/SA 15 was reconstructed Sample was saturated at a vert cal
effective stress of 30 ps1  Some fines lost duning saturation
SOIL DESCRIPTION Brownish Yellow MEDIUM TO FINE SAND little silt trace fine gravel
USCs SP-SM
FLUID DESCRIPTION Frac Flud 481b Guar/1000 gal water
LEAK OFF TEST
SAMPLE TIME VOLUME OF WATER FILTER CAKE
PREPARATION TIME ROOT DISPLACED FROM SAMPLE THICKNESS
(o) (mun) (ml) (cm)
Sample weight g 2250 0 000 000
Sample height cm 31 03 071 13 70
Sample Diameter em{ 7 11 1 100 156
Area cm? 3970 15 122 16 7
Volume cm® 123 08 2 141 17 6
Dry Denstty pef 114 07 25 158 183
Porosty 9 341 3 173 18 9
35 187 19 4
4 200 199
45 212 203
5 224 207
6 245 214
7 265 220
8 2 83 22 6
9 300 230
10 316 235
11 332 240
12 346 24 4
13 3 61 253
14 374 257
15 3 87 26 1
16 400 26 4
17 412 26 7
18 424 271
19 4 36 274
20 447 277
TECH TF
DATE 6/10/98
CHECK Fi
REVIEW s 1 Y

Golder Construction Services Inc




' RESISTIVITY OF SOIL
. ASTM G-57 AND U S DOT FP-85
PROJECT TITLE | GSL/986-1083 ENVIROGEN/IA | SAMPLE ID GB 1 SA 9
PROJECT NO 1C3-3808 SAMPLE TYPE Bag
l REMARKS SAMPLE DEPT 410 432
SAMPLE PREPARATION Sieved through the #8 Sieve { No |
TEST APPARATUS Miller Soilbox and Nilsson 400 Soil Resistance Meter
' Identification SATURATED
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ochms-cm) 6 550
TEMP DEGREES (C) 22.0
RESISTIVITY @ 15 5 C (ohms-cm) 7614
l MOISTURE CONTENT
WET WEIGHT & TARE 457 80
DRY WEIGHT & TARE 372.85
TARE WEIGHT 51 38
WEIGHT OF MOISTURE (gm) 84 95
l WEIGHT OF DRY SOIL (gm) 32147
MOISTURE CONTENT ( /) 26 43
l 50
l 40
E
(%)
E
l £ 3 30
N
E 2
5 2
=
l =20
a
g
10
|
0
' 0 10 20 30 40 50
MOISTURE CONTENT (%)
l Descnption{Brownsh Yellow FINE SAND trace silt.
' USCS SP | TECH| TF
DATE| 6/1/98
CHECK
l REVIEW/| (oA
l Golder Construction Services, Inc




RESISTIVITY OF SOIL

ASTM G-57 AND U S DOT FP-85

PROJECT TITLE |GSL/986-1083 ENVIROGEN/ IA| SAMPLE ID GB 1 | SA 10
PROJECT NO 1C3-3808 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT 450 48.0
SAMPLE PREPARATION Sieved through the #8 Sieve {  No |
TEST APPARATUS Miller Solbox and Nilsson 400 Soil Resistance Meter
Identification SATURATED
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (chms-cm) 6 650
TEMP DEGREES (C) 215§
RESISTIVITY @ 15 5 C (chms-cm) 7 648
MOISTURE CONTENT
WET WEIGHT & TARE 495 31
DRY WEIGHT & TARE 406 13
TARE WEIGHT 5176
WEIGHT OF MOISTURE (gm) 89 18
WEIGHT OF DRY SOIL (gm) 35437
MOISTURE CONTENT (%) 2517
50
40
E\
“
E
£ 2 30
~ g
ol
=z
.g
2 €
a
2
10
a
0
0 10 20 30 40 50
MOISTURE CONTENT (%)
Description|Browmsh Yellow FINE SAND little silt.
USCS SP-SM TECH| TF
DATE| 6/1/98
CHECK| (W
REVIEW| .U M

Golder Construction Services, Inc




RESISTIVITY OF SOIL
ASTM G-57 AND U S DOT FP-85
PROJECT TITLE |GSL/986-1083 ENVIROGEN/ IA| SAMPLE ID GB 1 | SA 15
PROJECT NO 1C3-3808 SAMPLE TYPE Bag
REMARKS SAMPLE DEPT 700 725
SAMPLE PREPARATION Sieved through the #8 Sieve No )|
TEST APPARATUS Miller Soilbox and Nilsson 400 So1l Resistance Meter
Identification SATURATED
SPECIMEN (Point) 1 2 3 4
RESISTIVITY (ohms-cm) 5750
TEMP DEGREES (C) 215
RESISTIVITY @ 15 5 C (ohms-cm) 6613
MOISTURE CONTENT
WET WEIGHT & TARE 538 88
DRY WEIGHT & TARE 45722
TARE WEIGHT 51 60
WEIGHT OF MOISTURE (gm) 81 66
WEIGHT OF DRY SOIL (gm) 405 62
MOISTURE CONTENT (/) 2013
50
40
E
¥
E .
€2 30
~ g
> 2
==
> 2
e £ 20
2
2
10
[ |
0
0 10 20 30 40 50
MOISTURE CONTENT (/)
Descnption{Brownsh Yellow MEDIUM TO FINE SAND httle
silt, trace fine gravel
USCS SP-SM | TECH| TF
DATE} §6/1/98
CHECK _%_/_
REVIEW N

Golder Construction Services, Inc




Iron Bearing Fracture Fluid Preparation

1)
2)

3)

4)

5)

6)

7

8)

Notes

1)

1 L water
Raise pH to 9 5 with basic solution

Stir water 1n blender without entraining air  Slowly sprinkle 5 8 g Golder B1 and 0 12
g Golder-BE1 into the water (to avoid lumps)

Mix slowly for 10 minutes
Drop mix pH to 6 5 with acidic solution
Mix without entraining air for at least 15 minutes

Add 1900 g of Master Builder fine to medium wron Mixer speed should be increased
t0 maintain 1ron 1n suspension

Add 5 ml Golder BC1 mux thoroughly without entraining air for a short duration until
mix 1s consistent

Fracturing fluid can be mixed in smaller/larger batches by maintaining the above
ratios

Revised 05/04/98



envirometal
technologies
Inc

Method Detection Limuts (MDL) and Detection Limuts (DL), Bench Scale
Tests, Centerville, Iowa Site

Organic Compounds MDL (ug/L)
Tetrachloroethene 14
Trichloroethene 12
1 1 1-Tnichloroethane 13
Tnchloromethane 12
Dichloromethane 35
1 1-Dichloroethane 60
1 2 Dichloroethane 41
cis-1 2 Dichloroethene 78
trans 1 2 Dichloroethene 19
1 1 Dichloroethene 32
Vinyl Chlonde 070

Inorganic Compounds DL (mg/L)
Calcium 005
Iron Total 001
Magnesium 005
Manganese 0005
Potassium 10
Silica, Reactive 005
Sodium 01
Chlonde 005
Sulphate 005
Alkalinity (as CaCOs) 10
Total Dissolved Solids 2

3142510 T2



University of Waterioo

Treatability Test Column ldentification 251
lowa Column Composition 100 / Granular fron (UW#161)
Pore Volume (PV) 260
Porosity 046
Column Length 164 ft (50 cm)
Column Diameter 15in(381cm)
Flow Veloctty 2 fi/day (61 crmv/day )
Column Distance (ft) 00 008 016 033 050 066 10 13 16
Residence Time (hr) 00 10 19 40 60 79 120 157 197
PV RN Influent Organic Concentraton (ug/L ) Effluent
PCE
6 a nd nd nd nd nd nd nd nd nd
10 a 11 17 24 nd nd nd nd nd nd
16 a nd nd nd nd 3 nd 2 nd nd
21 a 13 24 10 nd nd nd nd nd nd
31 a 45 1" 10 10 nd nd nd nd nd
38 b 11 nd nd nd nd nd nd nd nd
43 b 21 nd nd nd nd nd nd nd nd
TCE
6 a 7428 416 124 nd nd nd nd nd nd
10 a 7811 321 141 nd nd nd nd nd nd
16 a 7324 280 g9 44 13 nd nd nd nd
21 a 7211 27 131 nd nd nd nd nd nd
31 a 6850 199 76 69 nd nd nd nd nd
38 b 5865 217 53 15 nd nd nd nd nd
43 b 4730 231 40 31 nd nd nd nd nd
111TCA
10 a nd nd nd nd nd nd nd nd nd
16 a nd nd nd nd nd nd nd nd nd
21 a nd nd nd nd nd nd nd nd nd
31 a nd nd nd nd nd nd nd nd nd
38 b nd nd nd nd nd nd nd nd nd
43 b nd nd nd nd nd nd nd nd nd
TCM
10 a nd nd nd nd nd nd nd nd nd
16 a nd nd nd nd nd nd nd nd nd
21 a nd nd nd nd nd nd nd nd nd
38 b nd nd nd nd nd nd nd nd nd
43 b nd nd nd nd nd nd nd nd nd
DCM
10 nd nd nd nd nd nd nd nd nd
16 a nd nd nd nd nd nd nd nd nd
21 a nd nd nd nd nd nd nd nd nd

nd = not detected

na = not applicable

AN = reservorr number

HL = halflife

2 = coefficient of vanation
BOLD = peak concentraton

HL

04
03
04

0910
0973
0955




Unliversity of Waterloo

Treatability Test Column identfication 251
lowa Column Composition 100 / Granular Iron (UW#161)
Pore Volume (PV) 260
Porosity 046
Column Length 1 64 ft (50 cm)
Column Diameter 15in(381cm)
Fiow Velocity 2 ft/day (61 crm/day )
Column Distance (ft) 00 008 016 033 050 066 10 13 16
Residence Time (hr) 00 10 19 40 60 79 120 157 197
PV RN Influent Organic Concentraton (ug/L) Effluent
11DCA
10 a nd nd nd nd nd nd nd nd nd
16 a nd nd nd nd nd nd nd nd nd
38 b nd nd nd nd nd nd nd nd nd
43 b nd nd nd nd nd nd nd nd nd
12DCA
10 a nd nd nd nd nd nd nd nd nd
16 a nd nd nd nd nd nd nd nd nd
38 b nd nd nd nd nd nd nd nd nd
43 b nd nd nd ~ nd nd nd nd nd nd
cDCE
5 a 17 28 1 08 nd nd nd nd nd
9 a 19 44 28 75 nd nd nd nd nd
13 a 10 16 1" 68 nd nd nd nd nd
16 a 12 51 28 86 nd nd nd nd nd
20 a 12 43 32 71 nd nd nd nd nd
29 a 41 89 64 24 71 nd nd nd nd
42 b 39 62 44 15 nd nd nd nd nd
tOCE
5 a nd nd nd nd nd nd nd nd nd
9 a nd nd nd nd nd nd nd nd nd
13 a nd nd nd nd nd nd nd nd nd
16 a nd nd nd nd nd nd nd nd nd
20 a nd nd nd nd nd nd nd nd nd
29 a nd nd nd nd nd nd nd nd nd
42 b nd nd nd nd nd nd nd nd nd
11DCE
5 a nd 23 09 nd nd nd nd nd nd
9 a nd nd nd nd nd nd nd nd nd
13 a nd nd nd nd nd nd nd nd nd
16 a nd nd nd nd nd nd nd nd nd
20 a nd nd nd nd nd nd nd nd nd
29 a nd nd nd nd nd nd nd nd nd
42 b nd nd nd nd nd nd nd nd nd
nd = not detected

na = not applicable

RN = reservoir number

HL = half ife

r2 = coefficient of vanaton
BOLD = peak concentration

HL

11
13
14

0968
0991
0990




University of Waterloo

Treatability Test

fowa

Column Distance (ft)
Restdence Time (hr)

vC

pH

Eh

nd = not detected

na = not applicable

RN = reservoir number
HL = haff ife

PV

13
16
20
29
42

S58Ra=®

AN

(o I I I oo Mo Mo

oo PN

Column Identfication 251
Column Composition 100 / Granular fron (UW#161)
Pore Volume (PV) 260
Porosity 046
Column Length 164 ft (50 cm)
Column Diameter 15in(381cm)
Flow Velocity 2 ft/day (61 cm/day )
00 008 016 033 050 066 10 13 16
00 10 19 40 60 79 120 157 197
influent Organic Concentration ( ug/L ) Effluent
nd 69 11 33 nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd 32 nd 32 nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
nd nd nd nd nd nd nd nd nd
pH Along Column
75 90 92 9.2 94 96 98 91 101
78 90 g2 93 93 95 96 96 98
79 91 92 93 94 93 94 98 99
80 91 92 92 93 93 96 95 99
75 85 87 90 91 95 96 na 98
79 90 90 91 91 g2 92 96 100
Redox Potential Along Column (mV )
374 0 104 -ral 286 261 29 64 71
384 -346 399 362 289 231 292 337 116
391 -407 405 356 -358 382 386 -423 192
249 456 -461 -485 -473 -476 -81 -483 -455
404 -381 -373 413 252 374 502 na -466
305 -406 372 385 -424 -426 ~430 520 523

12 = coefficient of vanation
BOLD = peak concentration

eof//

HL
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T-629 P 08/15 Job-l04

9058908575

GROUNDWATER LAB

PHILIP SERVICES

UNIVERSITY OF WATERLOO

30-Jun-98
Institute for Groundwater Research Page: 8
Univeraity of Waterloo Copy 1 of 2
N2L 3Gl Set 2
Attn: Wayne Noble Received 19-Jun 98 15:41
Project: PO B
Job 98354504 Statusg. Pinal
Water Samples
Ag A) As B Ba Be Bi Ca
ICAP ICAR ICAP ICAP ICAP ICAP JCAP ICAP
— Sample X4 mq/L _ __wy/h, __=g/L___mg/L __wg/h _og/L, __eq/L __oq/L
UW-2180 1 Duerd <0 003 0 03 <01 <0 01 0 157 <0 0005 <01 644
Uw-181 eueat ol 35) 3/9pv <o 003 <0 03 <01 0 23 <0 005 <D 0005 <0 1 2 46
plank AN B <0 003 <0 03 01 <D 01 <0 005 <0 0005 <01 <0 05
QC Standard (found) 0 024 9 3 1.1 D 18 0 9385 D 979 10 49 17
QC Standard (expected) 0 D30 10 0 10 0 20 1 00 100 10 51 0
Repeat UW-180 <0 003 0 04 <0 1 0 02 0 157 <0 0005 <0 1 64 1

HiY—rab—18LY

gg Dy

JUN-30-88 15 31

Vs vVL! L33

From PHILIP ANALYTICAL SERVICES CORPORATION
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Y-§23 P 09/15 Jab-104

9059908575

PHILIP SERVICES

UNIVERSITY OF WATBRLOO

[ SE S Y-

GROUNDWATER LAB

519-746-18293
From PHILIP ANALYTICAL SERVICES CORPORATION

@7/92/1998 88 5B

JUN-30-90 15 3

30-Jun-98
Inatitute for Groundwater Rasgearch Page
University of Waterloo Copy: 1 of
N2L 3Gl Set
Attn: Wayne Noble Received 19-Jun 98 15:41
Project: PO #
Job;: 9654504 Status Fanal
Water Samples
cd Co Cr Cu Fe X Mg Mn
ICAP ICAP ICAP ICAP ICAP ICAP
_Sample 14 —mg/L _ML&___M___BQLL___AQZ___M_____ML___A&&_
UW 180 ntluent <0 005 <0 005 <0 005 <O 003 0 01 1 18 5 <0 005
UN-181 e <ol aS), 319,y Ru& <0 005 <0 DO5 <0 005 <O 003 0 02 1 030 <0 005
Blank <D 005 <0 005 <0 005 <O 003 <0 01 <1 <D 05 <0 005
QC Standard (found) 0 924 0 944 ¢ 943 0 960 0 91 10 10 9 D 937
QC Standard (expected) 1 00 1 00 12 00 1 00 1 00 10 11 0 100
Repeat UW-180 <0 005 <0 005 <0 005 <O 003 0 02 <1 1B 6 <0 005

Lo v aom vl a
CMAlAfL VM a2 O rc b gada 117N 3 (SUS R IR C

(] \

S} W XS \
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PAGE

T-§23 P 10/15 Job-104

GROUNDWATER LAB

§13-746-1823
From PHILIP ANALYTICAL SERVICES CORPORATION

97/82/1998 98 58

3058908575

JUN 30-98 15 3

PHILIP SERVICES

3J0-Jun-98
UNIVERSITY OF WATERLOD
Ingtitute for Groundwater Resgearch Paget 10
University of Waterloo Copy 1 of 2
N2L 3G1 et 2

Attn: Vayns Naoble

Recelved: 19-Jun %8 15 41
Project:

PO #:
Job: 9854504

Statusg, Pinal
Water Samples

Mo Na Ni P 2b 8 sb Se

XCAP ICAP ICAP ICAP  GFAAS ICAP ICAP ICAP
Sample Id —mg/L_  _mg/tL __wmg/L __mg/h __ma/l = wg/L__wg/L___mall,
UW-180 (nFluert 00 A5 <002 <01 <0 001 45 <0 1 <01
UW-181 efF <ol 261,31 Fpv ANB 0 09 44 2 <D 02 <01 <0 001 45 <0 1 <0 1
Plank <0 01 <0 1 <0 02 <01 <0 001 <0 1 <b 1 <0 1
QC Standard (found) 1 05 45 7 0 95 20 0 024 10 0 09 09
QC Standard (expected) 110 50 0 1 00 20 0025 10 0 10 10
Repeat UW-160 0 01 44 4 <002 <01 <0 001 45 <0 1 <0 1

NI . AN vt

S 4 VM ver B Od M N O 4 [RYARY R IR A K I S B BN S R o
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PHILIP SERVICES

PAGE

4

= 30-Jun-98
w UNIVERSITY OF WATERLOO

= Institute for Groundwater Remearch Page: 11
o University of Waterloo Copy 1l of 2
o NaL )Gl Set 2
Kt

Attn Wayne Noble

Received 19-Jun-98 15 41
Project PO #:

" Job: 9454504 Statun; Finnl

é E Water Samples

g g 84 5n 8r T4 v Zn r- cl-

2 ICAP ICAP ICAP ICAP ICAP ICAP SM 4500P 5M 4110B

5 Seample Id —mg/L  _xg/h _ma/h. _ma/t  _wa/L _mg/l  _mo/L  _mqg/L _

L E  UW-180 1o luest 12 1 <0 05 0 199 <0 005 <0 005 <D 005 06 1 20
5 UW-201 e ol 281 31 TpuRNE 076 <0 05 0 020 <0 005 <0 005 <0.005 05 6 00
fd Blank <0 0% <0 05 <0 001 <0 005 <0 005 <D 003 <0 1 <0 05
S  QC Standard (found) 2 06 0 96 D 905 0 944 0.944 0 941 12 6§ 10
v QC Standard (expected) 2 00 1 00 1 00 1 00 , 100 1 00 112 § 00
Y  Repeat UW-180 12 1 <0 05 0 198 <0 005 0 005 <0 005 06 1 20

% 3

@ T
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T-§28 P 12/15 Job-104

9058908575

GROUNDWATER LAB

vy By n1Y-746-1829
From PHILIP ANALYTICAL SERVICES CORPORATION

JUN-30~33 15 32

g/ 0L L3I0

PHILIP SERVICES

30-Jun-93
ONIVERSITY OF WATERLOO
Institute for Groundwater Research Page 12
University of Waterloo Copy: 1 of 2
N2L 3161 Set 2
Attn: Wayne Noble Received 19-Jun-98 15 41
Project L)
Job 854504 4 Status __ Final
¥ater Samples
ND2-N PO4-3 Ar- NOJ -N S04 = Alk 8 3
SM 4110P SN 41108 SM 4110B SM 4110P 8M 41108 SM 4500B 9M 23208
Sample Id ma/L nq/L ngy/L mg/L ng/L pH Units mg CaCO3/L
uWw-180 safluest <0 1 <0 S <0 5 08 13 6 8 17 <1
UN-181 o ol 281 319 pv ANB <01 <0 S <0 5 <0 2 135 9 76 <l
Blank <0 1 <0 5§ <0 5 <0 2 <0 05 -- 2
QC Standard (found) 058 37 05 33 6 10 5 08 125
QC Standard (expected) 10 37 06 30 6 00 9 0O 125
Repeat UW-180 <0 1 <0 5 <G 5 08B 13 6 - -




o TR U
s WE WS s =R e
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W % PHILIP SERVICES
g~ 30-Jun 98
e UNIVERSITY OF WATERLOO
= Inatitute for Groundwater Research Page 13
o University of Waterloo Copyt 1 of 2
=  NIL 301 Set 2
‘f
-—
Attn: Wayne Noble Received 19-Jun-98 15 41
Project PO &
Q Joh: 9854504 Status: Final
3
o g Water Bamples
gé Alk 4 2 NH3-N noc Th 7TDE pHs CAB  Hard(Calc)
SM 2320B SM 4500H SM 5310C Calc Calc calc SN 21408
é Sample Id oy CaCol/L _ ma/L, ma/L, mg/L__ pR Unitg __ % mg_Cat03 /L
5 ON-180 Afluert 125 0 02 06 3319 7 14 112 237 4
= W18l ot ol 351 31 Tpy RNB 76 0 12 16 113 9.21 -2 9 7 4
£ Blank <1 <D 02 <D 2 2 12 61 -1 68 03
8 QC Standard (found) 240 0 29 5 4 277 7 37 -4 33 168 8
2 QC Standard (expected) 250 0 30 50 204 7 34 -3 46 172 6
S Repeat UN-180 321 0 02 07 336 7 15 0 62 237 6
o 3
°E
| =
0 =
<t
o
¢ =
- Xx
\0 o
g
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D e
D o
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V1]
Hv
t X PHILIP SERVICES
a 30-Jun-98
£ UNIVERSITY OP WATERLOO
= Institute for Groundwatex Research Page! 14
o Univeralty of Waterloo Copy: 1 of 2
g N2L 3061 Set 1 2
»
—

Attn: Wayne MNoble Received 1%-Jun-98 15 41

Project: Fo #

0 Job 854504 _Status;: Final

J8

ﬁ'a = Water Bamples

o2

%g CO3= HCO03 ~ LT AI R8I Colour Turb Sp Cond

Z Calce Cale Calc Calc Calc SM 21208 BM 2130B 8M 251038

é Sample Id mq/I, ng/L None None None TCY NTY _umhos/enm
oW-180 nflnest 1 3919 L0 13 06 61 <1 05 569
UW-181 eFF ol 25/ 3¢ Tpy, RNE 0 9 7 0.6 12 51 85 <1 Qa5 116
Blank nan nan nan nan nan <l <0 1 <1
QC Standard (found) 75 00 17 13 67 57 10 18 683
QC standarad (expected) 75 06 17 13 64 57 10 18 718
Repeat UW-180 nan nan nan nan nan --- - -

D19-74b-182Y
From PHILIP ARALYTICAL SERVICES CORPORATION

[J]=Rpels)

J20
JUIN 30-98 13 32

oL

2 Jinm L v w6 @
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PAGE

GROUNDWATER LAB
T628 P 1515 Job-104

519-746-1823
From PHILIP ANALYTICAL SERVICES CORPORATION

87/82/1938 B8 58

9058308876

Jun-30-98 15 33

PHILIP SERVICES

UNIVERSITY OF WATERLOO

Institute for Groundwater Research
University of Waterloo

NAL 3061

Attn: Wayne Noble Received 19-Jun-98 15 41
Project 2O #:

Job 89854504

30-Jun-94

Page: 15
Copy. 1 of 2

A1l work recorded hexrein has been done in accordance with normal
professional standards using accepted testing methodologiea and QA/QC
procedures Philip Analytical ie limited in iiability to the actual
cost of the pertinent amalyses done Youxr samples will be retained by

PASC for a period of 30 days following xeporring or as per specific
contractual arrangemsntsg

Job approv t
Signed:

Siebert, B Sc
Project Manager
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TROM ENVIROGEN INC

ENVIROGEN

Néw Salutons to Mazardouas Waste Problemia

TO MR P B2

Princeton Research Center

4100 Quakerbndge Road
Lawreaceville New Jersey 08648
Td 609/936-9300

Fax 609/9356-9221

Limted Chemistry Deliverables

Prepared for

Uraversity of Waterloo/Golders/Jowa

Lubh 1D
1 27

Sampies Recarved
40 Jun-Y%

Reported
(4-Jul Y8

NJDEP Ceriified Lab 11004

£T v1 62-,0 8667 TIge 22E LIS

N3O0 INNI/ MY WOYS



4ss1 P 28731

14 14

1998 @7-238

517 322 9311

FREM  MWR/ENVIRQGEN

N

H3) 7

N
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Ssmpter {PelaUSign) Aelnpilnn Wothot ANALYS|S ]
& RE G F 2 P J?Y ’/j 94 1 Requax -ulnhals by methat numn’u
i 7
Laboratory Sanpis 10 Date Tima Samph Numbae Volumas
1D No Localian . Matsix Botties Lollleo JPrguoivative Commeni
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NA-14-1998 16 15 FROM ENUVIROGEN INC ™ MR PBa 7
?
EHVIROGEN | Pnnccton Research Ceater
Apaivuca) ang Treatabiliey Laboratorcs, 4100 Quakerbndee Road
Lowrenceville, New Jersev 08648
Tel 6097936 9300
Fax §09/936-922)
Sempilcfuforsaftion- | °
Labd ID ! Date Received 6/30/98
e mmeun oz :
7 ] \ L_-/
l
]
- ———
Praciical Dlhuion
Concentration Units 0 tadlon Linil Fector Method Code
18 me/L <02 1 3000
07 me/L <02 1 3000
n ma/L <0.2 1 308 0
13 e/l <290 10 3000
260 /L <20 10 3104
20 meg/L <2 1 1302
St og/L <20 1 84500-CO2
0002 mg/L <0 002 1 8015m
0002 re/L <0002 1 8015
mg/L <0 002 1 €015m
mg/L <2 1 4051
u mp/L <10 ] 3104
[Phocpbats, wotas? | ® ik <005 1 365 2
: (1.applied) ) u mp/L <00l ) 3%.2
[
|

’ | M Pr2Y

Allen F Thoimas Date
Laboratory Diwrector
]
|

Swviropen NJDEP cerrificss Lab ID 11001
() Mot Bsiad as Prviropsh Cernfied paraemeters under the NIDEP lab certficution progreom.
(2) Nos avndalte as 3 co parameser xrder ilie NTDEP lah cert ficonion progran.

(). Compomnd rot detocted above method detection lmiy
)

d !

800 I3 ¥ T INI ¥v3d 8.€C €9. 8TS T XVd bZ ST QdM 86/62/.0
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ll TA-13-1998 16 20 FROM ENUIROGEN INC TO MR F 03
' ENVIROGEN Princeton Research Center
Apsivtical séd Yreatabifity Labarstores, 4100 Quakerbndgs Road
! Lawrencaville, New Jersey 08643
Tel 609/936 9300
' z Fax 609/936-9221
3 1] K
' 231702 Date Recolved 6/30/98
251 Effloeat Minx Age
‘\.ﬁ—"'_‘..—'
l' |
I pxY — { ... = — -
r oW s Tt 0
Practical Diluton
l » Parameter Coaricentration Unlts Quonriarion Linat Factor Meshad Codg
) 62 mng/L <02 1 300 0
l Wrals 2t N v g/l <02 1 2000
Narite 2s N _ 02 mg/L <02 L 300 0
' fscifice ns S04 37 mg/l <2.0 10 3000
Alalauty as CACO3 6 mg/L <20 10 0 L
{Bardosss 82 CaCo3 (1 apphrod) e mglL <2 1 1302
' {Carboa Dioxuda(2) u mg/L <2 ) $4500-C02
octoma(z) 0 002 me/L <0002 1 4015m
l r— i D020 me/L <0 002 1 £015m
[Btmoe2) | 0 014 mg/L <0002 1 8015m
Ebanl Oxygen Damsnd 6 ng/L <2 ] 408 1
l Bﬂ’ om Dempd(l.agllul) u mg/L <0 1 4104
vt ws P » mefl <005 1 8.2
I' Sulfide (1 applied) o e/l <o 1 ~ 37612
1 ’
)
i o
!
Vimibin/ A
' Allon F Thomas Dats
' Laboritory Director
3
l 7 Envwogen NJDEP certifisd Lad 1D 11001
(1) Not Ested az Envirogen Cortified psyamaters under the NJDEP lub certificanon program.
(2) Not avaniadic ay a cersifisd payometsr under the NUDEP lob corificanon program.
l (v} Compoand nor desecred cbove methed detection imit
TOTAL P @5

€92 6TS T XV4 82 1 Qd8 55763 10



RECRA
L ¢9 LabNet

a dwision of Recra Environmental Inc ~
» Virtual Laboratones Everywhere

July 1 1998

Ms Jennmifer Whitney ?
Envirogen

7707 Rickle Road

Lansing, MI 48917

RE Cooper Analytical Report

Dear Ms Whitney

The enclosed analytical report 1s for the project and lot number hsted above If you have
any questions please contact me at 708-534-5200

~N
7
Recra LabNet - Chuicago
Jeffrey A James
Project Manager s
)
Enclosures
Approved By
chael
Vice President
’/
Tho results presented m thus report relate enly to the analyucal testing and condilions of sample at recenpt.  Thus report pertaws to only
those samples actually tested. All pages of ths report are untegral parts of the analytical data. Tharefore, this repart sbould be reproduced
ouly in It8 entrrery
2417 Bond Street  University Park IL 80466-3182 (708) 534-5200 Fax (708) 534-5211 /am—’uoa 5
1600 o TSSH 20 bT c2-20 8667 1186 228 L1S NIDOMINN3

l Sincerely



Date 06/25/98

Twme 16 51 54

RECRA LABNET UNIVERSITY PARK

R pt  ANO374
/ SAMPLE CHRONOLOGY Page 1
™ -
‘
EPA 8260 25 ML PURGE VOAS
Client Sample 10{ 251 EFFLUENT 251 INFLUENT TRIP BLANK
Job No & Lab Sample ID| P98 1315 p8131502 P98 1315 P8131501 P98 1315 PB131503
Sample Date 06715798 13 00 06/15/98 13 00 06/15/98
Received Date 06719798 09 35 06/19/98 09 35 06/19/98 09 35
Extraction Date
Analysis Date 06/22/98 22 15 06/22/98 22 47 06722/98 21 43
Extraction HY Met?
Analytical HT Net? YES YES YES
Sample Matrix MATER WATER WATER
Dilutyon Factor 10 100 0 10
sample Wt/vol 0 025 LITERS 0025 LITERS 0 025 LITERS
X Ory
¢
HA  Not Applicable Rec a LabNet
\N ! R

NIODOM INNZ/HMN  WOdd

1186 22 LIS

Lo vl 62-.0 8661

1£/S0 o4 1SSH



Date 06/25/98 RECRA LABNET UNIVERSITY PARK Rept  ANOS74
Time 16 51 5 QC SAHPLE CHRONOLOGY / bape ANOST2

EPA 8260 25 ML PURGE VOAS

-

Client Sample 1D
Job No & Lab Sample 1D

Sample Date

Les22
P98 1315 PB131505

Nethod Blank(Vv8LK22)
P98 1315 P8131504

Received Dote
Extraction Date
Analysis Date
Extrectron HY Met?
Anatytical HY Net?
Sample Hatrix
Dilution Factor
Sampie wt/vol

% Dry

06722/98 19 37

WATER
10
0 025 LVIERS

06722798 21 12

WATER
10
0 025 LITERS

NA

Not Agplicable

Recra LabNet

NIDOHINNI/ 2N HOMA

116 22¢ 418

82 vT cz-2@ SE61

i1£/90 4 1S58
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Date 06/25/98 16 49 RECRA LABNEY UNIVERSIYY PARK Rept ANO3 %
Jobno P98 1315 SAMPLE CHRONOLOGY / g
R -
- o %
\
Dilutien Sample Receive VCLP Rnalysis lg
Lab 1 Semple D uUnits | Analyte Nethod | Factor Date Date Date }THT] Date ARY |Natr
PAL31502 (251 EFFLUENT NG/L fron Total 200 7 1 00)06/15/98 13 00}056/19 09 35 KA NA |06/23 Yes |WATE! 3
PBIZISO1 {251 INFLUENT HG/L Iron Total 200 7 1 00[06/15/98 13 00{06/19 09 35|  HA NA 06723 Yes(VATEl §}
z
@
(3
i
g
@
[5d
P
r
)
@
i)
Q
J
N
i)
(=
n
Q
i
k- 4
i
)
5
R
®
N
ARY  Analysis Holding Time Net Recra LabNet g
THT  TCLP Holding Time Met
NA = Not Applicable

N
~ LN



date  06/25/98 16 49 RECRA LABNET UNIVERSITY PARK Rept  ANO3¢ ]
Jobno P98 1315 Qc CH@ONOLOGY g
/
re e 1
2 3
2
a
Dilution Sample Receive TCLP Analysis ﬁ
tab ID sample 1D Units | Analyte Method factor Date Date Date |THT Date AHT [Matri %
P880172302(Matrix Spike Blank [MG/L tron  TYotat 200 7 1 00 w3 A HA 06723 Yes JWATER 2
P8BO172301|Nethod 8lank MG/L Iron  Total 200 7 1 00 09 35 NA HA 106723 Yes [WATER %
0n
[
\)
8
0
ol
-
-
2
(11}
Q
D
N
11}
r
b
(W)
©
n
n
n
-
L]
Q
[i]
AHT  Analysis Holding Time Het Recra Lablet )
THT  TCLP Holding Time Met A
NA = Not Applicable

* LN

yd



Dote 06/25/98 Recra Labnet University Park Pages )
Tima 09 00 55 Envirogen Rept: AN1010
Sample Summary Excluding Internal Standards/Surrogates ~
Recre LabNet

Sample ID 251 INFLUENT Date Received 06/19/98
Lab ID f81315071 Project No PABATS1S
Date Callected 06/15/98 Chent No LB0259
Time Collected 13 0O PO Neo
Detect{on Date/Time
Parameter Result Elag Limy Units __ Method Analyred  Analyst

EPA 8260 (25 ML PURGE) VOAS
Benzene <0 v 50 UG/L  B260/25NML  06/22/9822 &F JRB
Bromodichloramethane <50 [’} S0 Us/L 8250/25ML 06/22/9822 47 JRB
Dichlorodifluoromethane <50 u 50 UG/L B260/25ML 08/22/9822 4T JRB
Branaforn <50 ] 50 UG/L B240/25ML 06/22/9822 47 JRB
Bromotasethane <100 v 100 UG/L B260/25ML 06/22/9822 47 JRB
Carbon Tetrachloride <50 v 50 UG/L  BR60/25NL 06/22/9822 47 JRB
cthlorobenzene <50 u 50 UG/L  8260/25ML 06/22/9822 47 JRB
Chlorocathane <50 1] 50 UG/L 8260/25ML 06/22/9822 47 JRrB
Chloroform <50 U 50 UG/L B280/25ML D6/22/9822 47 JRB
chloremethane <50 v 50 UG/L B8260/725ML 06/22/9822 47 JR8B
Dibronachloronethane <50 v 50 UG/L 8260/25ML 06/22/9822 47 RS
1 2 Dichlorcbenzene <50 U 50 UG/L 8260/25ML 068/22/9822 47 JR8
1 3 Dichlorobenzene <50 v 50 UG/L B260/25ML 06/22/9822 47 JrB
1 é-Dichlorobenzene <50 1] 50 UG/t B260/25ML 06/22/9822 47 JRB
1 1 Dichloroethane <50 u 50 UG/L  8250/25ML 06/22/9822 47 JRB
1 2 Dichloroathane <50 7} 50 UG/L B8260/25ML 0672279822 47 JRB
1 1 Dichloroethene <50 U S0 UG/L 8260/25ML 0672279822 47 JRS
cis 1 2 Dichloroethene <50 v 50 UG/L  8260/25ML 06/22/9822 47 JRB
trane 1 2 Dichloroethene <50 v 50 UG/L B260/25ML 06/22/9822 47 JRB
1 2 Dichloropropane <50 v S0 UG/L  B260/25ML 06/22/9822 47 JRB
¢c1s 1 3 Dichloropropene <50 v 50 UG/L B250/25ML 06/22/9822:47 JR8
trans 1 3 Dichloroprapene <0 ) 50 UG/L 8260/25ML 06/22/9822:47 JRB
Ethylbenzene <50 v 50 UG/L B260/25ML 06/22/9822 47 JRB
Methylene chloride <100 " 100 UG/L  B260/25ML 06/22/9822 4T° JRB
Styrene < <50 ) 50 UG/L  B260/2SML  04/22/9822 47 JRB
1 1 1 2 Terrachloroethene <50 u 50 UG/L B260/25ML 06/22/9822 47 JRB
1 1 2 2 Tetrachloroethane <50 v 50 UG/L  8260/25ML 06/22/9822 47 JRB
Tetrachloroethene <50 v 50 UG/L  B260/25ML 06/22/9822 47 JRB
Yrichlorofluoromethane <50 v 50 UG/L B8260/25ML 06/22/9822 47 JRB
1 2 3 Trichloropropane <50 u 50 UG/L 8260/25m. 06/22/9822 47 JRB
Toluene <50 U 50 UG/L  8260/25ML 06/22/9822 47 JRB
1 1 1 Trichloroethane <50 U 50 UG/L 8260/25ML. 06/22/9822 4T JRB
1 1 2 Trichloroethane <50 u 50 UG/L  BRA0/25ML  06/22/5822 4T JRE
Trichloroethene 3500 50 UG/L  B260/725ML 06/22/5822 4T JRB
Vinyl chlorfde <50 v 50 UG/L B260/25ML 06/22/9822 47 JR8
1 3 Dichloropropene <100 1] 100 UG/L  B260/25ML 06/22/9822 47 JRB™
2 2 Dichloropropane <100 v 100 UG/L  B260/25ML 06/22/9822 47 JRB
1 2 Dibromo 3 chloropropane <100 v 100 UG/L B260/25ML 06/22/9822 47 JRB
1 2 Dibramoethane <50 ] S0 UG/L 8260/25ML 06/22/9822 47 JRB
Bromochloramethene <100 (1} 100 UG/L  8260/25NML 0672279822 47 JRB
Dibrozomethane <100 7} 100 UG/L 8260/25ML 0&/22/9822 47 JRB
1 1 Dichloropropene <500 u 500 UG/L  B260/25ML  06/22/9822 47 JRB
m/p Xylenes <50 v S0 UG/L  B260/25ML 06/22/9822 47 JRB
o Xylene <50 U 50 UG/L  8260/25ML 048/22/9822 4T JR8
1 2 3 Trichlorcbenzene <50 u 50 UG/L B260/25ML 06/22/9822 47 JRB
1 2 & Trichlorobenzene <50 v 50 UG/L  8260/25ML 06/22/9822 47 JRB
3 2 4 Trimethylbenzene <50 v 50 UG/L  8260/25ML  06/22/9822 47 JRB
1 3 5 Trimethylbenzena <50 v 50 UG/L  B260/725ML 06/22/9822 4T JRB
Braomobenzene <50 1] 50 UG/L  8260/25ML 06/22/9822 47 JRR
Hexachlorobutad ens NED0H AN AMA WO

1£/60 d 1SSH# 80 vI1 62-40 8661 1Te6 222 LIS



Dote 06/25/98

Recrs Labnet University Park Page
Time 09 00 55 Envirogen Rept ANTOY
Sample Summary Excluding Internal Stendards/Surrogates
Recra LabNet
Sample 1D 251 INFLUENT Date Received 06/19/98
Leb ID P8131501 ProJect No PABA7S1S
Date Collected 06/15/98 Client No L80259 3
Time Collected 13 00 PO No
Detection Date/Time
Pgrameter Result Flag Limie units _ Method Analyzed  Analyst
Isopropylbenzene <50 v 50 UG/L B260/25ML 0&/22/9822 47 IRB
n Butylbenzene <50 U 50 UG/L  8260/25M, 06/22/9822 47 JIRB
n Propylbenzene <50 (] 50 UG/L  B8260/2SML 04/22/9822 47 JRB
Naphtholene <100 V] 100 UG/t  8260/25ML (06/22/9822 47 JRB
o Chlorotoluene <50 v 50 UG/L 8260/25ML 06/22/9822 47 JRS
p Chlorotoluene <50 v 50 UG/L 8260/25ML 06/22/9822 47 JRB
p Cymene <50 v 50 UG/L  8260/25ML 06/22/9822:47 JRB
sec Butylbenhzene <50 v 50 UG/L 8260/25ML 06/22/9822 47 JRD
tert Butylbenzene <50 v 50 UG/L  B260/25ML 06/22/9822 47 JRB
v
Metals Analysis
Iren Total 098 0 050 HG/L 200 7 06/23/98 MLG
F
~
7
FJ

N WO
T£/0T d 1SSH 60 v1 62-20 8661 TIE6 228 LIS NID0H I NI /UM



Date 06/25/98 Recra Labnet University Park Page 3

Time 09 00 55 Envirogen Rept AN1010
Sample Summary Excluding Internal Standerds/Surrogates r
Recra LabNet
Sasple 1D 251 EFFLUENT Date Received 06/19/98
Ltab ID PB131502 Project No PARATS1S
Date Collected 06/15/98 Clyent Mo LB0259
Twne Collected 13 00 PO No
Detection Date/Time
Parameter Reault Elag ___ timt _ __U;its _ Method Analy2ed _ apalyst
EPA 8260 (25 ML PURGE) VOAS
Benzene <0 50 u 0 50 UG/L  8260/25ML 06/22/9822 15 JRB
8romodichloronathane <0 50 v 050 UG/L  8260/25ML 06/22/9822 15 -I&B
D1ehlorod: fluoromethane <0 S0 v 0 50 UG/L  8260/25ML 06/22/9822 15 JRB
Bramofore <0 S0 U 050 UG/L B260/25ML 06/22/9822 15 JRB
Bromomethane <10 v 10 UG/L  B280/25ML 06/22/9822 15 JRB
Corbon Tetrachloride <0 50 v 0 50 UG/L  8250/25ML 06/22/9822 15 JR8
Chlorcbenzene <0 50 v 050 UG/L  8260/25ML 06/22/9822 15 JRB
Chloroethane <0 50 Y 050 UG/l  8260/25ML 06/22/9822 15 JRB
Chloroform <0 50 u 6 50 UG/L  8250/25ML 06/22/9822 15 JRB
thloromethane <0 50 v 0 50 UG/L B250/25ML 06/22/9822 15 JRB
pibromochloromethane <0 50 u 0 50 UG/L 8260/25ML 0672279822 15 JRB
1 2 Dichlorebenzene <0 50 ) 0 50 UG/L  B260/25ML 06/22/9822 15 JRB
1 3 Dichlorobenzene <0 50 u 050 UG/L B260/25ML 06/22/9822:15) JRB
1 4 Dichlorobenzene <0 50 ] 0 50 UG/L 8260/25ML 06/22/9822 15 JRB
1 1 Dichloroethane <0 50 v 050 UG/l B260/25ML 06/22/9822 15 JRB
1,2 Dichtoroethane <0 50 u 050 UG/L  8260/25ML 06/22/9822 15 JRB
1 1 pichleroethene <0 50 v 0 50 UG/L B260/25ML 05/22/9822 15 JRB
ci1s 1 2 Dichloroethene <0 50 u 050 UG/L 8260/25ML 06/22/9822 1S JR8
trans 1 2 Dichloroethene 05 U 050 UG/l 8260/25ML 06/22/9822 15 JRB
1 2 Dichloropropane <0 50 v 0 50 UG/L  B280/725ML 06/22/9822 15 JRB
¢1s 1 3 Dichloropropene <0 50 [V} 050 UG/L  B26D/25ML 06/22/9822.15 JRB
trans 1 3 Dichloropropene <0 50 v 050 UG/L  B260/25ML  06/22/9822 15 JRB
Ethylbenzene <0 50 v 0 50 UG/L  B260/25ML 06/722/9822 15 JRB
Methylene chloride 21 1 o‘. UG/L 8260/25ML. 06/22/9822 15 #RB
Styrene <0 50 V) 0 50 UG/L  B260/25ML  06/22/9822 15 JRB.
1 1 1 2 Tetrachloroethana <0 50 v 0 S0 UG/L  B260/25ML 046/22/9822 15 JRB
1 1 2 2 Tetrachloroethane <0 50 v 0 50 UG/L  8260/25ML 046/22/9822 15 JRB
Tetrachloroethene <0 50 ] 0 50 UG/L  8250/25ML 06/22/9822 15 JRB
Trichlorofluoromethane <0 50 u 0 S0 UG/L 8250/25ML 04/22/9822 15 JRB
1 2 3 Trichloropropene <0 50 u 0 50 UG/L  8250/25ML 06/22/9822 15 JRS
Toluene <0 50 v 050 UG/L  82580/25ML 06/22/9822 15 JRB
1 1 1 Trichloroethene <0 50 u 0 50 UGsL  B260725ML. 06/22/9822 15 JRB
1 1 2 Irichloraethane <0 50 v 050 UG/L  B8260/25ML 0&6/22/9822 15 JRB
Trichloroethene <0 50 1] 0 50 UG/L  B260/25ML 06/22/9822 15 JRB
Vinyl chloride <0 50 1] 050 UG/L B260/25ML 06/22/9822 15 JrB
13 Dichlorepropane a0 v 10 UG/L B260/25ML 06/22/9822 15 RS
2 2 Dichloroperopane <10 u 10 UG/L B8250/25ML 06/22/9822 15 Ji8
1 2 D1bromo-3 chloropropane <1 0 U 10 UG/L  B260/25ML 06/22/9822 15 JR8
1 2 bdibromoethane <0 50 U 050 UG/L B8260/25ML 06/22/9822 1S JRB
Bromoeh loromethane <10 u 10 UG/L  B8260/25ML 06/22/9822 15 JRB
Dibremomethane <10 v 10 UG/L 8280/25ML 06/22/9822 15 JRB
1 1 Drchlorcpropene <5 0 v 50 UG/L 8260/25ML 06/22/9822 15 JRB
n/p Xylenes <0 50 u 0 50 UG/L 8260/25ML 06/22/9822 15 JR8
o Xylene <0 50 u 0 50 UG/L  8260/25ML 06/22/9822 15 JRB
1 2 3 Trichlorobenzene <0 50 v 050 UG/L  8260/25ML 08/22/9822 15 JRS
1 2 4 Trichlorobenzene <0 50 U 0 50 UG/L  B260/25m. 08/22/9822 15 JRB
1 2 & Triethylbenzene <0 50 v 0 50 UG/L 8250/25ML 06/22/9822 15 JRB
1 3 5 Trimethylbenzene <0 50 v 050 UG/L  B280/25ML 06/22/9822 15 JRB
7 Bromobenzene <0 50 v 0 50 UG/L  8260/25ML 08/22/9822 15 JRB
Hexachlorobyted ene - NIDOSHINNZ/EMN  WOdd
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Dete 06/25/98 Recre Labnet Unfversity Park Page ¢
Twwe 09100 55 Envirogen Rept AN104(
Sample Summary Excluding Internal Stendards/Surrogetes
Recra LabNet
Seaple ID 251 EFFLUENT Dete Received 06/19/98
Lab 1D P8131502 Project No PABA7515
Date Cotllected 06/15/98 Clrent No L80259
Time Collected 13 00 PO Ko
~
Detaction Date/Time
Paremeter Result Flag Limie Unjes _ Method Analyzed  Analyst
Isopropylbenzene <0 50 v 0 50 UG/L  8260/25M. 05/22/9822 15 JRB
n Butylbenzene <0 50 u 0 50 UG/L  B260/25ML 06/22/9822 15 JRB
n-Propylbenzene <0 50 7] 0 50 Us/L  B250/25ML  06/22/9822 15 JRS
Nephthalene <10 v 10 UG/L 8260/25ML 06/22/9822 15 JRB
o Chlorotoluene <0 50 ] 0 50 UG/L 8260/25ML 06/22/9822 15 JrB
p Chiarotoluene <0 50 v 0 50 UG/L  B260/25ML 06/22/9822 15 JRB
p Cymene <0 50 v 0 S0 UG/L B260/725ML 06/22/9822 15 JR8
sec Butylbenzene <0 50 [V} 050 Ug/L  B260/25ML 06/22/9822 15 JRrB
tert Butylbenzene <0 50 v 0 50 UG/L  8260/25ML 06/22/9822 19 JRB
Metals Anslysis
Iron Total <0 050 v 0 050 MG/L 200 7 06/23/98 MLG
;]



bate 06/25/98 Recra Laebnet Unmiversity Park Page L]
Time 09 00 55 Envirogen Rept ANIO1C
Sample Summary Excluding Internal Standards/Surrogates
Recre LabNet
~
Sample 10 TRIP BLANK Date Received 06/19/98
Leb 1D PB131503 Project No PABA7515
Dats Collected 06/15/98 Client No 1B0259
Time Collected PO No
Detection Date/Time
Pargmeter —Result Elag omit —Units _ Meghod __ Analyzed  Analyst
€PA 8260 (25 ML PURGE) VOAS
Benzene <0 50 v 050 UG/L 8260/25ML 06/22/9829 43 JRB
Bromodychloromethane <0 50 v 0 50 UG/L  B260/25ML  046/22/9821 ‘} JRB
Dichlorodi fluoromethane <0 50 v 0 50 UG/L  8260/25ML 06/22/9821 43 JRB
Bromoform <0 50 u 0 50 UG/L  8280/25ML 06/22/9821 43 JR8
Sramomethane <10 v 10 UG/L  8260/25ML 06/22/982% 43 JRB
Corbon Tetrechlorfde <0 50 v 050 UG/L  B2650/25ML 06/22/982) 43 JRB
Chlorobenzene <0 50 u 050 UG/L  B250/25ML 06/22/9821 43 JIRB
Chtoroethane <0 50 u 050 UG/L  8260/25ML 06/22/9821 43 JREB
Chloroform <0 50 v 050 UG/L  8260/25ML  06/22/9821 43 JRB
Chloromethane <0 50 U 050 UG/L  B260/25ML  06/22/9821 43 JR8
Dibromoch Loromethane <0 50 1] 050 UG/L  8260/25ML 06/22/9821 43 JRB
1 2 Dichlorobenzene <0 50 v 050 UG/L  8260/25ML 06/22/9821 43 JRB
1 3 Dichlorobenzene <0 50 3] 0 50 UG/L  8260/25ML 06/22/9821 43 JRrB
1 4 Dichlorobenzene <0 50 U 050 UG/L  B260/25ML 06/22/9821 43 JRB
1 1 Dfchloroethane <05 U 050 UG/L  B260/25ML 06/22/9821 43 JRB
1 2 Dichloroethene <0 50 v 0 50 UG/L  B260/25ML 06/22/9821 43 JRB
1 1 Dichtoroethone <0 S0 v 0 50 UG/L  B8260/25ML 05/22/9821 43 JRB
18 1 2-Dichteroethene <0 50 v 0 50 UG/L B260/25ML 06/722/9821 43 Jaa
trans 1 2 Dichloroethene <0 50 v 0 S0 UG/L  B250/25ML 06/22/9821 43 JRB
1 2 Dichloropropane <050 U 0 50 UG/L  B8260/25ML 06/22/982) 43 JRB
c18 1 3 Dichloropropene <0 50 v 0 50 UG/L B260/25ML 06/22/9821 43 JRS
trens 1 3 Dichloropropene <0 50 v 0 50 UG/L 8260/25ML 06/22/9821 &3 JR8
Ethylbenzene <0 SO v 0 So UG/L  B260/25ML 08/22/9821 43 JRB
Methylene chloride <10 ] 10 UG/L  8260/25ML 06/22/9821 43 JRB
Styrene <0 50 V] 0 50 UG/L 8260/725ML  06/22/9821 43 4 JRB
1 1 1 2 Tetrachloroethane <0 50 u 0 50 UG/L B260/25ML 06/22/9821 43 JRB
1 1 2 2 Terrachloroethane <0 50 v 0 50 UG/L B260/25ML 06/22/9821 &3 JR8
Tetrachloroethene <0 50 v 0 50 UG/L  8260/25ML 06/22/9821 43 JRB
Trichtorofluocromethane <0 S0 7} 050 UGsL 8260/25ML 06/22/9821 43 JRE8
1 2 3 Trichloropropene <0 50 [’} 0 50 UG/L  8260/25ML  06/22/982% 43 JRB
Toluene <0 50 V) 0 50 UG/L  8260/25ML 06/22/9821 43 JRB
1 1 1 Trichloroethane <0 50 v 0 50 UG/L 8260/25ML 06/22/9821 43 JRrB
1 1 2 Trichloroethane <0 50 y 0 50 UG/L  8260/25ML 06/22/79821 &3 JRB
Trichloroethene <0 50 u 0 50 UG/L  8260/25ML 06/22/9821 43 JRB
vinyl chtoride <0 50 v 050 UG/L  8260/25ML 0672279821 43 JRB
1 3 Drichloropropane <10 v 10 UG/L  8260/25ML 06/22/9821 43 JR8
2 2 bichloropropane <1 D U 10 UG/L  8260/25ML 06/22/9821 43 JRB
1 2 Dibromo 3 chloropropane <10 U 10 UG/L B260/25ML 06/22/9821 43 JRB
1 2 01bromoethane <0 50 V] 050 UG/L  8260/25ML 06/22/9821 43 JRB
Bromoch | oromethene <10 v 10 UG/L  8260/25ML  06/22/9821 43 JRB
bibromomethane <10 v 10 UG/L  B260/2SML 06/22/9821 43 JRB
1 1 Dichloropropene <50 u 50 UG/L  B82650/25ML 06/22/982% 43 JRB
n/p Xylenes <0 50 v 0 50 UG/L  B260/25ML 06/22/9821 43 JR8
o Xylene <0 S0 1} 0 50 UG/L  B260/25ML 06/22/9821 43 JRB
1 2 3 Trichlorobenzene <0 50 U 0 50 UG/L 8260/25ML 06/22/9821 43 JRrB
1,2 4 Triehlorobenzene <0 50 ] 0 50 UG/L B8250/25ML 04/22/9821 43 JRB
1 2 4 Tripethy(benzene €050 v 050  UG/L 8260/25ML 06/22/9821 43 JRB
13 5 Trimethylbenzene 05 v 050  UG/L B8260/25ML 06/22/9821 &3 ke
B8romobenzene <0 50 1] 0 50 HAZE  BIEAM A aaem -
NID0H INNI/ AW WOXA
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N
l b 7 pete 06/25/58 Recra Lsbnet University Perk Poge ¢

Time 09 00 55 Envirogen Rept AN101(¢
Sample Sumery Excluding Internal Standsrds/surrogstaes
' Recro Lablet
Sample 1D TRIP BLANK Date Received 06/19/98
Ladb ID P8131503 Project Mo PABA7S1S
l pate Collected 06/15/98 Client No L80259
Time Cotlected PO Mo
' | Detection Dete/Time
_Parameter Resuly Etag Limit Unite __Method Apslyzed  Anglyst
1sopropylbenzene <0 50 U 0 50 UG/L  8250/25ML 06/22/9821 43 JR8
‘ n Butylbenzene «©0s0 U 050  UG/L 8260/25ML 06/22/9821 43 JRB
' n Propylbenzena <0 50 v 0 50 UG/L  8260/25ML 0672279821 43 JRre
Naphthslene <1 0 v 10 UG/L 8260/725ML. 06/22/982% 43 JR8
o-Chlorotoluene <0 50 1] 0 SO UG/L  B260/25ML  06/22/79821 43 JRB
p-Chlorotoluene <0 50 v 0 50 UG/L  B260/25NL 05/22/9821 43 JRB
p Cymene <0 50 u 0 50 UG/L 8260/25ML 06/2279821 43 JRB
sec Butylbenzene <0 50 v 050 UG/L  8260/25ML  06/22/9821 43 JRB
l tert Butylbenzerme <0 50 U 050 UG/L  8260/25ML 06/22/9821 43 JRB
7
| ,
' »
. P
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Date 046/25/98 Recra Labnet University Park Page
Time 09 00 S5 Envirogen Rept ANI0¥(
Sample Summary Excluding Internal Stenderds/Surrogates
Recrs LahNet
P
sanple ID Method Blank(VBLK22) Date Receirved
Lab 10 PB131504 Project No PABA7515
Date Collected clfent Ho 180259
Time Coltected PO Mo
Detection Date/Time
Paremeter ——Result _ Flag ____Lamit Unfts _ Method Analyzed Analyst
EPA 8260 (25 ML PURGE) VOAS
Benzene <0 50 1) 0 50 UG/L  8260/25ML 06/22/9821 12 JRB
Bromodichloromethane <0 50 v 0 50 UG/L  8260/25M1 06/22/9821:12 JRB
Dichlorodifluoromathane <0 50 U 050 UG/L  8260/25ML 06/22/9821 12 - JRB
8romoforn <0 50 v 0 50 UG/L  B250/25ML D6/22/9821 12 JRB
Bromomethane <10 1] 10 UG/L  8260/25ML 06/22/9821 12 JRB
Cerbon Tetrachloride <0 50 v 050 UG/L 8260/25ML 06/22/9821 12 JRB
Chlorobenzene <0 50 v 0 50 UG/L  B260/25ML ©06/22/9821 12 JRB
Chloroethane <0 50 v ¢ 50 UG/L B8260/25ML.  06/22/9821 12 JRB
Chloroform <0 50 7] 0S50 UG/L 8260/25ML 04/22/9821 12 JRB
Chloromethane <0 50 u 050 UG/L  8260/25ML 06/22/9821 12 JRB
Dibromochloronethane <D 50 U 0 S0 UG/L  B250/25ML 06/22/982% 12 JRB
1 2 Dichlorcdenzene <0 S0 v 050 UG/L  B250/25ML 06/22/9821 12 JRB
1 3 pichlorobenzene <0 50 v 0 50 UG/L  8260/25ML 06/22/9821 12 JRB
1 4 Dichlorobenzene <0 50 1] 050 UG/L 8260/25M. 06/22/9821 12 JRB
1 1 Dichloroethane <0 50 v 0 50 UG/L  8260/25ML  04/22/9821 125 JRB
1 2 bichloroethane <0 50 v 0 50 UG/L  B280/25ML 06/22/9821 12 JRB
1 1 Dichloroethene <0 50 U 050 UG/L  8260/25ML 06/22/9821 12 JRB
cis 1 2 Dichloroethene <0 50 u 0 50 UG/L B260/2SML 06722/9821 12 JRB
trans 1 2 Dichloroethene <0 50 v 0 50 UG/L  8280/25ML 06/22/9821 12 JRB
1 2 Dichloropropane <0 50 v 050 UG/L  8260/25ML 06/22/9821 12 JR8
cis 1 3 Dichloropropene <0 50 v 0 50 UG/L  8260/25ML 06/22/982%1 12 JRB
trans-1 3 Dichloropropene <0 50 v 0 50 UG/L B250/23ML 06/22/9821 12 JRS
Ethylbenzene <0 50 U 0 50 UG/L  B260/725ML 0672279821 12 JRB
Nethylene chloride <1 0 v 10 UG/L  8260/25ML 06/22/9821 12 JRB
Styrene <0 50 U 0 50 UG/L  B260/25ML 06/22/9821 12 JRS
1 1 1 2 Tetrachloroethane <0 50 v 950 UG/L  8240/25ML 06/22/9821 12 IRB
1 1 2 2-Yetrachlorcethane <0 50 ] 0 50 UG/L  B260/25ML 06/22/9821 12 JRB
Tetrachloreoethene <0 50 1} 0 50 UG/L  8260/25ML 06/22/982% 12 JRB
Trichlorof luoromethane <0 50 U 050 UG/L  8260/25HL 06/22/9821 12 JRS8
1 2 3 Trachloropropane <0 50 7} 0 50 UG/L B260/25ML 06/22/9821 12 JR8
Toluene <0 50 v 050 UG/L  8260/25ML 0672279821 12 JRB
1 1 1 Trichloroethane <0 50 ) 0 50 UG/L 8260/25ML 06/22/9821 12 JRB
1 1 2 Yrichlorosthane <0 50 v 050 ug/L  8260/25ML 06/22/9821 12 JRrB
Trichloroethene <0 50 u 0 50 UG/L  B260/25ML 08/22/9821 12 JRB
vinyl chloride <0 50 1] 0 50 UG/L  8260/25ML 06/22/9821 12 JRB
1 3 pichloropropene <10 v 10 UG/L 8260/25ML 06/22/9821 12 JRB
2 2 Drehloropropane <10 v 10 UG/L  8260/725ML 06/22/9821 12 JRB
1 2 Drbromo 3 chloropropane <1 0 U 10 UG/L  8260/25ML 06/22/9821 12 “JrB
1 2 pibromoethane <0 50 [} 0 50 UG/L  B260/25ML  06/22/9821 12 JRB
gromochloromethane <10 v 10 UG/L  B260/25ML 06/22/9821 12 J4R8
D1bromomethenc <10 v 10 UG/L  8260/25ML 06/22/9821312 JRB
1 1 Dichloropropene <5 0 v 50 UG/L 8260/29ML 06/22/9821 12 JRB
a/p Xylenes <0 50 v 0 50 UG/L  8260/25ML. 06/22/9821 12 JRS
o Xylenws <0 50 7] 0 50 UG/L  8260/25ML 06/22/9821 12 JRB
1 2 3 Trichlorobenzene <0 50 U 050 uGs/L  B8260/25ML  06/22/9821 12 JRB
1 2 & Trichlorobenzene <0 50 1] 0 50 UG/L  B260/25Ml  06/22/9821 12 JRB
1 2 4 Trimethylbenzene <0 50 v 0 50 UG/L  8260/25ML 06/22/9821 12 JRB
1 3 5 Trimethylbenzene <0 50 v 0 50 UG/L  8260/25ML 06/22/9821 12 JR8
8romobenzene <0 50 1] b so HEn /2R B8 A ema -
Te/S1 d 1SS 2T v1 62~-40 8661 I11E6 22 LIS NID0H INNS/HMN  WOX



P
' Date 06/25/98 Recra Labnet uUnfversity Park Page {
Time 09 00 55 Envirogen Rept AN101(
Sample Suwmary Excluding Internal Standards/Surrogates
' Recra Laeblet
sample 10 Method Blenk(VBLK22) Date Recelved
Lab 1D P8131504 Project No PABA7S1S
Date Collected Client No 180259
Tina Collected Pa No
l Detection Date/Time
perameter Result Eleq time Unree __Method Apalyzed Analyst
» lsopropylbenzene <0 50 v 0 50 UG/L B260/25ML 06/22/9821 12 JR8
n Butylbenzene <0 50 v 0 50 UG/L  8250/25ML 06/22/982%1 12 JRB
' n Propylbenzene <0 50 v 050 UG/L  8260/25ML 06/22/9821 12 JRB
Naphthalene <10 v 10 UG/L 8260/25ML 06/22/9821 12 JRS
o Chlorotoluene <0 50 v 050 UG/L 8250/25ML 06/22/9821 12 JRB
. p Chlorotoluene 05 v 050  UG/L B260/25ML 06/22/9821 12 JRB
p Cymene <0 50 ] 0 50 UG/L  8260/25ML 06/22/9821 12 JrB
sec Butylbenzene <0 50 u 0 So UG/L B260/25ML 06/22/9821 12 JRS
l tert Butylbenzene <0 50 v 050 UG/L 82680/25ML 06/22/9821 12 JIR8
FJ
1-
l ¥l
=
HINNI EMW  WOXS
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Date 06/25/98 Reera Labnet Untversity Park Pege
Time 09 00 55 Envirogen Rept ANT01
Sspple Summary Excluding Internst Stendards/Surrogates
Recre LabNet
Sample 1D Les22 Date Recetved
Leb 10 P8131505 Project No PABA7S15
Date Collected Client No 180259
Time Collected PO No
Detection Date/Time
Parameter Regult Flag Lime Unitg _ Met Analyzed _ Analyst

EPA 8260 (25 ML PURGE) VOAS
Benzene " 050 UG/L  B260/25ML  06/22/9819 37 JRB
Bromodichloromethane 10 0 50 UG/L  8260/25ML  06/722/9819 37 JRB
Dichlorods flucromethane 99 0 50 UG/L  B260/25ML 06/22/9819 37 JRB
Bromoform 10 0 50 UG/L B260/25ML 06/22/9819 3¥ JRB
Rromomethane 1 10 UG/L  B250/25ML 06/22/9819 37 JRB
Carbon Tetrachloride 10 0 50 UG/L B260/25ML 06/22/9819 37 JRB
Chlorobenzene 11 050 UG/L  8280/25ML 06/22/9819 37 JRB
Chloroethane 11 050 UG/L B8260/25ML 06/22/9819 37 JRB
Chloroform 10 050 UG/L 8240/25ML 06/22/9819 37 JRB
Chloromethane 92 0 50 UG/L B250725ML 048/22/9819:37 JRS
Di1bromochloromathane 1 o 50 UG/L 8260/25ML 06/22/9819 37 JRB
1 2 Dichlorobenzene n 050 UG/L  B260/25NL 046/22/9819 37 JRB
1 3 Dichlorobenzene 10 0 50 UG/t  B260/25ML 06/22/9819 37 JRB
1 4 Dichlorabenzene 1 0 50 UG/L B260/25ML 048/22/9819 37 JRB
1 1 Dichlorcethane 1 050 UG/L  8260/25ML 06/22/9819 37 JRS
1 2 Dichioroethane 171 0 50 Uc/L  8260/25ML 06/22/9819 37 JRB
1 1 Dichloroethene 10 0 50 UG/L 8260/25ML 05/22/9819 37 JRB
c13 1 2 Dichloroethene 11 050 uG/L  8260/25ML 06/22/9819 37 JRS
trans 1 2 Dichloroethene 10 0 50 UG/L  8260/25ML 06/22/9819 37 JRB
1 2 Dichioropropane 11 050 UG/L  8260/25ML 06/22/9819:37 JRB
ci1s 1 3 Dichloropropene 1 050 UG/L  B260725ML  056/22/9819 37 JRB
trans 1 3 Dichloropropene 11 0 50 UG/L  8260/25ML 06/22/9819 37 JrB
Ethylbonzene 1 ¢ 50 UG/L  B8260/25ML 06/22/9819 37 JRB
Methylene chloride 8 7. 10 UG/L  B260/725ML 06/22/9819 37 JR8
Styrens 1" 0 50 UG/L  8260/25ML 06/22/9819 37 JRB
1 1 1 2 Tetrachloroethane 11 050 UG/t 8260/25ML 06/22/9819 37 JRS
11 2 2 Terrachloroethane 12 050  UG/L 8250/25ML 06/22/9819 372 Jr8
Tetrachloroethene 1 0 50 UG/L  B8260/25ML 06/22/9819 37 JRB
Trichlorofluoromethane 10 050 UG/L 8260/25ML. 0672279819 37 JRB
1 2 3 Trichloropropane 12 0 50 UG/t 8250/25ML 06/22/9819 37 JRB
Toluene 11 0 50 UG/L B250/25ML 06/22/9819 37 JRB
1 1 1 Trichloroethene 10 050 UG/L  8260/25ML 06/22/9819 37 JRB
1 1 2 Trichloroethane 11 0 50 UG/L  B280/25ML 04/22/981% 37 JR8
Trichloreethene 10 0 50 UG/L  8260/25ML 0672279819 37 JR8
Vinyl chloride n 050 UG/L  82680/25ML 06/22/9819 37 JRS
1 3 O1chloropropane 1 10 UG/L B8260/25ML 06/22/9819 37 JRB
2 2 Dichloropropane 10 10 UG/L  8260/25ML 06/22/9819 37 JRA
1 2 Dibromo 3 chlorepropane 12 10 UG/L  8260/25ML 06/22/9819 37 JRS
1 2 Dibromoethane 11 0 50 UG/L  B260/25ML 06/22/9819 37 JRB

@ Bromochloramethane " 10 UG/L  8260/725ML 06/22/9819 37 JRB

D1bromomethane 11 10 UG/L  B260/25ML 06/22/9819 37 JRE
1 1 Dichloropropens n 50 UG/t 8260725ML  06/22/9819 37 JRB
»p Aylenes 2 0 50 UG/L  B280/25ML  06/22/981% 37 JRS
o Xylene 1 0 S0 UG/L  8260/25ML 06/22/9819 37 4m8
1 2 3 Trichlorobenzene 1 0 50 UG/L  8260/25ML 06/22/9819 37 JRB
1 2 4 Trichlorebenzene 10 0 50 UG/L  8280/25ML 0672279819 37 JRB
1 2 4 Trimethylbenzene 10 050 UG/L  B280/25ML  06/22/9819 37 JRB
1 3 5 Trimethyibenzene 11 0 S0 uG/L 05/22/9819 37 JR8
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Dote 06/25/98
Time 09 0055

Sample ID LCS22
tab 10 P8131505
Date Collected
Time Collected

Recra Labnet University Park

Envirogen

Sample Sumnary Excluding Internal Standsrds/Surrogates
Recra LabNet

Page

~

1

Rept AN101

Date Received
Project No PABAZ51S
Client No LB0259

PO No
Detection Dote/Time
Paramster Resul e Fiag Lime unfets _ Methed Analyzed danalyst
1sopropylbenzene 1" 0 50 UG/L 8260/25ML 06/22/9819 37 JRB
n Butylbenzene 11 050 UG/L  8260/25ML 06/22/9819 37 JRB
n Propylbenzene " 050 UG/L B8260/25ML 06/22/9819 37 JRB
Naphthalene 1% 10 UG/L  B260/25ML 04/22/9819 37 JRB
o Chlorotoluene 11 050 UasL  8260/25ML 05/22/9819 37 Jrs
p-Chiorotoluene 10 0 SO UC/L  8260/25ML 06/22/9819 37 JRB
p Cymene 1" 0 50 UG/L  B260/25ML  06/22/9819 37 JRB
sec Butylbenzene 1 0 50 UG/L 8280/25ML 06/22/9819 37 JRB
tert Butylbenzene 10 0 50 UG/L  8280/25ML 06/22/9819 37 JRB
N
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l Date 06/25/98 Recra Labnet Umiversity Park Page 11
Twme 09 00 55 Envirogen Rept AN1010
Sample Summary Excluding Internal Stendards/Surrogates
' ! Racra LebNet
Somple I0 Method Blank Dete Recelved 3
Lab ID P8BO172301 Project No PABA751S
Dete Collected Client No L80259
! Time Collected PO No
' Detection Date/T{me
| erameter Resuit Flag Lime Units _ Method Anatyzed _ analyst
Metals Analysis
l| lron Totsl <0 050 v 0 050 MG/L 200 7 06/23/98 MLG
|
i
7
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Dote 06/25/98 Recra Labnat University Park Page 1
Time 09 00 55 Envirogen Repd  AN1010
gSample Summary Excluding Internal Standards/Surrogates
Recre LabWNet
sample 10 Matrix Spike Blank Date Received
Lab ID P8B0172302 Project Ho PABA?515
Date Collected Client No L80259
Time Cotlected PO Mo
Detection Date/Timo
Parameter Regule flag Limt Units _ Method Analyzed _ Analysg
Metals Analysis
Iron Total 0 89 0 050 MG/L 200 7 06/23/98 NLG
F
FJ
NIDOY INNI/H3MN - WO
1c/02 4 1TSSy 1T vl 62-2.0 8661 1I£6 228 L13
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' RECRA LARNET UNIVERSITY PARK
EPA 8260 25 ML PURGE VOAS
WATER SURROGATE RECOVERY
' Iab Name Recra labNet Contract
l lLab Code RECPA Case No SAS No SDG No
=
l Client Sample ID BFB DCE TCL TOT
sREC #|3REC #[<REC # 0.8y
1 251 EFFLUENT 112 92 112 0
2 251 INFLUENT 112 92 112 0
3 | 1L0S22 100 95 99 0
4 Method Blank (VBLK22) | 109 93 107 (4]
l 5 | TRIP BLANK 110 91 103 Lo J
l oC LIMITS
BFB = p-Bromofluorcbenzene ( 78-114)
DR = 1 2-Dachlorcethane-M { 76-130)
I TOL = Toluene-D8 ( 86-114)
# Colum to be used to flag recovery values
* Values ocutside of contract required QC limits
D Surrogates diluted ocut
il -
l P
7
l FORM ITI - GC/MS VoA
l Te/t2 4 ISSH TIT ¢vT 62-,0 8661 1186 22 LTS NIDON IAN3/EMN  WOH-d



l RECRA LABNET UNIVERSITY PARK
EPA 8260 25 ML PURGE VOAS
WATER MATRIX SPIKE BLANK RECQOVERY

. 7Lab Name Recra IabNet Contract __ Iab Samp ID PB131504
' lab Oode RECPA Case No SAS No SDG No

Matrix Spike - Client Sample No  Method Blank (VBIK22)

SPIKE MSB MSB QC
ADDED CONCENTRATION % LIMITS
OOMPORD G/L wG/L REC # REC
1 1-Dichloroethene 10 10 100 63 - 137
Trichloroethene 10 10 100 72 - 128
Benzene 10 11 110 72 - 128
Toluene 10 11 110 72 - 128
Chlorobenzene 10 11 110 72 - 129
Bromodachloromethane 10 10 100 €1 - 145
Bromoform 10 10 100 55 - 151
Bromomethane 10 11 110 39 - 154
Carbon Tetyxachlorade 10 10 100 48 - 164
Chlorcethane 10 11 110 38 - 175
Chloroform 10 10 100 67 - 138
Chloromethane 10 9
jLDJ.bramclﬂ.ormethane 10 11
1 2-Dachlorcbenzene 10 11
1 3-Dichloxrcbenzene 10 10 100 56 - 127
11
11
11

|

110 59 - 145
110 61 - 125

1, 4-Dichlorchbenzene 10 110 60 - 125

1 1-Dachloroethane 10 110 69 ~ 133

i

1 2-Drchlorocethane 10 110 63 - 141
trans-1 2-Dichloroethene 10 10 100 68 - 138
1, 2-Dichloropropane 10 11 110 67 - 132
trans-1 3-Dichloropro(l) 10 11 110 67 - 135
c1s-1 3-Dichloropropene 10 11 110 64 - 135
Ethylbenzene 10 11 1310 65 - 138

l Methylene chloride 10 8 7 87 49 - 136

1,1,2 2-Tetrachloroet (2) 10 12 120 70 - 126
Tetrachloroethene 10 11 110 68 - 135
11 i-Trachlorcethane 10 10 100 61 - 150
1 1 2-Trachloroethane 10 11 110 71 - 127
Trichloroflucromethane 10 10 100 17 - 231
Vanyl chloride 10 11 110 44 - 147
1,2,3-Trichlorcpropane 10 12 120 67 - 130
Dibromomethane 10 11 110 75 - 125
cis-1 2-Dichlorcethene 10 11 110 75 - 129
Styrene 10 11 110 73 - 129

el

FORM III GC/MS VOA

62~-,L0 86671 116 228 1S NID0Y 1NN /EMN  WOoXH

Ie/22 4 1SS8 IT vl



RECRA LABNET UNIVERSITY PARK
EPA 8260 25 ML PURGE VOAS
WATER MATRIX SPIKE BLANK RECOVERY

lab Name Recxa IabiNet

Contract
lab Code RECPA Case No GAS No
Matrix Spike - Client Sample No Method Blank (VBIK22)

(1) trans-1 3-Dichlorcpropene
(2) 1,1 2,2-Tetrachloroethane

# Colum to be used to flag recovery and RPD values with an asterisk
* Values outside of OC limts

Spike recovery 0 cut of 34 outside lamts

Caments

Lab Samp ID P8131504
SDG No

7

FORM III GC/MS VoA
e/ o4 ISSH 2T vl 62~-L0 8E66T 11e6 228 LIS

N3IDOH I NI/ 8MN WOoYd



' RECRA LABNET UNIVERSITY PARK
EPA 8260 25 ML, PURGE VOAS
METHOD BLANK SUMMARY Client N
l ) Method Blank (VBLK22)
Lab Name Recra LabNet Contract
' Lab Code RECPA Case No sSas No SDG No
Lab File ID E0622018 RR Lab Sample ID P8131504
l Date Analyzed 06/22/98 Time Analyzed 21,12
GC Column DB-624 ID 0 53 (mm) Heated Purge (Y/N) N
' Instrument ID PA~-HPMS-5
b4
. THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES MS AND MSD
CLIENT LAB LAB TIME
' SAMPLE NO SAMPLE ID FILE ID ANALYZED
1 251 EFFLUENT P8131502 E0622020 RR 22 15
2 251 INFLUENT P8131501 E0622021 RR 22 47
l 3 LCs22 P81l31505 E0622015 RR 19 37
4 TRIP BLANK P8131503 E0622019 RR 21 43 J
l Comments
i -
. P
l FORM IV - GC/MS VoA
L4

WO
' e/ 4 TSSH 2T vl 62-40 8667 1T1€6 222 L1S N300 I AN/ HMK



[Da(e 06/25/98 16 50

RECRA LABNET UNIVERSITY PARK

Rept ANOD36
R bl -
A Chient sample ID Method Blank Matrix Spike Blank
Lab Sample D PBBO172301 P880172302
Concentration
Units of glank Spike % Recovery [ QC
Analyte Measure Spike Amount Blank SpikejLIN{IS
TOTAL METALS ANALYSIS
IRON TOTAL WATER MG/L 0 8¢9 1o 89 75 125
* Indicates Result is outside QC Limits
HWC  Not Calculated ND = Not Celculated

N Q\Recc-a Lab¥et
! N

NIOONIANT/HMW  WOXS

1Ig6 22¢ 4TS

zZT vl £2-L0 8667

1£/52 4 1550
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RECRA LabNet Use Only ‘ EaE&Re‘t\ g
-
Custody Transfer Record/Lab Work Request ]
- £
“Glient e iy Aeirigerator § ‘ L 3
i i ' m
Egt, Final Prof Saoipilng Date ... T——— i 4Type Contalnes g:l:: r Y - I . P4
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ac 1 9] LTAY 3L - ORGANIC N INORG i
PRSI =W L] ANALYSES = j
Date Rec d Date Due peauester — P { S 1 3 138} § I BRI - z
Account 4 5| ajac| T n s t
é“S‘“& Mari | k1 RECRA LabNet Use Only ]
D
Lab y Date Timo §
ga g?" ot 0 Cllent ID¥Description Ctzo/e;m Matrix Soltected cw“t!’d Q
il
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o RECRA LabNet Use Only ®
Speclal Instructions 1 o o
Samples were COC Tape was. N
| 2 1) Shpped . or 1) Present on Outer N
3 Hand Dellvered __.  Package Y or N w
! A 2) Unhroken on Outer
4 @ Chiled Package Y or N -
\ —
| 3) Received in Good Q) Present on Sample b
5 T . Condltion Y or N Y or N R.)
i 6 4) Labels [ndicate 4) Unbt ken on
i Properly PmsarvedN Sample Y or N -
Relln%ulshed Received Date Time Relln%ulshed Rec;lvad Date Time Discropancies Betwean Y or COC Record Frasenl &
y by ) Y y Samgles Lables and 5) Recetved Wihin ~ Upon Samgle Pect a
EZ] [] / // [?X ' ! COC Record?1¥ or N Holding Yimes Y a N v
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Desorption Test Matenal Soil Sampl Golders lowa GB 1 IC3 3808 976-1083 (30 319)
Column Volume 283 6 cm3
Porosity 034
Pore Volume 96 mL
Flow Rate 0 26 mL/min
Sample ID Volume  Cummulative  Pore Volume Organic Concentration ( ug/L )
Volume
(mL) {(mL) TCE
1 10 86 109 00 522
2 10 65 215 01 936
3 10 53 320 02 1169
4 1108 431 03 1097
5 1176 549 04 1031
6 107 656 06 986
7 1092 765 07 761
8 116 88 1 08 517
9 1172 99 8 09 484
10 1145 1113 10 325
11 115 1228 12 267
12 116 1344 13 169
13 11 61 1460 14 169
14 1127 157 3 156 123
15 119 169 2 16 95
16 1142 1806 18 78
17 116 1922 19 62
18 1144 203 6 20 61
19 1076 214 4 21 57
20 1127 2256 22 46
21 11 81 2375 24 49
22 1069 248 1 25 47
23 973 2579 26 45
24 1165 2695 27 33
25 1148 2810 28 46
26 1155 2926 29 39
27 10 82 3034 30 31
28 1164 3150 32 28
29 133 3283 33 51
30 1189 3402 34 25
31 1179 3520 35 25
32 117 3637 37 21
33 1171 3754 38 14
34 10 42 3858 39 15
35 1225 398 1 40 10
36 1168 409 8 41 11
37 1073 4205 43 99
38 105 4310 44 12
39 1166 442 6 45 11
40 1124 4539 46 12
41 1162 4655 47 12



Desorption Test Matenal Soil Sampl Golders lowa GB 1 IC3 3808 976 1083 (30 31 9)
Column Volume 283 6 cm3

Porosity 034

Pore Volume 96 mL

Flow Rate 0 26 mL/min

Sample ID Volume  Cummulative  Pore Volume Organic Concentration ( ug/L )
Volume
(mL) {mL) TCE

42 10 68 476 2 48 13
43 1248 4887 50 96
44 1207 5007 51 10
45 10 46 5112 52 79
46 12 61 523 8 53 60
47 1271 536 5 55 12
48 1184 548 4 56 76
49 1194 5603 57 54
50 1197 5723 58 85
51 1035 582 6 60 57
52 15 54 598 2 61 57
53 1169 6098 62" 65
54 1138 6212 64 81
55 1148 6327 65 64
56 1161 644 3 66 68
57 1078 655 1 67 74
58 11 89 6670 68 53
59 119 678 9 69 58
60 1179 6907 71 55
61 12 01 7027 72 52
62 11 92 7146 73 48
63 1178 726 4 74 49
64 1175 738 1 76 68
65 1165 7498 77 60
66 1178 7616 78 33
67 118 773 4 79 69
68 11 51 784 9 81 60
69 1164 7965 82 76
70 11 61 808 0 83 34
71 1148 8195 84 42
72 1134 8308 85 31
73 11 61 8425 87 35
74 1184 8543 88 47
75 153 869 6 89 39
76 1139 8810 91 47
77 1153 8925 92 44
78 1143 903 9 93 46
79 1168 9156 94 64
80 1117 926 8 95 24
81 1174 9385 97 na
82 1168 950 2 98 65

83 1009 960 3 99 51



Desorption Test Matenal Soil Sampl Golders lowa GB 1 1C3-3808 976 1083 (30 319)
Column Volume 283 6 cm3
Porosity 034
Pore Volume 96 mL
Flow Rate 0 26 ml/min
Sample ID Volume  Cummuiative  Pore Volume Organic Concentration ( ug/L )
Volume
(mL) {mL) TCE
84 1187 9722 100 56
85 11565 9837 10 1 35
86 12 16 9959 102 42
87 121 1008 0 104 50
88 12 47 1020 5 105 42
89 122 10327 106 33
90 1114 1043 8 108 39
91 377 10815 109 07
92 38 11 11196 113 16
93 377 1157 3 117 26
94 377 11950 121 20
95 42 38 1237 4 124 21
96 377 12751 129 27
97 377 13128 133 26
98 377 1350 5 137 28
99 377 1388 2 141 17
100 36 81 14250 145 17
101 377 14627 148 14
102 377 1500 4 152 19
103 377 1538 1 156 19
eof//



ACL

ADVANCED CHEMISTRY LABS, INC

Phone (770) 409 1444
Fax (770) 409 1844
Outside GA (800) 277 0520

Chient Golder Sterra LLC
3730 Chamblee Tucker Road
Atlanta GA 30341

Contact Mr Rafael Ospina

3039 Amwiler Road Suite 100 Atlanta GA 30360
PO Box 88610 Atlanta GA 30356

http //'www mindspring com/~acl

e mail acl@mindspring com

Cooper / McGraw Edison / I1A
Client Project No 986 1083
ACL Project No 27200
Date Received 10 14 98
Date Reported 10 15 98

Sample ID ACL # Matrix
GB 1(4548) 132957 Soil
GB 1 (41 43) 132958 Soil

BDL = Below Detection Limit

TOC
(9060) (ma/ka)

Result Det Limit Date Analyzed

410 50 0 10 15 98
BDL 50 0 10 15 98
Johnmﬁw



QUALITY CONTROL SECTION



ACL

ADVANCED CHEMISTRY LABS, INC

Phone (770) 409 1444
Fax (770) 409 1844
Outside GA (800) 277 0520

3039 Amwiler Road Suite 100 Atlanta GA 30360
PO Box 88610 Atlanta GA 30356

http l'www mindspring com/~acl

e maill acl@mindspring com

Cooper / McGraw Edison / 1A

Chent Golder Sierra LLC Client Project No 986 1083
3730 Chamblee Tucker Road ACL Project No 27200
Atlanta GA 30341 Date Received 10 14 98
Date Reported 10 15 98
Contact Mr Rafael Ospina
TOC (9060) QC Data
Method Blank TOC
Station ACL # Matrix (9060) (ma/kq)
Soil Blank Soil <500
QC Ref Std Expected Actual
Station ACL# Value (mg/kg) Value (ma/kq)

Acceptance Range

QC std

BOL = Below Detection Limit

6250 6551 4690 7810



--IEL?-----

3039 Amwiler Road Suite 100 Allanta GA 30360 =

SN P N UM EN A O 6N an e

ADVANCED CHEMISTRY LABS, INC

P O Box 88610 Allanta GA 30356 a (770) 409 1444 Fax (770) 409 1844

Phone #

Coinpany Name (};0) y9g b~/ g7
60/556( Svevra LLC  fay é}o)?%‘-}-‘?‘/?é

Company Address Sile Location A G Ed -
5330 C hanhlee Tu ke pd S e o mewen
ﬁj//o\—\m}r«) 6H 3p034] (enrecnlle, Tn

Client Project (#) YRL *IOQB)

Project Manager

CHAIN OF CUS1ODY RIFCORD
AND ANAI YSIS RLQULS 1

-ANALYSIS REQUEST

g YR
)24\ %240‘ O\S P'W\ (Name)COOPG(Mr_6(4\u~8)1$bn LH /7 _ O [~
| atest that the proper field sampling Sampler Name (Pm ’ é
procedures were used during the R )9 f'}q £ OSP' ﬁ\’/‘} a /— D
collection of these samples A
U P
Field § Matrix P%es‘;‘r?rgd Sampling |\ _| - /]/F(
Sample §
@ U
ID S5 - o 5 &lo 2l 5| o ©
2§85§§§9§2‘§2§g E& Remarks
(B (¥5-498') X1 54496 —
G B (11-43) 549¢ — |X

Special Detection | muts Remarks / ‘Q TAT Speclal Handling
~
n o 20 07 &P Prionty (24 hr) 5| AcL Contact
> clvoe Q C{C Rush (48 hr) 4 Phore C;B;
Rush (72 hr} L) Quote #()\—-\ \&/i ‘f/‘(ﬁ
Special Reporting Requirements Lab Use Only Cooler Temp Normal 11jP O
Need s <) doin( /)eJ> by QAIQC Level
Fax[) 10//B/98 be S o Pur | ACL Project # c Level 17 Level 21 ) Other (]
Relinquished by Sampler ED Dale Time Recewved by
o)& OJPW\« /4481 )38
CUSTODY Relinquished by 7 U M Date Time Received by
RECORD ] _
Relinquished by ale _Time Received by Labgratory —
[0 /y/é)f (7 /37 |Waybia "~ J ,,;ﬁz )4”%,&
v a7




1D Fate and Transport Transient Model Bear (1979) page 268 269 MathCad V6 1dtce mcd

Ref Bear J (1979) Hydraulics of Groundwater McGraw Hill NY
McGraw Edison Superfund Site Centerville IA  Job 986 1083

v = 06 Groundwater velocity ft/day

0693

t50 =600 Half Life for TCE Contaminant in days A ”
t

Rf =14 Retardation Coefficient for TCE

a =277 Longitudinal Dispersivity in ft
Co -6700 Source TCE Concentration in ppb

t 30365 Timeindays

1 Rf\%°
ﬂ {—2*+}\.—
\4 o av
5 05
al - [~ 4ra | t
R Rf
i t 0Ss
a2 2{av—|
Rf’
1 -0 19
X =50+150
[x - al [ 1
_Co [ X, x-a x+a
C —?explz—a> (exp( X B) erﬂ'c( " Texp(xi B) erffc > Solution for C(x t)

t -11 365 Time since Reactive Wall installed

2 05 05
alz—‘i—+4kal t a2 =2 avi
Rf Rf

x +all|
) +C with Reactive
a2

" wall

p -_C° eXp(_x'_) (exp< X [3) erﬂ‘c(x' ;zal) + exp(xl B) erffc

GOLDER SIERRA

Solution for C(x t)



TCE Concentration (ppb)
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Gl S5 OB GOSN N G O A AN Tam AN N BE A 4 an O e e
October 1998 986 1083

BIOSCREEN Natural Attenuation Decision Support System McGraw Edison | Data Input instructions
Air Foree Genter for Ervironmental Excefletce Version ¥ 4 tee T A5 et Enter value dyently  or
Run Nama WP or 2 Calculate by filing in grey
1 HYDROGEOLOGY 5 GENERAL L [om]¥  ceus below (fo restore
Seepage Velotity™ Vs 222 @ Modeled Area Length® [ 1000 g - P formutas fut button below)
o o Modsled Area Widihe | 200y w TESSTS [ Vanable® wb-Data nsed drectly in niode]
Hydrault Sonductivty K 50K D3 lomiseg)  Simulation Tine® 30 ¥ i Value calcutated by model
Hydraulie G adient ) 90015 (A o {Don t enter any data)
Puorosity B B35 i(} & SOURGE DATA
Sottes Thickness it Sat Zoner® 20 }{@ Vertical Plane Source Look at Plume Cross Section
2 DISPERSION Soltce Zonas and Input Concentrations & Widths
Lotgitudinal Dispersivity®  alphax 2770 iy Whdth* Lotk (/L) forZones 1 2 and 3
Transwerse Disparsivity*  alptay 10 i 10 ‘\\
Vettical Dispersity* aiphe 7 00 ifm 10
of oy | 0 50 | 8 |y =% " °'m Dﬁ = =3B m
Estimated Plume Length  Lp 500 o N . A /
3 ADSORPTION ;
Retardation Factet* R 14 i} 100 100 View of Plume Laoking Down
or § ot
Soit Bulk Density tho 37  ithot Hefuke Mass sarved Cenlethine Concentrations at Motufonng Wells
Partibon Coetficient Koc 216 ifikg i Sourca NAPL, Soit i Na Data Leave Blank or Enter "
Fracton QrganicCarbon foc S0E-3 i(} 7 FIELD DATA FOR COMPARISON L
o . Concenttation (mglyf 70 009 045 051
4 BIODEGRADATON 2SR SR E R 0 | 700 | 200 | 300.) 400|500 | €00 | 700 |. o |
14t Order Decay Couti ampds 42E 1 _ifperyr
or A% or & CHDOSE TYPE OF OUTPUT T0O SEE
Solute Hatt-Lile thalf 164 ifyear} : ; Recalculate This
of Instantapeaus Reaction Modet . RUN RUN ARRAY H eIP Sheet
Delta Oxygen* B8O+ 0 imgd) CENTERLINE
Delta Nitrate® ned gwmgw, (gt} % Paste Example Dataset
gbsemed Fefruus frot* Fe2¢ | 0 {mgt) View Output View Output Restore Formulas for Vs
elta Sulfate 804 . 0 (rgit)
Gbserved Methane® G ;-mm-—-—o = Py Dispersivities R lambda other

GOLDER SIERRA 2 DTCE xIs Input



October 1998 986 1083

DESSOLVER HYDROCARBON CONCENTRATION ALONG PLUME CENTERLINE (my/L at Z+=0)

Distance from Seurce (fi
TYPE OF MODEL g 4 100 200 30 460 500 S04 7400 §00 SO0 1000
Nob Degrada 6700 5331 4 959 4434 3857 3250 2604 2039 1 5657 1159 0 840
6 700 3067 1373 0602 0263 0114 0048 0020 0009 0004 0002

6 700 5331 4 959 4 434 3 857 3250 2604 2039 1557 1159 0 840
7 000 0009 0 007 0 045 0 051

s

weten st Order Decay ™ =instantaneous Reaction =8 Ng Degradation 5 Freld Data from Sife

::402

Concentratio
[ S 4]
S o O

0 100 200 300 400 500 600 700 800 200 1000
Dastance From Source (ft)
Tinte
Calculate 30 Years I} Return to Recalculate This
Animation Input Sheet

GOLDER SIERRA 2 DTCE xIs Centerline Qutput



-OMMQP--------------gsm:a-

Transverse IAISSOLVED HYDROCARBON CONCENTRATIONS IN PLUME {mg/L at Z=0}
Distanice {ft) Distance fram Source (it} Model to Display
¥ 0% 0 160 200 300 i 400 500 800 700 800 500 1000 No Degradation
19 0000 0 000 0004 0 008 0008 0006 0003 0002 0 001 0 000 0 000 Model
5@ 0 000 1111 0 565 0270 0127 0059 0026 0012 0 005 0002 0 001
6 700 3067 1373 0602 0263 0114 0048 0020 0 009 0 004 0 002 1st Order Decay
-504 0000 1111 0565 0270 0127 0 059 0 026 0012 0 005 0002 0 001 Model
000 0008 0 006 0003 0002 0 001 0 000

Instantaneous

Tine 30 Years Fargatiavel

FLUX gcan‘f saloulala mass Bux when vettes) dispgeshaty nof equaf bo 8

0 005

Concentration (mg/l.)

Plot All Data

Plot Data > Target

GOLDER SIERRA

Reaction Model

[isplayed Madel #1st Order Decay

Plutrie ant Source Masses (Qrder ofMagnibinte Avcuracy)

Plume Mass if No Biodegradaton] 869 |{Kg)
Actusl Plume Mass] 128 JfKg)

= Plume: Mass Removed by Biodeg} (Kg)
- - - (85 %}
Change in Electron Acceptor/Byproduct Masses
Oxygen  Nilrate tron if Bulfate Methane
na na na | na | na_}Kg)
PR A G S Yy R S N S AR S YW AR e A oo
Contam Mass o Source =0 Yearsl{ 5350  [(Kg)
Coantare Mass it Sourcs Now {(=30Years)] 4481  [{Kg)
Current Volume of Groundwaterin Plumel 249  Hac f)
Flowrate of Whater Through Source Zone] 0321 Hae ftir)
- Mass HELP Recalculate 1
GormmanddBution i

2 DTCE xls Plume Output
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EW  EXTRACTION WELL
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AN | RTED TO MONITORING WELLS ~p &  HYDROPUNCH LOCATION
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DRA DATE J0B NO _
P-03e SOIL BORING/SOUTH CULVERT SAMPLE LOCATICNS MW-2  SCREENED IN PERCHED WATER TABLE DATA POINT CLIENT/PROTECT ™ MAT 7/30/98 986-1083
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