
Woodward-Clyde
Engineering & sciences appl ed to the earth 8 ts env ronment

October 23 1998
OCr 6 7998

Mr John T Cook P L S
Remedial Project Manager
U S Environmental Protection Agency
Region VII
726 Minnesota Avenue
Kansas City Kansas 66101

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

Dear Mr Cook

Woodward Clyde International Amencas is 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 Colder Sierra Responses to the specific
comments are provided in a response letter by Colder Sierra followed by a revised report

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

Very truly yoursery t ruy yours

JohWiSeymour \f» E
Proiect Coordinator

JPS mr

Enclosures

cc C Smith
H David Sanders (Black & Veatch)

40139222

Woodward Clyde Consultants A subsidiary of Woodward Clyde Group Inc
38777 West Six Mile Road Suite 200 Livonia Michigan 48152
313464180C Fax 313 464 1823
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Golder Sierra LLC
3730 Chamblee Tucker Road
Atlanta Georgia 30341
770 496 1893
770 934 9476 Fax

GOLDER
SIERRA

October 23 1998

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

Dear Chris

Colder Sierra LLC (Golder) is 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 in response to USEPA letter dated September 23 1998 with comments on the July jO
1998 Supplemental Data Collection 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 in 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 Ospma or Grant Hocking at (770)
496 1893 in our Atlanta office

Very truly yours

GOLDER SIERRA LLC

Rafaell Ospma PE
Senior Project Manager

RIO/no

c \cooper\covlet6 doc



•

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Bolder Sierra LLC
3730 Chamblee Tucker Road
Atlanta Georgia 30341
770 496 1893
770 934 9476 Fax

COLDER
SIERRA

October 23 1998

Cooper Industries Inc Our Ref 986 1083
600Travis 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 Smith

Colder Sierra LLC (Colder) is 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 Colder dated July 30 1998 This
letter presents the response to comments submitted by EPA in a letter dated September 23 1998

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

COMMENTS AND ANSWERS

1 Page 7, Section 222 The analytical results for the 16 duplicate samples and the 7 rmsate
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 in a separate data transmittal dated October 19 1998 to U S EPA 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 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 B 1 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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Cooper Industries October 2j 1998
Mr Christopher Smith_______________2____________________________986 108j

2 Page 8, Section 2 3 The paragraph indicates (hat most of the wells experienced at least a 50
percent drop in TCE concentrations over the past four y ears This statement should be re phased
to better state the data results

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

3 Page 13, Section 233 The QC results should be included in the report

The QC results are included 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 332 The first line of the second paragraph refers to Figure 5 The
reference should be to Figure 10

The figure number has been changed in 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
for the influent data Since the detection limits for the RECRA LabNet data are 50 micrograms
per liter and the contaminant concentrations if present appear to be below these detection limits
state how this data agrees

For high VOC concentrations RECRA LabNet have a reported detection l imit of 50 (ig/L and UW/ETI
have a reported detection limit of 5 10 (Jg/L at low VOC concentrations RECRA LabNet have a reported
detection limit of 0 1 to 1 ug/L and UW/ETI have a reported detection limit of 5 10 fj.g/L In the influent
sample i e high VOC loading and high VOC concentration there is reasonable agreement and in the
effluent i e 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 in page 26 Section 353 will be replaced with the above sentence
in the Revised Supplemental Data Collection Report The method detection limits (MDLs) by UW/ETI
laboratory which were not included in the July 30 1998 submittal will be included in Appendix E 1

6 Page 27, Section 362 The reference to Figure 12 in the second paragraph should be to
Figure 17

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

BOLDER si faun
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Cooper Industries October 2j 1998
Mr Christopher Smith j 986 108j

7 Pase 29, Section 4 1 The TCE concentration of 1100 000 ug/L identified in MW 2 should
be included on Figure 7

The TCE concentration of 1 100000 ug/L identified in MW 2 will be included on Figure 7 of the
Rev ised Supplemental Data Collection Report

8 Page 30, Section 4 3 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 Tins 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 in the field

9 Pase 31, Section 4 3 MW 2 in the first line at the top of the page should be MW 3

The third paragraph in Section 43 has been edited The reference to the monitoring \\ells has been
removed in the third paragraph of Section 4 3

10 Pase 32, Section 4 4 The first paragraph indicates that increasing TCE concentrations were
reported only at two wells MW 2 and WT 18 This 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
9 2) MW 7 (ml to 31) and WT 14 (0 5 to 0 8)

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 Pase 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
increased What data indicates the cis 1 2 DCE concentrations are decreasing9

The statement such reductions in cis 1 2 DCE are seen across the site has been removed from the
second paragraph in Section 4 4 and the statement 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 period1 was added in the second paragraph of Section 4 4 in the Revised Supplemental
Data Collection Report

BOLDER SIERRA
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Cooper Industries October 23 1998
Mr Christopher Smith 4 ___ ______ 986 108j

12 Page 33, Section 4 5 This section indicates the total number of points accumulated in
scoring this site for NA is 1 9 Some of the scoring in Table 8 may be overly generous For
e\ample the maximum score of 2 is given for nitrate even though one data point is above 1 mg/L
and one data point is below 1 mg/L The maximum score of 2 is given for sulfate even though
only one data point is below 20 mg/L The maximum score of 1 is given to carbon dioxide and
alkalinity even though only one data point is greater than two times background Finally the
maximum score of 3 is given to ethene/ethane even though no ethane concentrations are greater
that 100 micrograms per liter Using scores for carbon dioxide alkalinity and chloride is
questionable since there is no representative background sample that can be used as a basis of
comparison This rating requires further explanation and possible adjustment Additional
sampling mav provide more conclusive evidence to support NA as a viable remedial option

The total number of points assigned in 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 in 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 is determined in order of importance from the following

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

2 Presence of Daughter Products
• cis 1 2 DCE
• 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 it is concluded that there is adequate to strong evidence of Natural Attenuation
mechanisms being active at the Site

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

COLDER SIERRA
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Cooper Industries October 2j 1998
Mr Christopher Smith_______________5____________________________986 108.?

13 Page 39, Section 5 2 Explain how was the injection well spacing of 15 feet determined''

The spacing of 15 feet provided in the Julj jO 1998 submittal is a typical value The actual spacing
between hydrofracturing wells wil l be determined during the design phase of the IRPB

14 Appendix B 3 Because the QA/QC analytical results are not included in 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 identification number the date sampled description and lab data package where the
analytical icsults can be found are identified on the attached table

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

75 Section 4 32, Page 30, Third Paragraph Why are only the 1994 data discussed9 According to
page 12 iron analyses were performed in 1998 also The 1998 iron data should be presented and
discussed

Testing for ferrous iron (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
discussion in section 4 3 2 in the Revised Supplemental Data Collection Report

Data reported by the laboratory on iron is not representative of ferrous iron (II) but is the total iron since
nitric acid is 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 this resubmltted 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 determine if the IRPB is
working satisfactorily? What steps will be taken if it is determined that the IRPB is not reducing
the TCE concentrations to MCLs?

Two years will be required to determine if the IRPB is performing satisfactorily Contingency measures
will be discussed in the Supplemental FS Such contingency measures may involve additional iron
injections or the installation of a second IRPB

BOLDER SIERRA
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Cooper Industries October 23 1998
Mr Christopher Smith_______________6____________________________986 108;.

2 Page 48, Section 565 Performance monitoring to determine if NA is occurring should be
discussed

Performance monitoring forNA wil l be discussed in detail in the Supplemental FS

3 Page 51, 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 is the VGR system limited in the short term''

The VGR system is limited in 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 in the short term for the same above
reasons

4 Page 51, Section 5 7 The second bullet indicates the IRPB is assessed to be more effective
and more reliable than a pump and treat system Why is this true when the IRPB is more of (in
innovative treatment system 9

The IRPB is targeted at remediating contaminated groundwater while the VGR is 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 (3)
>ears and thus are considered a new innovative technology

5 Pase 53 and 54, Section 6 2 The te\t 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 in 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, Section 4 3 The reported concentrations of iron in Table 1 should not be used as
iron (II) concentrations in assessing the site Using filtered total iron results to determine the iron
(II) concentrations is too qualitative The iron (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 iron in 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 iron (II) in Table 8

BOLDER SIERRA
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Cooper Industries October 23 1998
Mr Christopher Smith______________7__________________________986 108j

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
their ability to actually simulate site conditions Based on the limited data presented in tins 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 i e 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 in times to achieve groundwater remediation goals for the range of
parameters considered

The ID and 2D transient models used for fate and transport analysis were in close agreement Sensitivit)
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 included in a new Appendix F It has been demonstrated that these models are sufficient to
forecast the expected conditions in ten (10) years based on calibration from site data over the past 30
years

Section 4 3, Page 31, First full paragraph, Sentence 4 This sentence indicates that MW 8 is
near the plume source In fact MW 8 appears to e\ist 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 8A
which are both near the source are have sulfate concentrations greater than the sulfate
concentration in MW 23 WT The sulfate data from these wells is 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 is 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 is 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 is supportive evidence that NA is occurring at the site Only low ethene and
ethane concentrations were detected in the remaining wells

BOLDER SIERRA
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Mr Christopher Smith 8

October 23 1998
986 108j

10 Section 461, Page 34 A porosity of 35% seems excessively high Why was this value used9

Values ranging from 20% to 25% are more commonly accepted What impact does changes in this
value have in the modeling results9

A value of 35% porosity was determined from soil classification and a widely used reference text book
From our experience this value is 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
(n)

025
O j

0^5

Retardation
Coefficient (D)

(ft /day

1 4
1 4
1 4

Dispersion
Coefficient (D)

(ft /day)

I j 7
134

166

Degiadation
Half Life for

TCE (t 0)
(days)

600
600
600

Computed Groundwater TCE
Concentration (ppb) at jO Yrs Along

Plume Major Flow Axis

200ft
1291
1292
1291

400ft
249
249
249

600ft
48
48
48

Time to
Achieve

Remediation
Goals TCE

<5ppb(>rs)

11 4
11 1
109

Notes (1) Parameter D was computed to fit current site TCE groundwater concentrations and be w i th in
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 barrier is significantly over designed

The distribution coefficient (Kj) is generally corrected to account for the amount of organic
carbon in the aquifer by the following equation

Where K is the organic carbon distribution coefficient of the contaminant andf is the fraction
of organic carbon in the aquifer Is the fraction of organic carbon known for the aquifer9 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 Sensitivity analyses should be performed to evaluate
the impact of uncertainty n the retardation factor The uncertainty of the retardation factor is 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

BOLDER SIERRA
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Cooper Industries October 2j 1998
Mr Christopher Smith_______________9____________________________986 108j

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

The evaluation of Kdfor TCE is 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 it has been documented
(reference cited in Section 4 6 1 ) that Kd = K *f under estimates Kd A sensitivity anal) sis has
been conducted on Kd D and tjo and has confirmed the robustness of the back calculation procedure
and provides greater confidence in the 10 year forward prediction of TCE grounds ater
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 j
>ears Detailed discussion of those additional analyses is provided in Sections 4 6 1 and 462

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 tins
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 simulations which support
the data on this figure Was the simulation steady state or transient9

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

11 Section 462, pase 36 One paragraph of discussion is 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 limitations 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 in Section 4 6 2 in 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 in Appendix G 1 for the ID transient model
used for the analysis in 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

BOLDER SIERRA
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Cooper Industries
Mr Christopher Smith 10

Colder believes the above answers to the ERA comments on the Supplemental
Evaluation of Alternative Groundvvater Remedy Report are appropriate If you
please do not hesitate to contact us

Very truly yours

COLDER SIERRA LLC

llJa^O-^^
Rafaefl Ospma PE
Senior Project Manager

^^^ —————— ̂

Grant Hocking Ph D
President

RIO/GH/no

G \COMMON\OSPINA\COOPER\COMMENTS DOC

BOLDER SIERRA

October 2j 1998
986 108:,

Data Collection and
have any questions
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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
MW 23WT
EW 1
BR 10

MW7A
MW 7A

MW24
MW30
MW 31
MW32
MW33
MW 34

Rmsate 2
Rmsate 3
Rinsate 4
Rmsate 5
Rinsate 6

P 2

P 6

5/13/98
5/6/98
5/12/98
5/8/98

5/13/98
5/13/98

5/26/98
5/6/98
5/6/98
5/7/98
5/8/98
5/13/98

4/29/98
4/30/98
5/1/98
5/2/98
5/2/98

4/30/98

5/2/98

GW Duplicate
GW Duplicate
GW Duplicate
GW Duplicate

GW Matrix Spike
GW MS Duplicate

GW Field Blank
GW Field Blank
GW Field Blank
GW Field Blank
GW Field Blank
GW Field Blank

Soil Field Blank
Soil Field Blank
Soil Field Blank
Soil Field Blank
Soil Field Blank

GW Duplicate of
Field GC Analysis
GW Duplicate of
Field GC Analysis

CC
AA
CC
DD

CC
CC

BB
AA
AA
DD
DD
CC

FF
FF
EE
EE
EE

EE

EE

Notes/Legend
GW = Groundwater
QC duplicates for soil samples collected and analyzed by field GC are shown on the
attached B 1 1QA/QC

10/19/98 91C3337D 102 A \M CQAQC doc
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Table B 1 1 QA/QC
TC£ Concentrations of Soil Samples

McGraw Edison Site Centerville Iowa

iBorermle ID j Sample Datej D pth (feet) UbTCE t <fleld TCE
( g/kg) I (ug/kg)

27AprJ8
2?Apr 98

1 May 98 > 10-12 5

P 052) I 1 May 98

29 Apr 98
28-Ap 98
29-Ap 98
29-Ap
29-ApJfi
29-Apr 98"
29-Ap
29-Apr 9
29 Ap 98
29 Apr 98
29 Ap 98
29-Apr 98
29-Ap 98
29-Ap 98
29 Ap 98

2 May 98
2MayJ8
2 M y 98P06

p"06 , ^
2 May 98
2 May 98

P 06 2 May 98

2M y98
2M
2 May 98

Jl 2MJ
P 06 2 May 9829 Apr 98

29iApr98
29~Ap 98
29-Apr 98
29 Apr 98
29-Xpr 98
3-M y 98
,3-May 98
3-MaySa
3 May 98
3 M y 98

2M_y98
May 98
May 98 10-125 I
Ma/Jfl

2 M y98 15-175

2 May 98 I 20-225

2~May 98 I 25-27 5

3-May 98
£M5y~98
3-Mayj>8
3-May
3-May 98 2 M y 98 30-32 5

" ̂ "WII
2 M y 98 35-37*5

P 08 1 3-May 98

P 08 I 3-May 98

09(SBSC2)| 13-May 98
I

P09(SBSC2) ! 13-May 98

WCd I valid I mm f J ty 1d compo nd d t cted tys
t mpl d f I b ty$

(2) B fl B it ed d re mp ed

Mwrt b Is Table B 1 1
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Table B 2 2 QA/QC
Summary of May 1998 Groundwater TCE Analyses

McGraw Edison Site
Centerville Iowa

Well ID

MW1
MW2
MW3
MW3A
MW-4
MW5
MW6
MW7
MW7A
MW8
MW8A
MW9
MW19WT
MW20WT
MW21
MW22WT
MW23WT
ALLEN WELL
WT 11
WT 12
WT 13
WT 14
WT 16
WT 18
EW1
BD 11
BD 12
BD 13
BD 14
BD 16
BD 18
BR 10

1998 TCE
(M9/L)

nd
1 100 000 J

nd
6 400J 7 OOOdupJ

nd
nd

92J
31J 1dupJ

2J
U
7J

70J
20J
nd
nd
nd

51 J
nd
nd
nd

08J
nd

45J
14J 12dupJ

nd
nd
nd
nd
nd
4J
nd

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

NOTES
* Grab Sample
dup Duplicate Sample
nd Constituent not detected during analysis of sample

Not Obtained
MOnitormg well MW 9 was not analyzed in May 1998 because a dead animal was stuck in the well

October 19 1998 Woodward Clyde A \QAQCT1 xls
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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 submitted 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 prov ided to the agency on January jO 1998

The objectives of the work plan were as follows

Q to assess current Site conditions to finalize the remedial design

Q to further delineate the soil contamination in the South Culvert Area

Q to assess the feasibility of implementing an alternative groundwater remedv ut i l i z ing an
Iron Reactive Permeable Barrier (IRPB) and

Q to ev aluate 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 taken at the bottom of eight (8) of these borings and analyzed for TCE The thirty two (j2)
existing monitoring wel ls were sampled and analvzed for TCE contamination and five (:>) 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 wel l MW jA for a laboratory column
reactivity test to assess the suitability of the Site groundwater for an iron reactive barrier

The iron reactivity column test quantified the degradation half lives for TCE and cis 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 soils in the South Culvert Area were found to have TCE concentrations less than 150 jag/kg
with 98% of the soil volume sampled having TCE concentrations less than 100 ng/kg and 65%
of the soil volume sampled having TCE concentrations below detection limits TCE
concentrations in 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 wi th a complete degradation

BOLDER SIERRA
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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 iron \vas capable of completely degrading the
volati le orgamcs in the Site groundwater From the iron reactive column test a half life for TCE
\\as calculated as being less than 0 5 hour

The conclusions from this field \\ork and feasibility assessment are as follows

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

Q groundwater concentrations of TCE are generally declining across the entire Site

Q there is adequate to strong e\ idence that natural attenuation is occurring at the Site

Q an IRPB can be constructed at the Site by the vertical hydraul ic fracturing technologv

Q the IRPB \ \ i l l degrade all of the VOCs of concern to belo\\ MCLs and is considered to
have sufficient longev itv for the Site groundwater to be remediated to below MCLs

Q the remnant plume down gradient of the IRPB w i l l be degraded by Natural Attenuation
mechanisms to below MCLs in 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 remedv uti l izing the NCP criteria
The alternative groundwater remedy was determined to be superior to the current remedv,
in respect to effectiveness implementabilit} and cost

The recommendations from this work are as follow

Q 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 t i l l #j unit down to depths of
20 and jO feet respectively

Q 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

COLDER SIERRA
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1 0 INTRODUCTION

A Soil and Groundwater Field Sampling Plan Addendum (Addendum) v\as submitted to the

USEPA (Agency) b> MWR/Envirogen Inc (MWR/Envirogen) on June b 1997 This

document described additional field activities to be performed at the McGraw Edison Superfund

Site (Site) located in Centerville Iowa Figure 1 Response to ini t ia l review comments on the

Addendum were submitted to the Agenc> on November 5 1997 The agenc> approved the \\ork

plan on December 11 1997 subject to a satisfactory response to final re\ie\v comments A

response to final re\ lew comments was submitted to the USEPA on January jO 1998

The objectives of the work plan \\ere as follo\v

Q to assess current site conditions to finalize the remedial design

Q to further delineate the soil contamination in the South CuKert Area

Q to assess the feasibility of implementing an alternati\e groundwater remed\ u t i l i z ing an
Iron Reactive Permeable Barrier (IRPB) and

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

Groundvvater sampling at existing monitoring \\ells and soil boring sampling in the South

CuKert Area \\as performed by Envirogen Colder Sierra LLC (Colder) \\as retained b>

MWR/Envirogen to conduct the IRPB feasibility e\aluation 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 in situ

treatment of groundwater at the Site contaminated mainly with tnchloroethene (TCE) This

alternative groundwater remedial system is 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 v\ere conducted in May 1998 MWR/Envirogen retained ERM North Central

of St Charles Missouri and Aquadnll 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 drill ing

program The South Culvert Area work and monitoring well sampling activities were superv ised

COLDER SIERRA
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b> MWR/Envirogen personnel The IRPB dril l ing and sampling program was supervised bv a

Colder geologist Analyt ical laboratory testing \\as conducted by RECRA LabNet of Universirv

Park I l l inois and Monroe\ille Pennsylvania Envirogen Inc Laborator> of Lawrenceville Ne\\

Jersev 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 analysis Groundwater samples

were taken at the bottom of eight (8) of these borings and analyzed for TCE The thirtv two (32)

existing monitoring wells were sampled and anaKzed for TCE contamination and five (5) of

these wel ls were further sampled and analvzed 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 we l l MW 3A for a laboratorv column

reactiv it\ test to assess the smtabilitv of the Site groundwater for an iron reactive barrier

As part of the evaluat ion of an alternative groundwater remedy Golder designed and

implemented a limited subsurface investigation program at the Site to collect samples for

laboratory testing in support of the IRPB feasibilitv evaluation Soil and groundwater samples

were collected b> Golder s field personnel and sent to University of Waterloo/EnviroMetal

Technologies Inc (UW/ETI) in Canada under Contract to Golder for iron bench scale column

and soil desorption testing and to Golder geotechmcal laboratory in Atlanta Georgia for soil

classification testing soil resistivity testing and leak off testing

This report is divided into the following ke> elements

Q Section 1 provides an introduction to the report objectives and background

Q Section 2 presents the field program and results

Q Section 3 presents the reactive barrier laboratory testing program and results

Q Section 4 presents the Natural Attenuation evaluation and results

G Section 5 presents the Iron Reactive Permeable Barrier evaluation and results and the
Alternative Groundwater Remedial Plan

GOLDER SIERRA
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Q Section 6 presents the proposed soil remedy implementation and the alternative
grounduater remedy and

Q Section 7 presents the summary and conclusions

1 1 Background

Toasters and toaster o\ens \\ere manufactured at the McGra\\ Edison site (Site) in Centemlle

Io\\a bet\\een 1965 and 1978 Operations \\ere housed in a 194 800 square foot manufacturing

building McGra\\ Edison sold the facility to Peabody International Corp (Peabody) in 1980

Cooper acquired the stock of McGra\v Edison in 1983 and McGraw Edison became a \ \holl\

o\\ned subsidiar\ of Cooper Cooper purchased the faci l i ty from Peabodv in 1990

The Io\\a 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

tnchloroethene (TCE) sodium h\dro\ide and sulfunc acid The USEPA conducted sampling at

the Site in Januar\ 1987 AnaKsis of sludges and sediments indicated elevated concentrations

of chromium arsenic nickel and cobalt

Cooper and Peabod\ conducted a site investigation and removed the plating solids in compliance

\ \ i th an Administrative Older on Consent (AOC) signed \\ith the USEPA on October 3 1988

During the site m\estigation se\eral areas of the site \vere found to contain metal concentrations
significantly higher than background levels \olatile organic compounds (VOCs) \\ere detected

in surface \\ater and soil samples from the south property perimeter and TCE \\as detected
above drinking water standards in the groundwater A residential well adjacent to the site was

also sampled and found to contain TCE Cooper provided a permanent water suppl> by

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

A Remedial Investigation (RJ) 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 \\as conducted by Cooper during October and November 199j \\hich included

BOLDER SIERRA
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I field \\ork for the definition of the extent of the soil and groundwater contamination at the Site

and characterization of the \vater bearing units
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2 0 FIELD SOIL AND GROUND\V\TER SAMPLING PROGRAM AND RESULTS

2 1 General

A Soil and Groundsater Field Sampling Plan Addendum (Addendum) was submitted to the

USEPA bv MWR/Envirogen on June 1_> 1997 that described additional field ac t iv i t ies to be

performed at the Site The purpose of this \\ork \\as to

Q assess current site conditions to finalize the remedial design

Q further delineate the soil contamination in the South CuKert Area

Q assess the feas ibi l i tv of implementing an alternatee groundwater remed> u t i l i z ing an
Iron Reacme Permeable Barrier (IRPB) and

Q e\aluate and quantif \ an\ Natural Attenuation mechanisms acti\e at the Site

The following acti\ ities were specified in the Addendum and performed in Ma\ 1998

1 Groundwater sampln g and anahsis at thirtv t\\o (j2) existing monitoring \\ells

2 Natural Attenuation groundwater sampling at select monitoring \\ells and evaluat ion

3 Soil and ground\\ater sampling in the South CuKert Area and evaluation and

4 Iron Reactive Permeable Barrier preliminary data collection activit ies and feasibility
evaluation

Groundv\ater sampling at existing monitoring wells and soil boring sampling in the South

Culvert Area were performed by MWR/Envirogen Colder 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 \vells and soil borings completed at the Site

are detailed on Figures 3 and 4

The following sections document the methodologv, and results of the soil and groundwater field

sampling activ ities and results

BOLDER SIERRA
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2 2 South Cuhert Soil Sampling Program and Results

The primary goal of this sampling was to assess current site conditions in the South Culvert Area

in order to finalize the soil 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 intervals was due to landscape obstructions Soil boring P 09 (field labeled SB SC2)

\\as completed to \enfv 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 \\as located centralK between P 0:> P 06 P 07 and P 08 as close to the location

of SB SC 2 sampled in October 199j

221 Soil Sampling

The soil borings were sampled by Geoprobe® technology dr i l l rig or Hydropunch® and

analyzed for TCE using a field gas chromatograph (GC) Continuous soil samples \\ere

collected in soil borings P 01 to P 08 in 2 or 2 5 foot vertical intervals starting at one foot below

ground surface (BGS) and continued unt i l approximately :O to 40 feet BGS Soil boring P 09

\\as 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 Park Illinois 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 in 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 in tables in

Appendix B

ERM North Central of St Charles Missouri 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

BOLDER SIERRA
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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 Aquadnll Drilling Ser\ ices

of Iowa Cit> Iowa was contracted by MWR/Envirogen to complete P 04 resample P 0:> and

complete the remaining soil borings ( including P 09) with a dri l l rig and Laskey samplers \\ith

copoKester liners 2 5 inches in diameter and fi\e feet in length

The liner \\as remo\ed from the sampler and split open onto a clean surface New late\ glo\es

\\ere \\orn and changed between each sample to prexent cross contamination The t\\o foot

section of soil \\as screened using a PID HNu model PI 101 equipped \ \ i th a 11 7 eV lamp tor

soil borings P 01 through P 08 Once screening \\as complete a composite soil sample of each

two foot interval \\as placed in a four ounce \\ide mouth glass jar and packed \vi th min ima l

headspace Each sample \\as anaKzed on site \\ith a field GC for TCE The field GC anahsis
results for TCE are shown on Figure 5 for soil 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 b> a MWR/En\irogen geologist noting color texture moisture content

odor and gram size using the United Soil Classification S\stem (USCS) The soil boring logs for

the South Cuhert Area are included in Appendix A

The TCE concentrations determined in 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 5 the maximum TCE concentration measured in the soil was 130 fig/kg Ninety

eight (98%) percent of the soil volume sampled had TCE concentrations less than 100 ng/kg and

sixty five (65%) percent of the soil volume sampled had TCE concentrations below detection

limits

222 Field Quality Assurance and Quality Control

Sixteen (16) of 148 soil samples were duplicated and sent to RECRA LabNet to be analyzed b>

EPA Method 8260 for TCE to verify mobile laboratory accuracy Duplicate samples were chosen

BOLDER SIERRA
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based on suspected regions of contamination and covered a variety of depths In addition a

nnsate blank was taken during each da\ of soil and groundwater sampling (7 total) These

samples consisted of distilled drinking water \\hich \\as used to rinse the sampler after

decontamination

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

2 3 Groundvvater and Natural Attenuation Sampling Program and Results

The groundvvater sampling program invo lved the collection of ground\\ater samples from the

soil borings completed in the South Cuhert Area and from the Site groundwater monitoring

\\ells The objective of the ground\\ater sampling program was to evaluate the distribution of

TCE in the ground\\ater and to evaluate the degree of Natural Attenuation of VOCs at the Site

Groundwater samples were collected w i t h i n the first two feet of the saturated unit in soil borings

P 01 through P 08 completed in the South Cuhert Area see Figure 4 The samples were

anal> zed for TCE vv ith the field GC

Thirtv, two (j2) existing monitoring wel ls (Figure j) were sampled for field parameters

(temperature dissolved o\>gen specific conductance pH and redo\ potential) and for laboratorv

analvsis of TCE Five of the existing monitoring wells (MW 2 MW jA MW 8 MW 8A and

MW 2j\VT) were sampled for laboratorv 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

groundvvater level data is presented in the form of potentiometric contours on Figure 6 and
summarized in tabular form in Appendix B The distribution of groundvvater TCE concentration

levels obtained after the May 1998 sampling event is 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 groundvvater monitoring wells in this latest round

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

monitoring 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

\\ater table rose in 1998 and its high concentration and fluctuations are indicative of a source

area TCE concentrations in monitoring \\ell MW 3A dropped from 14 000 ppb in 1994 to 7 000

ppb in 1998 MW 8A dropped from 240 ppb to 7 ppb and the Alien Well from 120 ppb to D!

ppb The TCE groundwater plume shown on Figure 7 has reduced in concentration and in the

o\erall TCE mass contained in the plume o\er the past four (4) >ears The dissohed phase mass

of TCE m the groundwater plume delineated in the Supplemental Rl/FS In\estigation Report

(Woodward Clvde Consultants 1994) is estimated to be >90 Ibs whi l e in 1998 Figure 7 the

dissolved phase mass of TCE is estimated to be 3j 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) \ears

231 Groundwater Sampling in South Cuhert Area

Groundwater samples were collected in soil borings P 01 through P 08 dril led during the soil

sampling program in the South CuKert Area Groundwater sampling was performed using

Geoprobe® or H\droPunch® techniques The samples were collected wi th in the first two feet of

the saturated unit 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

pilot hole four foot deep (38 42 ft BGS) Groundwater samples were obtained using bottom

check \a l \e sampling technique using a j/8 inch diameter Teflon® tube A tubing check \ a lve

was located at the bottom end of the roll of tubing The tubing check valve end first was

pushed down the bore of the probe rod until it reached the top of the screen point sampler The

tubing was then lifted approximately 4 inches off the bottom (top of the screen point sampler)
and oscillated up and down in 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 taken using the HydroPunch®

sampler Check valves a stainless steel screen and O rings were inserted in the tool bod> 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 fi l l ing the sample chamber with groundwater (for no longer than one

hour) the tool was withdrawn a clean piece of tjgon tubing with a valve was attached and the

sample was collected in 40 mL vials \Mth a Teflon® lined septum lid and preserved wi th

h>drochlonc acid

232 Groundwater Sampling at Monitoring Wells

Groundwater samples \\ere collected by MWR/Envirogen field personnel between May 5 and

May 26 1998 Thirtj two (j2) existing monitoring wells (Figure 3) were sampled for field

parameters (temperature dissolved o\\gen specific conductance pH and redox potential) and

for laboratorv analvsis of TCE Five of the existing monitoring wel ls (M\V 2 MW jA M\\ 8

MW 8A and MW 2j\VT) \\ere sampled for laborator> analjsis 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 Solmst Water Level Meter The height of the water column and the

standing vo lume of water in the wel l was calculated based on well installation records included

in the Groundwater Operable Uni t Feasibility Study (Woodward Clvde Consultants 199j) and

Supplemental RI/FS Investigation Report (Woodward Clvde Consultants 1994) A groundwater

potentiometnc contour map for the May j 1998 measurements is shown on Figure 6 The

estimated wel l water volumes and water level data are summarized in Appendix B The tape and

probe were decontaminated with soap (alconox) and water followed b> a distilled vsater rinse

between each monitoring well

Groundwater Sample Collection for TCE Analysis

In order to prevent cross contamination between wells new latex gloves were worn wmle

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 in 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 \vells was purged bv remo\mg at least three \\ell \olumes or unt i l dr\

prior to sampling using a disposable polyethylene bailer Field parameters were measured b>

inserting a lo\\ flow sampling tip at the end of the bailer and the water was allowed to enter a

YSI j^60 Water Quality Monitor flow cell Purging continued until three consecutive stabilized

(wi th in 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 wel l was bailed drv prior to remo\mg three wel l volumes field parameters were

measured and the samples were subsequent!) taken Wells that bailed dry included MW 7 MW
7A EW 1 BD 13 BD 16 BD 18 BR 10 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 wel ls

After sampling was complete the dissolved ox\gen (DO) was measured down hole wi th a YSI

3IB Dissolved Oxvgen Meter and allowed to stabilize before recording measurements In cases

where the well was too deep groundwater was collected in a bucket and DO was subsequentlv

measured For several wells DO was not measured due to a lack of water from bail ing the wel l s

drv and such measurements would not be representative of groundwater conditions due to

aeration of the sample All instruments were decontaminated between each well wi th an

alconox/distilled water rinse followed b\ 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 in 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 in Illinois

A large workload at the Illinois laboratory resulted in the need for the samples to be shipped to

the RECRA LabNet in 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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\VT 14 and BD 14) \\ere broken during transportation As a result samples WT 12 and BD 12

\\ere re sampled and re analyzed

Sample Collection foi \atwal Attenuation

Monitoring wel ls MW 2j\VT MW 8 MW 8A MW 3 and MW 2 \\ere sampled in order of

increasing chemical concentrations (as \\ntten) to evaluate the degree of Natural Attenuation of

VOCs at the Site MW 2j\VT was purged and sampled using a QED Model 407 Bladder Pump

and Model 465 Controller attached to a gas powered oil less air compressor The pump \\as

lowered into the \vell slowly to minimize disturbance and to a depth such that the intake \\as at

least t\\o feet abo\e the bottom of the \\ell The pump \vas started at the lo\\est speed setting

and slowk increased unti l discharge occurred During purging field parameters \\ere measured

in the flo\\ cell e\er\ three to fi\e minutes and continued until all parameters \\ere stabilized In

order to take \\ater samples from the pump the flow cell \\as disconnected from the pump

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

At \\ells MW 8 MW 8A MW 3A and MW 2 problems with the bladder pump \\ere

encountered The pumping procedure followed the same method used for MW 2jWT however

no \\ater could be withdrawn from an> of these \\ells Thus monitoring wells MW 8 MW jA

and MW 2 were purged using a bailer MW 8 and MW 2 were purged dr> before three wel l

\olumes were removed At MW 8 A a Keck pump was used to purge the well and \\as also dr>

prior to removing three well volumes Field parameters were measured and samples were taken
using a bailer and a low flow sampling tip After sampling was complete DO was allowed to

stabilize and was recorded

All samples were collected in specified containers with the required preservative and chain of

custody procedures were followed The samples collected for dissolved metals analysis were

filtered using a Solmst 0 45 um filter and preserved with nitric acid The samples were shipped

on ice via overnight courier to Envirogen Inc Analytical and Treatability Laboratories for

analysis

Groundwater samples for VOCs and iron 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 in the soil and groundwater sampling plan using the associated EPA

test methods

The min imum detection limit for methane ethene and ethane anal>zed by EPA Method 8013

(En\ irogen Laboratory) is 300 ppt In the event that concentrations fell below this detection

l imit samples \\ere also sent to Microseeps Inc laboratories of Pittsburgh Penns>lvama \\hich

uses Method AM 18 (Microseeps Method) with minimum detection limits between 3 to 15 ppt

233 Field Quality Assurance and Quality Control

Two (2) of eight (8) groundwater samples collected during the soil sampling program in the

South CuKert Area \\ere duplicated and sent to RECRA LabNet to be anaKzed b\ EPA Method

8260 for TCE to verify mobile laboratory accuracy In addition one rinsate blank, was taken

dur ing each dav of groundwater and soil sampling (7 total) These samples consisted of dis t i l led

drinking \\ater \\hich was used to rinse the sampler after decontamination

During sampling of the monitoring \\ells si\ bailer field blanks \\ere collected using bottled

distil led dr inking water and labeled MW 24 MW jO through MW j4 Distilled water \\as

poured into a clean bailer a low flow sampling tip was attached to the bailer and the \\ater \\as

collected in 40 mL glass vials wi th a Teflon® lined septum lid and preserved with hjdrochlonc

acid These samples were sent to the laboratory with the other groundwater samples to check 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

2 4 Reactive Barrier Field Sampling Program and Results

2 4 1 General

Colder 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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instal l ing 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 \\ater sample collection The monitoring \\ells and soil borings completed at the Site

are detailed in Figures 2 j and 4 respectively

242 IRPB Subsurface Drilling Program

MWR/En\irogen retained Aquadrill Dri l l ing Services (Aquadrill) to perform the subsurface

dri l l ing program A Colder geologist supervised the subsurface dr i l l ing program \ \h ich \\as

conducted on May 4 5 1998 Aquadrill advanced and continuously sampled two soil borings

GB 1 and GB 1A near the \ i c in i t \ of the suspected source area of the chlorinated sohents at the

facil iU (Figure 8) GB 1 was advanced to auger refusal encountered at 72 3 ft BGS and GB 1A

\\as ad\anced to :O ft BGS The d r i l l i ng equipment consisted of a truck mounted CME 73

drilling rig 4 23 inch inner diameter hollo\\ stem auger (HSA) flights and Laske\ 3 feet

continuous samplers \ \ i th acetate liners All heav\ equipment that could possibK contact the

samples including the back of the d r i l l i ng rig \\ere decontaminated with a steam cleaner and

potable \\ater prior to each soil boring The soil borings were abandoned by pumping Benseal

100% bentonite slurrv through tremie pipe from the bottom of the borings Soil cuttings \\ere

placed in steel 55 gallon drums pro\ided b\ MWR/Envirogen and stored \ \ i th in the former

manufacturing building at the facihu

243 Soil Units Encountered

Colder \ isuall> classified the soils encountered during the investigation according to the Unified
Soil Classification Sjstem (USCS) and recorded the depths and thicknesses of the various soil

units on soil 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 liners 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

72 5 ft BGS in GB 1 and an angular fragment of fresh yellowish brown medium grained

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

was encountered The soil stratigraphy recorded on the soil boring logs is consistent with
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subsurface geologic cross sections presented in earlier investigations at the facility (Wood\\ard

Cl\de Consultants 1994)

As shown on the boring logs t\\o sandy aquifers \\ere encountered in the soil borings The

upper sand consisted of moist \\et medium gra> to dark jellovvish orange fine to coarse SAND

\ \ i th little to some cla>e> silt and trace amounts of \\ell rounded gravel (SM) The depth and

thickness of the upper sand ranged from jO 3 31 3 to 28 5 jl 9 ft BGS and 1 1 to j 4 ft in GB

1A and GB 1 respective!) Moist firm to very stiff to hard mottled/streaked medium gra> to

dark >ello\\ ish orange SILTY CLAY (CL) occurred stratigraphically above and belo\\ the upper

sand unit

Appro\imatel\ 9 feet of silt\ cla\ separates the upper sand and the intermediate/channel sand

which is referred to as the intermediate sand because previous investigations have encountered a

lower sand unit The intermediate/channel sand consists of wet dark \ellovvish orange fine

SAND with trace to little cla>ev silt (SM) This uni t tended to flow several feet into the augers

and sample recoverv wi th in this uni t was generallv poor As such the exact depth and thickness

of this unit is somewhat uncertain being estimated as 41 to 68 ft BGS and 27 ft respectivelv A

lower sand) unit was encountered between 70 72 5 ft BGS but this material may have flowed

into the augers from the over lv ing intermediate/channel sand

244 IRPB Soil Desorption Sample Collection

Colder placed representative soil samples from each soil unit except the soils in the upper sand

unit in clean scalable plastic bags and shipped to Colder soil testing laboratory in Atlanta

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

The soils in the upper sand were placed in 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 is 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 Groundsater Column Reactrvity Sample Collection

On Ma> 3 6 1998 Colder collected groundwater samples from MW jA to be used for iron

permeable barriers reactivity testing by UW/ETI and Golder Monitoring well MW _>A \\as

selected since it has been histoncalK the highest groundwater TCE concentration Prior to

sample collection MW 3 A was purged \vith a clean disposable teflon bailer and clean nylon

cord The field parameters pH specific conductance temperature and reduction oxidation

potential \\ere measured \\ith a calibrated YSI flo\\ through cell b) MWR/Envirogen Sampling

personnel donned clean latex gloves during purging and sample collection After purging a

total of 43 1 quart (15 gallons) amber glass sampling bottles \\ere filled \\ith ground \\ater from

MW jA stored in an iced cooler and shipped \ia an overnight courier to UW/ETI

Furthermore 4 1 quart bottles (1 gallon) \\ere shipped to Golder soil testing laborators in

Atlanta Georgia
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3 0 REACTIVE BARRIER LABORATORY TESTIISG PROGRAM AND RESULTS

3 1 General

A laboratory testing program \vas conducted to provide data for the Iron Reactive Permeable

Barrier feasibility evaluation (see Section 5 0) for the Site Soil classification tests soil

resistivity and leak off tests \\ere conducted by Colder soils laboratory in Atlanta Georgia Iron

reactivity bench scale column testing and soil desorption testing v\as conducted by UW/ETI in

Canada Soil Total Organic Content (TOC) testing was conducted by Advanced Chemistr\ Labs

Inc in Atlanta Georgia The laboratory testing program included

Q Seven (7) soil classification tests (grain size distribution Atterberg limits of cla\s 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 iron reactivity bench scale column
test See Appendix D 1 for the Iaborator> test results

Q Three (j) leak off tests using Site soils from soil boring GB 1 and Golder s standard
fracturing gel See Appendix D 2 for laboratorv tests results

Q Three (3) soil resistivity tests (saturated condition) using soil samples collected from soil
boring GB 1 and groundvvater collected from groundvvater monitoring we l l MW jA
See Appendix D j for laboratory test results

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

Q One (1) soil desorption test using a soil sample collected from soil boring GB 1 saturated
at the Site with groundvvater collected from groundvvater monitoring well MW jA 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 Hvdraulic Fracturing Fluids

The purpose of a fracturing fluid is to \\edge open and propagate a hvdraul ic fracture and to

transport and distribute the proppant (granular iron) throughout the fracture Fluid properties

strongly go\ern 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 \\edgmg

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

Q Chemical compatibility of gel f luids \\ i th iron proppant

Q Acceptable leak off characteristics

Q Sufficient \iscosit\ to suspend proppant and produce necessary fracture \ \ idth

Q Good temperature stabihtv for the formation being treated

Q Lo\\ friction loss in pumping equipment and pipe

Q Minimal damaging effects to the formation hvdraul ic conducts ity

G Good post treatment breaking characteristics and

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

For commercial granular iron the Colder standard fracturing gel has been investigated in 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 stability

hydraulic conductivity breaking and environmental sensitivity of fluid chemistry

321 Fracturing Fluid Design

The Colder standard fracturing fluid is a water based cross link gel hydroxypropylguar (HPG) a

natural polymer used in the food industry as a thickener HPG is chosen for it s minimal impact

on the iron s reactivity and it s extremely low residue The gel is 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 is added to

controllably degrade the viscous cross linked gel down to water and sugars MSDS sheets are

BOLDER SIERRA



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

October 1998____________________19____________________986 108:>

a\ailable on all of the constituents and extensive chemical analyses of the gel are available

inc luding priority pollutant scans The gel does not exceed drinking \vater standard MCLs for

an\ compound

The gel is mixed and blended uith the granular iron in the uncross linked state Sufficient

mechanical agitation is necessarv, to ensure the granular iron remains e\enly distributed in the

mix The gel and granular iron are then fed to a pumping unit and cross linked in line to form a

high!) viscous cross linked gel The Colder standard fracturing gel design used for the iron/gel

reactivity bench scale column test is sho\vn on Table 4 The gel design products form a cross

linked gel \ \ i th high \iscosit\ that \ \ i l l suspend the iron proppant in solution The cross l ink gels

take tvpicall} three to four \\eeks to break depending on ground\\ater temperature conditions

The a\erage groundsater temperature at the Site is approximately 14° C the cross l ink and

enz>me loadings ha\e been increased from the normal loading at 25 C to allo\v for the lower

reacti\it\ at lo\\er Site temperatures

322 Granular Iron Proppant

The U S patent number 52262lj dated November jO 1993 entitled Cleaning Halogenated

Contaminants from Groundvvater for the zero \a lent metal technology is assigned to the

University of Waterloo The University 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 b> Colder during the developmental stage of the
hvdrofractunng 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 linkers and is compatible with the

Site soils (see Section 5 0) is the medium to fine Master Builders granular iron
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3 3 Leak Off Testing of Soils

331 General

During the injection of a fracturing fluid into the formation fluid is lost (leaked off) from the

fracturing gel mix to the formation This leak off characteristic is 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 is important to know this efficiency to prevent early fracture termination caused b>

premature deposition of the granular component of the fracturing fluid

The rate of leak off to the formation is go\erned b\ the fracturing fluid leak off coefficient C

\ \hich is a combination of three t\pes of linear flo\\ mechanisms (Gidley et al 1989) The three

t\pes of flo\\ mechanisms are fracturing fluid viscosity and relative permeability effects C\

reservoir fluid \iscosit\/compressibiht\ effects Cc and \\all bui lding effects CM C\ and Cc can

be estimated theoreticalk from aquifer data and fracture fluid viscositj data \ \hi le CM must be

investigated experimentally

332 Laboratory Method

A laboratory leak off test procedure for soils \sas developed b> Golder for the estimation of the

leak off coefficient CM The test method is 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 is placed in the cell with enough water to saturate the

sample The sample is consolidated at a normal pressure equivalent to the estimated in situ

effective vertical stress at the approximate depth where the hydrofracture will be initiated

(typically within the lower 10 feet of the barrier) by applying pressure above the piston to

compact the soil During consolidation the excess water is 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 is placed between the soil sample and the piston The fracturing fluid

is 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 is monitored and is equivalent to the volume of fracturing fluid

\\hich leaked off to the sample

Leak off test data are plotted as filtrate volume vs the square root of time as sho\\n on Figure 10

The test shows t\\o phases of the leak off phenomenon The first stage is the v\all building stage

of leak off \\here 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 is

called spurt loss The first stage of leak off can be recognized on Figure 10 as the early time

cunature of filtrate \olume versus time During the second stage after the filter cake has bu i l t

up the rate of fluid loss is resisted by viscosity and compressibility effects only This stage is

represented b\ the later time straight l ine of the test results The slope of this line is used in the

fol lowing equation to determine CM

Ot=(m/2Ac) (!)

Where CM is the wal l bui lding coefficient (cm/mm1 ) m is the slope of the best fit straight l ine

(cm / mm" ) and Ac is the cross sectional area of the soil sample in the test cell (cm )

The \o lume loss determined at the intercept of the l ine used to determine the CM coefficient it

time zero is used to determine the Spurt value of the leak off test The Spurt is obtained using

the fo l lowing 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 psi to minimize excessive pore water pressure

during the consolidation process The remolded dry unit weight and porosity of the samples

ranged from 1105 to 1141 pounds per cubic foot (PCF) and 033 to 034 respectnely

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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3 4 Soil Electrical Resistivity

3 4 1 General

Active resistivity is used to monitor the geometry of Iron Reactive Permeable Barriers during

installation The fracture fluid is made conductive and is electrically energized by a lOOHz 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 \\all geometry is calculated using incremental inversion algorithms to

provide a high resolution image of the permeable barrier This imaging provides a real time feed

back of the fracture geometrj during injection and thus enables quantifying the continuity of the

permeable barrier s>stem

For the active resistivity technique to be efficient there must be a significant contrast bet\\een

the resisti\it\ of the formation (soil and ground\vater) and the fracturing fluid of at least _>0

times Laborator\ testing \\as performed using Site soil samples collected from soil boring GB 1

saturated \\ith Site groundwater collected from groundwater monitoring \\ell MW jA The

conductivity of the gel/iron fracturing fluid is adjusted by the addition of sodium chloride (NaCI)

to the fracturing fluid 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 in the area \\here the permeable barrier is to be installed

342 Laboratory Method

The soil electrical resistance was estimated in the laboratory following the Standard Method for

Field Measurement of Soil Resistivity Using the Wenner Four Electrode Method (ASTM G 57)

Samples \\ere placed in a soil box with two plate electrodes and two pin electrodes as sho\\n on

Figure 11 The soil sample was saturated with groundwater collected from grounduater

monitoring well MW 3A Using a Nillson Model 400 four pin soil 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 is such that a correction factor of 1 is used for the Wenner

arraj and hence electrical resistance measurements are in effect direct
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Electrical resistnity testing of soils required the soil box to be filled \\ith the sample The source

and detector electrodes in the soils box \\ere connected to the meter A kno\vn current \\as

passed bet\\een the two source electrodes and a voltage drop measured between the t\vo detector

electrodes presiding an estimate of resistance Resistivity values are normalized (ASTM G 57)

at !:> 5 °C using the following expression

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

343 Results

The resisti\it\ results for the soil samples are summarized in Table 6 Based on the laborator\

soil resisti\it\ tests the gel/iron mix should ha\e a maximum resistmty of 250 ohms cm for

contrast purposes w i th the existing soils during Indrofracturing acti\e resistmtv monitoring

3 3 Iron ReactmtA Column Test

3 3 1 General

In order to determine the reactivity of the granular iron considered for construction of Iron

Reacti\e 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 wi th contaminated

Site groundwater The bench scale iron reacti\ i t> column test \\as conducted bv EnviroMetal

Technologies Inc (ETI) working in association with the Institute for Groundwater Research

UniversiU 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 hydrofractunng 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 (Gillham

1996 Gillham and O Hannesm 1992 1994) to determine the rates of degradation of the

chlorinated organic compounds that are present in the groundwater at the Site A groundwater

COLDER SIERRA
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sample from monitoring well MW 3A \\as collected bv Colder field personnel and sent to the

University of Waterloo for iron reactivity column testing

In general the column consists of a Plexiglass™ cylinder \Mth a length of 1 6 ft and an internal

diameter of 1 5 in Seven sampling ports are positioned along the length of the column as sho\vn

on Figure 12 The column was carefullv loaded with iron initially flushed with carbon dioxide

then distilled \\ater before the Site ground\\ater \vas introduced The Site groundwater was fed

into the column at a constant rate of 2 ft/day from a collapsible Teflon® bag Based on ETI s

laboratory experience a flo\\ velocity of about 2 ft/day is the maximum that can be used for the

t\pe of iron tested to minimize piping/channeling conditions in the sample Samples for organic

anakses 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 species was quantified along the column length at a particular

time ic after the column was swept b> a certain number of pore volumes of the Site

groundwater Concentrations of VOCs were monitored along the column until the \alues at each

point in the column reached a relati\el> stead\ state condition Steady state condition is

reached when the column test shows a constant (i e unchanging) concentration profile along its

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

\alent iron for each compound were closely matched by a first order kinetic model

First order rate constants are quantified that best fit the data (Figure 13) The first order kinetic

degradation model is given in equation (4) the first order rate constant in equation (5) and the

half life in equation (6)

C /"1 „->•'= C0e (4)
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\\here C is the organic concentration in solution at time

solution at the init ial or influent condition i e at t=0 Xi

species and t is the residence time m the column

ln(f)

The half life t05 is the time for the organic concentration

986 108^

t Co is the organic concentration in

is the first order rate constant for the

to be reduced to one half of it s in i t ia l

or influent concentration i e rearranging equation (4) gives

, =0693/

Master Builders Column Test

(6)

The Master Builders granular iron used in the column test \\as obtained from Master Builders

Inc Cleveland Ohio Geotechmcal laboratorj testing was conducted on the Masters Builders

granular iron to determine its ph\sical properties The

filings tested had a gram size ranging from 0 07 to 2 mm

of 6 93 (particle density of 6 95 g/cm ) (ASTM D 8^4)

gravit\ test results are included in Appendix D 1

Prior to column testing a sample of the medium to fine

medium to fine Master Builders iron

(ASTM D 421) and a specific gravit}

Grain size distribution and specific

Master Builders iron was mixed \ \ i th
Colder s standard cross linked gel to be used for emplacement of the granular iron in the

hydrofracturmg process The column sample was prepared with the iron/gel mix in a cross link
state The cross link and guar were degraded by the aid of an enz>me added to the initial mix

Once the iron column was ready for testing groundwater collected from monitoring 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

0 46 and a density of 157 lb/ft3 (2 52 g/cm3)

BOLDER SIERRA
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A representative sample (dry) of the medium to fine Master Builders granular iron used fo

column testing \\as sent to Colder soils laboratory in Atlanta Georgia for soil classification

(grain size distribution and specific gravit}) testing

353 Results

Groundwater from wel l M\V 3A as received in the laboratory contained about 7 800 ppb of TCE

and 10 ppb of cDCE No other VOCs were detected in the Site groundvvater sample The

retention t ime vs concentration for the species TCE and cDCE detected along the column are

shoun on Figure 14 The semi log plots used for determination of the half lives for the VOCs

encountered in the Site ground\\ater or VOCs generated during the dehalogenation process

dining the column reactivitv test are shown in Figure !:> Figure 16 depicts the change of Eh and

pH values wi th respect to residence time in the column at the end of the test The half l ives

determined for each compound are summarized in Table 7 along wi th their correlative

coefficients Half l ives for TCE and cDCE were determined to be 04 and 14 hours

respectivelv. The test was stopped after 46 pore volumes when the column had reached stead>

state conditions as defined when the column achieves a constant (i e 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 ful l 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 |ig/L and

UW/ETI have a reported detection limit of 5 10 jig/L at low VOC concentrations RECRA

LabNet have a reported detection limit of 0 1 to 1 )ig/L and UW/ETI have a reported detection

l imit of 5 10 jig/L In the influent sample ic high VOC loading and high VOC concentration

there is reasonable agreement and in the effluent i e low VOC loading and low VOC

concentrations both laboratories reported virtually all VOC compounds to be non detect for their

respective detection limits \\ 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

BOLDER SIERRA
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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 l imit with the exception of DCM which was measured to be 2 1 ppb and j 2

ppb by UW/ETI and RECRA LabNet respectively

Comparison of the UW/ETI and Envirogen inorganic analyses of water samples obtained at the

stead) state condition shows good agreement for most of the amon 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 \olumes of water required for the inorganic analyses holding times

were exceeded for the cation anakses

3 6 Desorption Column Test

361 General

A soil desorption column test \\as conducted on a Site soil sample to determine the desorption

rates of VOCs present in the soil sample when flushed with fresh \\ater The results of this test

are used to estimate the VOCs concentration levels downgradient from the Iron Reactive

Permeable Barrier once the groundwater is treated by the permeable barrier

362 Test Method

The laboratory soil desorption test was conducted using a contaminated soil sample obtained

during the Ma> 1998 soil 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 packed and submerged in Site groundwater collected from MW 3A prior to

shipment to the University 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 is carefully loaded with the contaminated soil between

stainless steel plates connected to the influent and effluent ports The Site contaminated soil

BOLDER SIERRA
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sample was flushed with distilled \vater at a constant rate of 0 6 ft/day (0 26 ml/mm) This flow

rate was selected by ETI for the type of soil being tested This flow velocity would not cause

anv piping/channeling through the sample Samples for organic anal>ses 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 lo\\ VOCs

concentration le\els (below MCLs)

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

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

363 Results

The obser\ed trend for the TCE data indicates that the highest concentration of TCE \\as

observed w i t h i n 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 sigmficantlv w i t h i n the four (4) pore \olumes The peak TCE

concentration of 1 169 ppb \\as observed at 0 2 pore volumes wi th 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 approximate!} eight (8) pore volumes The laborator> test

data are included in Appendix E 2

3 7 Soil Total Organic Content

3 7 1 General

Soil TOC analytical laboratory testing was conducted on two soil samples collected from boring

GB 1 in support of the Iron Reactive Permeable Barrier Evaluation in combination with Natural

Attenuation TOC values are used to estimate retardation factors (Rf) used in ID and 2D fate and

transport transient modeling for Natural Attenuation evaluation The tests were conducted by

Advanced Chemistry Labs Inc in Atlanta Georgia

BOLDER SIERRA
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372 Test Method

Test method EPA 9060 (modified for soils) \\as used to determine the TOC of the t\\o samples

tested The soil samples \\ere placed in zip lock bags during sampling and stored at Colder s

soils laboratory in Atlanta The samples were sent to the analytical laboratory appro\imatel>

f ixe months after sampling

373 Results

Testing for TOC \\as 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 laborator\ analvsis are considered representative of the nonvolat i le organic

carbon encountered in the soils The laboratorv test results are included in Appendix E j

BOLDER SIERRA
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4 0 NATURAL ATTENUATION EVALUATION AND RESULTS

4 1 General

An evaluation of recent and historic ground\vater sampling \\as conducted to assess Natural

Attenuation (advection dispersion sorption dilution and/or 1st order decav, (biodegradation))

activity at the Site The initial 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 \\as then

ranked using the natural attenuation screening s> stem of Wiedemeier et al (1996) Finallv 1 D

and 2 D analytical fate and transport modeling \\as performed to estimate the rate of natural

attenuation occurring at the Site and then using these results evaluate the potential behavioi of

the residual TCE plume dovvngradient of the proposed Iron Reactive Permeable Barrier (see

Section 5 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 wi th a low flow gradient from MW _>A to \VT 18 and the Alien Well The TCE grounduater

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 potentiometnc contours given on Figure 6 is 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 in 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 iron 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 dech'ormation of TCE Table j lists other VOCs that \\ere

detected during the analysis

4 3 Spatial Delineation of Natural Attenuation Indicator Parameters

Dissolved oxygen (DO) is the favored electron acceptor used by microbes for the biodegradation

of organic carbon whether natural or anthropogenic Howe\er reductive dechlonnation (the

principal mechanism likely to degrade TCE at the Site) occurs following the depletion of

oxygen after \vhich anaerobic microbes will use nitrate iron sulfate and carbon dioxide as the

terminal electron acceptor DO measurements from the Site \\ere difficult to obtain due to

aeration of the sample prior to measurement due to the groundwater level drawn belo\\ the top of

the screened interval and in man\ cases the wells purged dry Due to the difficulty in obtaining

representative DO \alues 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 is indicative of an onset of a reducing environment and a negative Eh is

the sign of an especially strong reducing environment A large number of the monitoring we l l s

at the Site have low (<50mV) Eh values w i th negative Eh values determined in twe lve (12) of

the thirty two (j2) wells sampled The Redox Potential values are shown as contours on Figure

19 wi th 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 iron (III) is used as the electron acceptor during biodegradation of the organic
compound TCE During this process iron (III) is reduced to iron (II) ferrous iron which is

more soluble than iron (III) Therefore higher concentrations of dissolved iron in 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 in 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

background may be an indication of natural attenuation Sulfate concentrations were obtained for

COLDER SIERRA
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the five monitoring \\ells in the range of 15 to 160 mg/L (Table 2) and illustrated as contours on

Figure 20 Well MW 23 WT is apparently sufficiently dov\ngradient of the plume (TCE was not

detected) as to be considered background and the reported sulfate concentration is 120 mg/L

The lowest concentration of sulfate is approximately an order of magnitude less and occurs in

wel l MW 3A near the plume source indicating a contribution of sulfate reduction to the o\erall

natural attenuation process The sulfate concentration at MW 8A being 160 ppb measured in

the upper sand is one of the highest and is located adjacent to MW 8 with sulfate concentrations

of j9 ppb MW 8 is screened in the intermediate sand MW 2 is in a perched water table and the

high sulfate concentration of 160 ppb in this well is 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 in reductive dechlormation of TCE is ethene and ethane As shown in

Table 2 ethene was reported in all five wells sampled ranging from 13 ng/1 to 49 021 ng/1 The

greatest concentration of ethene was reported at monitoring wel l MW 2 located in the source

area of the TCE plume and is the monitoring well wi th the historically highest TCE

concentrations Ethene and ethane levels measured at the Site are shown on Figures 2land 22

respective!) The intermediate degradation compound of TCE cis 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 dechlormation pathwav mechanism being present at the Site

Alkalinity is a measure of the dissolved carbonate bicarbonate sulfates phosphates pH and
other buffering anions in the aquifer It results from the interaction of carbon dioxide (an end

point oxidative daughter product) with aquifer minerals and is also a direct product of the

bacterial cell synthesis cycle It is indicative of natural attenuation when it 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/1 to 1400 mg/1 and the

distribution of alkalinity concentrations at the Site are given as contours on Figure 23 If well

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

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

4 4 Trend Analysis for VOCs

Further evidence of natural attenuation is apparent upon comparison of the 1994 TCE data wi th

the 1998 data Table 1 indicates that in most wells within the zone of contamination the TCE

concentration is decreasing Well MW 3A is located near the source and is observed to have

decreased b> 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 Alien Well from j60 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 in a perched water table in the source area and wells MW 7

and WT 18 wi th minor increases detected in Wells MW 6 and WT 14 At wel l MW 2 the

increase fiom 3jO 000 ppb to 1 100 00 ppb is consistent wi th its location within the source area

where the perched groundvvater concentration fluctuates in and around an order of magnitude of

solubilitv. At well WT 18 only a slight increase from 12 ppb to 45 ppb was reported and is

similar in concentration to the nearb> Alien Well MW 7 increased from non detect in 1994 to

31 ppb/lppb (duplicate) in 1998

The spatial change in groundvvater TCE concentration is best observed by comparing the two

duplicate plumes from the 1994 and 1998 sampling events The TCE groundvvater

contamination plume as shown on Figure 7 has reduced in concentration and in the overall TCE

mass contained in the plume over the past four (4) >ears The dissolved phase mass of TCE in

the groundvvater plume delineated in the Supplemental RI/FS Investigation Report (Woodward

Clyde Consultants 1994) is estimated to be > 90 Ibs while in 1998 Figure 7 the dissolved

phase mass of TCE is estimated to be 33 Ibs based on the TCE concentration contours shown on

Figure 7 That is there is greater than a 60% reduction in TCE in the groundvvater plume over

the past four (4) years

A further indication that Natural Attenuation mechanisms are occurring is that cis 1 2 DCE is

generated as is evident from wells MW 2 and MW 3A The significant reduction in the ratio of

cis 1 2 DCE to TCE from the unsaturated source area MW 2 to the groundvvater MW 3A is

clearly indicative of significant Natural Attenuation mechanisms being active at the site As cis
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1 2 DCE is a pnmar> breakdown product of TCE it is expected that as the TCE concentration

decreases eg cis 1 2 DCE concentration \ \ i l l change proportionately so as less TCE is

avai lable 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 oxer the same

period Furthermore it is 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 b\

reduction to ethene and ethane or by oxidation

Overall the e\aluation of the natural attenuation indicator parameters the presence of a

complete degradation series from TCE to ethene and the decreasing TCE (concentrations and

mass) in the aquifer indicate active bioremediation is occurring at the Site at rates significanth

greater than that of current TCE loading to the aquifer

4 5 Ranking of the Site Using the Screening Scoring Sjstem

A recent de\elopment in the assessment of sites for the prospect of natural attenuation is a

Scoring S\stem developed by Wiedemeier et al (1996) \\hich assigns points to \anous

chemical and geochemical parameters \\hich 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 uti l izing the Scoring S> stem

The total number of points accumulated in this anal} sis was 16 This total score is interpreted b\
the Sconng S>stem 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 is conservative Some key parameters in the Scoring Sjstem were

not measured due to sample deviation and thus result in a low score even though there is

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 is determined in order of importance from the

following
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1 Grounds ater TCE Concentrations
• Spatial distribution and Time Trends of Concentration Data

2 Presence of Daughter Products
• cis 1 2 DCE
• ethene and ethane

3 Natural Attenuation Indicators
• presence of electron donors
• reduction of computing electron acceptors
• evidence of Cometabolic Degradation
• availabilit> of growth substrates
• evidence of mineralization

4 Site Ranking of Parameters

986 108j>

Considering the significant reduction in TCE concentrations in the grounduater and the

presence of daughter products it is concluded that there is adequate to strong

Natural Attenuation mechanisms being acti\e at the Site

Natural Attenuation (USEPA 1996b) is those processes being biodegradation

evidence of

dispersion

dilution adsorption or other natural processes that \ \ i l l attain required cleanup levels \ \ i thm a

reasonable time frame

4 6 Fate and Timisport Modeling

To assess \\hether the groundwater constituents at the Site are a result of mass

Natural Attenuation fate and transport transient modeling of the TCE plume \sas

The modeling involved utilizing analytical transient solutions that includes advection

removal b\

performed

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 centerlme of the plume enabling

the half life of TCE (1st order decay coefficient) to be determined 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 contaminant exponential decay as presented bv Bear (1979) T\\o solutions of

this transient equation were de\eloped for the following conditions

Q Advective dispersive transport with constituent retardation due to adsorption and no
degradation and

Q Ad\ecti\e dispersive transport \\ith constituent retardation and contaminant exponential
decaj

The governing transient equation is

ac (D Yac"! ( u }(dc} ._— = — —r - —— — -AC (7)
8t U f A ^ J U R f A ^ x J

where D is the coefficient of h>drodynamic dispersion C is the TCE concentration U is the

groundwater \elocity x is the longitudinal ordmate t is Time n is porositj Rf is the TCE

retardation coefficient and > is the biodegradation decay constant for TCE

Several Indrogeologic parameters aie required as inputs to the model as detailed in equation (7)

Groundvvater velocity was determined b\ 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 2j\VT

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 0 35 (i e 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 is estimated from the expression Rf = 1 + p Kd(l n)/n where p is the

bulk density of the solid matrix (2 65 g/ml) Kd is the soil water distribution coefficient for TCE

and n is the porosity The distribution coefficient Kd estimated from the Schvvarzenbach and
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\Vestall (1981) equation (Kd = Foe * Koc) has been shown to considerably underestimate Kd for

sands \\ith lo\\ values of organic carbon Curtis et al 1986 The fraction of organic carbon

(Foe) in the upper and intermediate sands \\as determined from laboratory anal>ses to be an

a\erage of 002% as measured from field samples from borehole GB 1 and reported in

Appendix E j The Foe values obtained from the laboratory analysis are considered

consenative for the determination of Kd since the samples were tested a few months after the

samples were collected in the field and the volatile organic carbon may have been lost during

this period Field estimates for Kd in sands of similar organic carbon content have been reported

Roberts et al 1986 and Rivett et al 1994 and provide Rf \alues for TCE from 1 2 to 2 as a

reasonable range The retardation coefficient Rf \\as estimated to be in the range of 1 2 to 1 6

The coefficient of h\drod\namic dispersion \\as estimated from the expression D=ocU/n \\here

a is the longitudinal dispersi\it\ The longitudinal dispersi\it\ a is approximated as a function

of the plume length and in this case \\as estimated to range from a lo\\ of 1/10 to a high of 1/4 of

the plume length y ie ld ing a range for the dispersion coefficient D of from 7 to 22 f t /da>

A transient sensitivity back anaKsis \\as conducted to determine the values of Rf D and X that

best matched the current obsened groundsater TCE concentrations along the plume longitudinal

axis The parameters Rf and D \\ere onK considered \ \ i thin an acceptable range as stated above

The degradation deca> constant / for TCE \\as then determined to best match the measured

TCE data The degradation half life for TCE (t, ) is related to X b> t5 =0 69j/?

Particular attention \\as given to calibration m the area of monitoring well WT18 and the Alien

Well The model fit utilized the source area data from MW 3A which is the first well in the

intermediate sand and is directly below the source area Other wells used were WT 18 the Alien

Well and MW 23 WT 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 in Table 9 The range of ts to best fit the data was from a low of 500 days to a high of

700 days Equation solution and output from the ID transient model are contained in Appendix

F 1
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As shown on Figure 24 without degradation te if 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 vir tual ly

identical as shown on Figure 23 The lower curves that account for a 1 ' order decay fit the field

data \\ell for TCE half lives ranging from 500 to 700 days This range of half lives is \vell \ \ i thm

the range of reported half lives for TCE (eg Howard et al 1991 USEPA 1996)

The TCE concentration at the Alien Well has been declining over the past 10 >ears from j>60

ppb in 1988 120 ppb in 1994 and 51 ppb in 1998 The above ID fate and transport model \\as

calibrated wi th current 1998 data and did not attempt to match the time delay decline in TCE

concentration in the Alien Well As a further check on the vahditv of the ID model s site

parameters it was considered prudent to check if the model could simulate the declining TCE

concentrations in the area of the Alien Well by solelv modifying the source loading If the TCE

concentration in the saturated source near MW j>A \\as assumed to be 20 000 ppb from 1968 to

1988 and 10000 ppb thereafter the model predicted approximately three (j) times higher

concentration in the vicinity of the Alien Well in 1988 compared to that computed for 1998 The

abiliH of the model to predict a significant declining concentration at the Alien Well over the

past ten (10) years \\ith 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 a 2 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 it provides further validation of the one dimensional
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model and estimates the reduction in contaminant mass that is 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 is the

trans\erse dispersivity (a) and the source plan width The effect of transverse disperse ity (a,)

\\hich is the only distinction between the one and two dimensional models can have a

significant impact on contaminant concentration There is excellent agreement between the t\\o

models \\hen a is set to a small number The geometrv of the groundwater TCE plume see

Figure 7 indicates a low transverse dispersivitv for the upper and intermediate sands Field data

on transverse dispersivities on similar sands have computed a values of approximate!) l / :>0 h to

l /100 h of the longitudinal dispersivitv 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 in

Table 10 The transverse dispersivitv was selected to ensure the computed plume as determined

by the two dimensional model was in reasonable agreement wi th the observed Site plume wid th

Figure 7 The computed TCE concentrations along the plume major flow axis b> the ID and 2D

models are m close agreement see Table 10 Output results for the 2D model are contained in

Appendix 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 ID 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 is the percentage reduction in mass of TCE

from the No Degradation curve to the 1' Order Decay curve and which is only slightly

affected by changes in transverse dispersivity a, 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 is contributing significantly to TCE mass

removal at the Site The current mass of TCE dissolved in the groundwater is estimated from the
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model as being l_>kgm (29 Ibs) which is consistent \\ith the dissolved mass of TCE of _>j Ibs

computed from the 1998 TCE concentration contours sho\\n on

Section 2 3

47 Summary Of Intrinsic Degradation Evaluation

A Natural Attenuation evaluation \\as conducted for the Site using

Attenuation indicator parameters a scoring system and analytical

Figure 7 and discussed in

time trend analysis Natural

fate and transport modeling

The general!} declining 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 acme bioremediation of TCE is occurring at the Site These findings are supported b\

Site specific modeling results that indicate that degradation is occurring and occurring at rates

1 consistent \ \ i th other published field values The fate transport model provided a reasonable fit

to the data \ \ i th realistic input supported by a sensitmtv analvsis of the input parameters From

1 these results it is predicted b) the model that 80% of the dissolved TCE in the grounds ater has

been removed to date b> Natural Attenuation Such natural biodegradation \ \ i l l continue

1

1

1

1

1

1

1

1

1

1

dovvngradient of an Iron Reactive Permeable Barrier and therefore such Natural Attenuation

needs to be incorporated into the proposed Alternat ive Groundvvater
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5 0 IRON RE ACTIVE PERMEABLE BARRIER EVALUATION AND RESULTS

5 1 Jhdraulic Fracturing Background

Hjdraulic fracturing has been utilized in the petroleum industry for over 60 years to increase the

j ield in low permeability formations The hydraulic fractures in brittle rocks propagate in the

direction of the maximum principal stress (Hubbert and Willis 1957) Horizontal fractures

develop in high horizontal stress (overl> consolidated) conditions while at depth vertical

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

During the past 5 years h>draulic fracturing of \\eak highly permeable formations has become

standard practice in the petroleum mdustrv primarily for sand and production control in a

procedure called frac and pack (Wong et al 199j) Recently hydraulic fracturing has been used

for environmental remediation applications (Hocking and Wells 1997 and Hocking Wells and

Ospma 1998aand 1998b)

A series of field hjdraulic fracturing experiments in loose sands and peat layers led to the

realization that the azimuth of vertical hvdrauhc fractures could be controlled by a fracture

initiation 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 thickness can be controlled The technology involves initiating the

fracture at the correct orientation at depth and b> controlled injection of multiple well heads as a

continuous permeable barrier is created Figure 25 To date the technique has been demonstrated

to work in 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 bentomte/cement mixtures

for impermeable barriers

5 2 Hydraulic Fracturing Placement of Oriented Iron Reactive Permeable Barriers

Orientated vertical hydraulic fracturing technolog} requires an injection delivery system

comprising three prime components 1) the fracture initiation device 2) the controlled pumping

BOLDER SIERRA
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equipment and 3) the real time monitoring and inverse algorithms for determining fracture

geometrv The fracture initiation device controls the fracture orientation The pumping svstem is
specialK designed to achieve a precise control of fracture fluid pressures and flo\v rates The real

time monitoring s>stem provides feedback response to ensure the fractures are propagating as

planned A flow chart of the entire mixing pumping and injection equipment and

instrumentation is given on Figure 26 The downhole initiation tools comprise a suite of tools

depending on the geological formation depth and the fracturing fluid required for the particular

application

The real time instrumentation involves either high precision bi axial tilt meters for monitoring

surface movements or resistivity receivers for monitoring surface and/or sub surface induced

\oltages \\hen active resistivity is used to quantif> fracture geometrj For installation of iron

reactive permeable barriers at great depths til t meters are tvpical ly not used Active resist ivi tv

methods can be utilized to determine fracture geometrv in real time during the injection process

During injection the gel/iron mix is electncallv energized with a low voltage 100 Hz signal

Dovsnhole resistivity receivers are monitored to record the in phase induced voltage bv the

propagating fracture From monitoring the fracture fluid induced voltages and utilizing an

incremental inverse integral model the fracture fluid geometry can be quantified during the

installation process

The hydraulic fracture iron reactive permeable barrier is constructed by injecting through

mult iple wel l heads spaced typically 15 feet apart along the permeable barrier alignment

Generally two (2) well heads are initiated and injected 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 iron reactive mixture are continuously monitored to ensure sufficient reactive iron is

injected through the individual well heads

Colder implements strict quality control procedures during construction of Iron Reactive

Permeable Barriers to provide the necessary assurance that the reactive barrier system s design

BOLDER SIERRA



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

October 1998_____________________43_____________________986 108j

performance requirements are achieved Colder s construction quality control procedures and

acceptance criteria concentrate on the following

Q Batch consistency tests of the iron reactive mixture

O Thickness and injected quantities of reactive iron in the various h> drogeologic units

G Geometry of the reactive wall monitored (active resistivity) during injection and

Q Effectiveness of the wall from h>draul ic pulse tests

The permeable reactive \ \all is tested for it s hydraul ic effectiveness b\ pulse interference tests

Pulse interference tests invo lve a c\clic injection of fluid into the source well and b\ high

precision measurement of the pressure pulse in a neighboring well detailed hvdraulic

characterization between wells can be made

The pulse interference test is highlv, sensitive to hvdrogeological properties between the wells

and relat ivelv insensitive to conditions outside of the v\ells The time delav, and attenuation of the

hvdraulic pulse enable the hvdraulic effectiveness of the \val l to be assessed Before the gel cross

link is broken the wall acts as a temporary flow barrier because the gel is an impermeable

viscous fluid If the wal l is continuous significant attenuation of the hydraul ic pulse w i l l 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 is minimal and does not impact the permeability of the

Iron Reactive Permeable Barrier

Construction monitoring of the permeable barrier s installed geometry and hjdraulic

effectiveness provides the capability and flexibility to handle unanticipated conditions and
events during the permeable barrier installation For example if the permeable barrier appears

deficient in thickness in certain areas or unanticipated subsurface conditions or events are
present additional reactive iron can be injected into the identified zone by multiple injections
through the h>drofracturmg wells Alternatively if any gaps or holes are identified 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 is

built to the required degree of integrity and hydraulic effectiveness

5 3 Fracturing Fluids

The placement of iron treatment permeable barriers b> orientated vertical hydraulic fracturing

requires a fracturing fluid gel that is both compatible with the iron and the hvdraulic fracturing

process In the petroleum industry \\ater based fracturing fluids predominate The fracturing

fluid needs to be compatible \\ith the formation and formation fluids be capable of controlling

viscosity and carrying proppant be an efficient fluid (i e low leak off) and have lo\v friction

coefficient (Gidley et al 1989) Hydraulic fracturing cross link gels are typical!} guar HPG

(hvdrowpropv, Iguar) and cellulose based gels such as CMHEC (carbo\\meth>l

h>dro\\eth\lcellulose) The guar based gels are considered natural polymers wh i l e the

cellulose pol>mers are usuall) considered s>nineties

A wide variety of metal cross linkers have been developed \\ith 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 polvmers A strong attraction occurs between the metals and the

h>dro\>l or carboxyl groups increasing the viscosity of the fluid to create a ver> MSCOUS gel

(Gidley et al 1989) Breakers are added to controllabl} degrade the viscous gel down to a th in

waterv, fluid The two common breakers are enzjmes and oxidizers The HPG and cross linker

constituents and enzyme brand are proprietary chemicals of Colder 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 priority pollutant

scans The gel does not exceed drinking water MCLs for any compound Golder s standard

fracturing fluid design was presented in 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 Hannesm (1994) In the case of zero valent iron

COLDER SIERRA
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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 Gil lham 1996) as sho\\n on Figure 27 In situ iron

passive reactive permeable barriers have been placed at a number of sites dating back to the first

constructed at CFB Borden in 1991 by the University of Waterloo The placement of granular

iron in 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 groundvvaters with the prime advantages being that the svstem

is passive It is a simple process that has been proven both in the laboratory and the field Site

characterization and laboratorv bench scale studies are sufficient to design and construct an iron

reactive wal l

5 5 Iron Reactive Permeable Barrier Feasibility Acceptance Criteria

The Iron Reactive Permeable Barrier at this Site should be designed to reduce VOCs in the

groundwater to below MCL levels The feasibility of IRPB s as a remedial groundwater

alternative for the McGravv Edison Site should consider the following general requirements and

specific acceptance criteria

General Requirements

Q The IRPB should consider geotechmcal hydrogeological and groundwater chemistry
data collected during the different Site field investigations

Q The IRPB should consider the use of commercially available zero valent granular iron
the selected emplacement technique and the installation depth

Q The IRPB should consider the variability of Site data (hydrogeology and geochemistry)
iron reactivity and soil desorption column test data and installed wall thickness

HOLDER SIERRA
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D The IRPB should be able to reduce the VOCs encountered in the Site groundwater to less
than MCL levels and the do\\ngradient concentrations from the IRPB should decline
\\ith time to less than MCL levels \ \ i thin a moderate time frame of 10 to 15 jears

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

Q The performance of the IRPB can be properl> monitored with time to evaluate its
performance based on the abilit> of the system to reduce the VOCs encountered in the
groundwater being treated to less than MCL levels

Specific Acceptance Criteria

Q Fracturing fluids used in hjdrofracturmg technology should be efficient fluids \\ith low
leak off In a leak off test (Colder Test Method) the volume lost (leak off) measured
during the test at 10 minutes under a test cell pressure of 25 pounds per square inch
should not exceed 75 mil l i l i te rs

Q Fracturing fluids used in h>drofracturmg technologv should provide sufficient resistivit>
contrast \sith the in situ soils \\here the IRPB is installed for monitoring the geometr\ of
the permeable barrier during construction The fracturing fluids should ha\e a resistivitx
at least jO times lo\\er than the Site soils

Q Reduction rates of groundwater VOCs doungradient the location of IRPB depend on the
grounduater effluent concentrations from the IRPB treatment system and the Intrinsic
Degradation and soil desorption rates of VOCs in 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 is reduced to
less than 5% of the peak concentration of TCE observed during the test and

Q The zero valent granular iron selected for the installation of the IRPB should be reacme
enough to reduce the VOCs encountered in 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 5 hours (1 25 hours in the laboratory) should be determined
for TCE

Results of leak off tests indicate that Colder s standard fracturing fluid would produce low leak

off during installation of an IRPB at the Site using the hydrofractunng technology A volume

lost (leak off) of 13 3 milliliters was measured during the leak off test (Colder Test Method) at

10 minutes under a test cell pressure of 25 pounds per square inch This result is within the

acceptance criteria because it is lower than the 75 milliliters maximum allowed for the selection

of IRPBs and the use of hydrofractunng technology for installation
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The soil resistivity test resu'ts indicate soil resistivity values in the range of 6 600 to 7 600 ohms

cm The Colder standard fracturing fluid has resistivity values that range from 1 600 to 2 400

ohms cm \\i th a mean of 1 900 ohms cm which is about 37 times lower than the measured

laboratory resistivity of the Site soils Therefore the Colder standard fracturing fluid would

produce sufficient resisti\ ity contrast (greater than 30 times) with the in situ soils for mapping

the geometry of the IRPB during installation and is thus deemed acceptable

Reduction rates of groundwater VOCs do\\ngradient the location of the IRPB depend on the

groundsater effluent concentrations from the IRPB treatment s>stem and the Natural

Attenuation and soil desorption rates of VOCs in the ground\vater 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 is less than the maximum allowed test acceptability criterion 5% the peak TCE

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

The zero \alent granular iron selected for the installation of the IRPB should be compatible with

the hydraul ic conductivity of the Site soils and be reactive enough to reduce the VOCs

encountered in the Site groundwater to less than MCL levels The medium to fine Master

Builders granular iron was selected for the IRPB This granular iron is compatible wi th the

hjdraulic 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 1 0 cm/sec to 5 8 x 102 cm/sec with a mean of 2 6 x 10 cm/sec

which is 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 iron selected for the IRPB is 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 life of 1 hour which is acceptable
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given it is less than the 2 5 hrs set as the minimum half life as part of the acceptance criteria for

IRPBs

5 6 Alternatee Groundwater Remedial Plan

561 General

The proposed ground\\ater remedial alternative involves the installation b> the hydrofractunng

technolog\ of an Iron Reactive Permeable Barrier at the source area to intercept the Site TCE

contamination in 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 decline \ \ i th t ime to

less than MCL levels by Natural Attenuation The proposed location of the IRPB with respect to

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

The IRPB would be three (j) inches average thickness and 20 feet high by 240 feet long

extending from about Elevation 993 ft MSL down to Elevation 975 ft MSL (25 ft to 45 ft BGS)

covering a cross sectional area of 4800 ft The IRPB w i l l be constiucted by hvdrauhc

fracturing onl> the sand units shown in the cross section on Figure 29 The fracturing wells w i l l

be able to fracture indiv idual sand units if necessary The overling and underlying t i l l s are

sufficient to contain the fractures within the sand unit and thus maximize the thickness of the

reactive barrier

The IRPB would be located approximately 70 feet dovvngradient from groundwater monitoring

well MW 3A and 35 feet upgradient from monitoring well EW 1 The IRPB is intended to

intercept the contaminated groundwater flowing in 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 is an optimum layout for a source control reactive

barrier If access or legal issues dictate that the IRPB be located within the Site property an

alternative location and layout of the IRPB is given in Appendix G This alternative location and

extent of the IRPB is equivalent to the IRPB shown on Figure 28 however due to its increased

length of 10% it would impact installation cost by approximately 10%

COLDER SIERRA



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

October 1998____________________49___________________986 108:.

562 Site Characterization Data

A number of field investigations have been performed at the Site for hydrogeologic and geo

chemistr} characterization The Supplemental RI/FS Investigation Report prepared for the Site

(Wood\vard Clyde Consultants 1994) summarizes the data collected from previous field

m\ estimations As part of the May 1998 supplemental soils and groundwater sampling field

program implemented at the Site additional data \\as 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 geotechmcal and soil desorption and

iron reactiv it\ bench scale column testing (Section 2 4)

The t i l l cla\s encountered at the Site in general consist of stiff to ver> stiff medium plasticitv

silt> clajs (CL) The sands encountered in the upper and intermediate sand units consist

generalK of medium to fine silt} sands (SP SM) The grain size distribution analysis results of

sand samples taken from borehole GB 1 \\ere anal}zed using the Hazen method (K=(D,0) D10

in mm and K in cm/sec) for estimating h}drauhc conductivity This anal}Sis has }ielded

Indraulic conductivit} values for the Site ranging from about 79 x 10 cm/sec to 1 4 \ 10

cm/sec based on D10 \alues ranging from 0 07 mm to 0 12 mm respective!} A summary of the

anaKsis is shoun on Table 11 The h\drauhc conductivity of the intermediate sands based on

results of aquifer pump tests (Wooduard Cl}de Consultants 1994) is on the order of 2 7 \ 10

cm/sec H\draulic groundwater flow gradients at the Site range from about 0 001 to 0 002 wi th

an average of 0 0015 ft/ft Based on an average hydraulic conductivity of 5 \ 103 cm/see a soil

porosity of 0 35 and a flow gradient of 0 0013 ft/ft the groundwater flow velocity at the Site m

the direction of the TCE plume is estimated to be on the order of 0 06 ft/day (22 ft/year) The

groundwater flow gradient across the Site is shown by examining the potentiometnc 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 in Table 1 The

maximum groundwater TCE concentrations in the upper and intermediate sands has been

measured in monitoring well MW 3 A with values of 14 000 ppb in 1994 and 7 000 ppb in May

1998 Concentrations of TCE in the Alien Well downgradient in the TCE plume (see Figure 28)

have been steadily dropping from 360 ppb in 1988 120 ppb in 1994 and to 51 ppb in the Ma}
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1998 sampling event Concentrations of TCE in monitoring wells MW 2jWT and MW 22WT

ha\e been non detect (ND) in both sampling events The location of the IRPB wi th respect to the

TCE pi line 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

ground\\ater VOCs influent concentrations the in situ IRPB porosity the formation groundsater

flow gradient the formation hydraul ic conductivity the velocity of the ground\vater across the

IRPB the anticipated field half lues for the different compounds the average IRPB in place

thickness and the target IRPB effluent VOCs concentrations Only TCE and cis 1 2 DCE are

currentK present in the Site groundwater at levels of 7 000 ppb and 50 ppb respectively

One design case \\as evaluated for the IRPB to treat the contaminated grounduater in the upper

and intermediate sands as follow

Q Design Case I One wal l of 3 in average thickness installed in the upper and
intermediate sands which have an average hjdraulic conductivity of ^ x 10 cm/sec

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

IRPB porosit> of 0 45 and an average groundwater flow gradient of 0 0015 ft/ft

The results of the deterministic analysis including the input parameters are summarized in Table

12 The single hydraulic fracture installed IRPB in the upper and intermediate sands Design

Case I is 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 iron for about 127 hours which is 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 OOOppb) to concentrations below the MCL level immediately do\vn grad ent of the

permeable reactive barrier

The column reactivity test indicated that an IRPB at this Site \\ould have minimal potential for

clogging and/or precipitation as to impact the permeable barrier s reductive performance The

inorganic chemistry of the Site groundvvater is very similar to sites \vhere reactive barriers ha\e

been performing consistently for over 2 years The expected life of the reacti\e permeable

barrier is difficult to assess from laboratory data ho\vever from comparative field sites and

considering the low groundvvater flow velocity at the Site the IRPB is expected to remain

effective in reducing the VOC s to MCL levels for fifteen (!:>) 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 in the saturated zone it \ \ i l l most likely not be necessary to

install a replacement IRPB system

564 Natural Attenuation of VOCs Downgradient of Iron Reactive Permeable Barrier

To evaluate the Natural Attenuation degradation of the remnant do\\ngradient portion of the

TCE plume beyond the treatment area of the IRPB the 1 D fate and transport model \\as 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 jO for the 2 year 5 year and 10 year predictions after the

IRPB is constructed for values of Rf D and t5 of 1 4 16 6 ft /day and 600 da\s respectively

Sensitivitv 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 132 years with a mean of 11

'/i years would be required to reduce TCE concentrations to below MCL (i e 5 ppb)

The highest TCE concentrations downgradient of the IRPB in 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 is predicted to be degraded by 65% 92% and 99% (i e mass removal of TCE) after 2 5

and 10 years respectively following IRPB installation These analyses show that the alternative

Iron Reactive Permeable Barrier system in 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 Groundvvater Remedy

The Alternative Groundvvater Remedy consists of an IRPB for source control and Natural

Attenuation for biodegradation of the remnant TCE contamination dovvngradient 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 is proposed

that t\\o (2) monitoring \\ells would be installed immediately dovvngradient of the IRPB These

wells and upgradient \\ells such as MW jA \\ould be sampled and anal>zed periodically to

ensure the reactive barrier performs as designed Also site wide monitoring wells both up and

do\\ngradient of the IRPB would be sampled and analyzed for TCE concentration periodical!)

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

5 7 Comparative Analvses of Groundvvater Remedial Alternatives

The Record of Decision (ROD) dated September 199j presented the USEPA selected remedv

\\hich included ground\\ater extraction and ultraviolet catal>zed oxidation to treat the

groundvvater and in situ treatment of the soils using soil vapor extraction The USEPA issued an

Explanation of Significant Difference (ESD) to the ROD in June 1994 The ESD presented

Vacuum Enhanced Groundvvater Recovery (VGR) as an alternative technolog} to conventional

pumping of groundvvater at the Site

Various alternative groundvvater remedies such as a pump and treat svstem using either air

stripping granular activated carbon (GAC) or UV/oxidation 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 groundvvater

extraction method using either UV oxidation or GAC for processing of the extracted

groundvvater has been analyzed by ETG Environmental Inc in January 1995 and recommended

VGR with GAC for the waste/stream treatment

It is now well known that pump and treat methodologies for remediating groundwater

contaminated with DNAPLs such as tnchloroethene (TCE) are not as effective as earlier

anticipated and have led to Superfund Reforms for Updating Remedy Decisions (USEPA

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

Remedv 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 is active at the Site The Alternative Groundwater Remed\ of

an IRPB and Natural Attenuation satisfies both of the abo\e 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 Remedv. can be

implemented in a timely manner is comparable or better in effectiveness and significantly more

cost effective than the current VGR groundwater extraction svstem uti l izing GAC

A comparative analvsis of the Alternative Groundwater Remedial Plan to the proposed VGR

groundwater extraction s>stem follows using the National Contmgenc} Plan (40CFR:>00) (NCP)

criteria The IRPB svstem is effective in degrading TCE in the groundwater to below the MCL

of 5 ppb Natural attenuation of the remnant TCE contaminated groundwater downgradient of

the reactive barrier based on model predictions w i l l be reduced to MCL levels in approximatelv

ten (10) jears The VGR svstem would also be effective in containing the plume and reducing

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

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

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

such a comparison is summarized below and in Table 1 j

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 in situ poses no such risks

Q Compliance \\ith 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 in 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 >ear period bv the
ROD Modified Remedy (SVE and VGR) and the Alternative Remedy (consisting of the
current Soil Remedy (SVE) and IRPB) are shown on Figure jl The VGR and IRPB
essentially extract and degrade respectively similar amounts of TCE and both remedies
(ROD Modified 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

Q Shot t Term Effectnenesss Both systems are judged to be limited in the short term the
IRPB being limited to the low groundwater flow rates at the Site and the VGR being
limited due to its low imposed gradient and thus ground\vater velocity in 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

Q Long Term Effectn eness and Pet manence The IRPB is assessed to be more effective
and more reliable than an active on going vacuum enhanced pump and treat s>stem
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 sjstem including a significant volume of
clean groundwater from the channel sands The VGR system requires cont inual

operations and maintenance to ensure the system remains functional

G Implementability The IRPB is less disruptive and can be constructed quicker and easier
than the VGR svstem The IRPB svstem with an expected useful life of at least fifteen
(15) vears is virtually free of continuing operations and maintenance and

Q Cost Effectn eness The IRPB is more cost effective than the VGR svstem in present
1998 dollars The costs for the ROD Modified Remedy consisting of SVE and VGR is
estimated at $3 5M while the current Soil Remedy and Alternative Groundwater
Remedv (SVE and IRPB) is estimated at $2M for a cost savings of SI 5M see Table 13
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6 0 SOIL REMEDY IMPLEMENTATIOiN AND PROPOSED ALTERNATIVE

GROUNDWATER REMEDY

6 1 Soil Remedy Implementation

The current soil remedy involves uti l izing soil vapor extraction in the unsaturated zone in the

TCE Storage Area inside of the Manufacturing Building and in 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 \\ere found to have TCE

concentrations less than 150 |ig/kg \vith 98% of the soil volume sampled having TCE

concentrations less than 100 (ig/kg and 65% of the soil volume sampled having TCE

concentrations below detection limits The TCE contamination in the soils in the South Culvert

Area are below the clean up l imit of 7:>0 jag/kg and therefore do not require or warrant actne

remediation bv soil vapor extraction

The soil contamination in the TCE Storage Area and inside of the Manufacturing Building \\as

determined bv some thirteen ( l j ) borings as sho\\n on Figure 4 and reported earlier

(Woodward Cljde Consultants 1994) The planar area of the estimated extent of the soil

contamination exceeding 750 (ig/kg is shown on Figure j2 based on the results of these earlier

borings The maximum depth of the soil contamination in these areas in the t i l l that exceeds the

clean up criterion is 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 in the upper till unit designated as till #3 It is proposed in the
implementation of the soil remedy that these identified areas will undergo active remediation by

soil vapor extraction to ensure the soil 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 is downgradient of those source areas identified on

Figure 32 planned for active remediation by SVE The IRPB is sufficiently robust in degrading

high concentrations of TCE in 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 o\erall remedial system

62 Alternate e Groundsater Remedy

The current groundwater remedy is 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) is

presented in Section 5 0 of this report with quantification of Natural Attenuation processes

acti\e at the Site discussed in Section 40 It \\as concluded in Section 5 7 that the alternative

groundwater reined) of an IRPB \\ith Natural Attenuation \\as equivalent to or superior than the

current groundwater remedy based on a comparative anal}sis uti l izing the NCP criteria This

alternative groundwater remed) could be implemented and be functional quicker than the current

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

The alternative groundwater remedy would involve the installation of an IRPB in the source

area as illustrated in plan on Figures 28 &. 32 and in cross section on Figure 29 The IRPB

proposed is 240 feet in length and extends from a depth of 23 feet down to a total depth of 43

feet The IRPB is proposed to be installed bv vertical hvdraulic fracturing in the sand units

wi th in the cross sectional area shown The IRPB would have a minimum thickness of j inches

and consist of medium to fine zero valent granular iron The IRPB would have an in placed

hvdraulic conductivity at least equal to or greater than the Site upper and intermediate sands
Construction quality control and in situ monitoring activities would ensure the IRPB is installed

as designed

The IRPB is capable of degrading the TCE in 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 is 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 is sufficiently robust at this site due to the low groundwater flow

velocities that it is 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
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w i l l flow into the barrier and be degraded to below the MCL It is

recommended that the current Grounduater Remedy be changed from VGR to an IRPB and

Natural Attenuation It is recommended that groundwater monitoring \\ells be installed

immediately dcmngradient of the IRPB and be sampled and analyzed periodically to ensure the
IRPB is functioning as expected

Natural Attenuation was

fact Natural Attenuation

for appioximately 75%

documented as being active at the Site as discussed in Section 40 In

is considered to be of such significance at the Site that it has accounted

of the reduction to date in groundwater TCE concentrations The

grounduater contamination has been documented from historical and current data to be reducing

o\er the past ten (10) vears as discussed in Sections 2 3 and Section 40 Numerical model

simulations presented in Section 564 concluded that the TCE groundwater concentrations in

the remnant plume do\\n gradient of the IRPB would be degraded by Natural Attenuation to

MCLs in ten (10) \ears Therefore it is recommended that the current Site s Natural Attenuation

mechanisms be relied upon to remediate the remnant plume down gradient of the IRPB It is

recommended that some of the existing groundwater monitoring wells be sampled and anaKzed

penodicalK to \enfv that such degradation mechanisms continue in the future
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7 0 SUMMARY AND CONCLUSIONS

The current field sampling program further delineated

986 108j

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

1

1

1

1

were found to have TCE concentrations less than 150

sampled having TCE concentrations less than 100 pg/kg

having TCE concentrations below detection limits The

South Culvert Area are below the clean up l imit of 750

warrant active remediation by soil vapor extraction

u,g/kg with 98% of the soil volume

and 65% of the soil volume sampled

TCE contamination in the soils in the

ug/kg and therefore do not require or

The thirty two (32) existing monitoring wells were sampled and analvzed for TCE

contamination and five (:>) of these \vells were further sampled and anal>zed for Natural

1 Attenuation parameters Groundwater samples were also taken at the bottom of eight (8) of the

soil borings in the South Culvert Area and analjzed for TCE TCE concentrations in the

1

1

1

1

1

1

1

1

1

1

1

groundwater were found to be lower in most cases bv at least 50% than those values reported in

the last sampling round of 1994 Groundwater TCE concentrations are generallv declining

across the entire site and in 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 s>stem 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 bioremediation is occurring at the Site

specific modeling results that indicate that degradation

These findings are supported b> Site

is occurring and occurring at rates
consistent with other published field values The evidence supporting that Natural Attenuation is

active at the site is 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

hydrofractunng technology is an alternative remedial system for the in situ passive treatment of

the TCE contamination in 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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dovvngradient of MW 3 A 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 is 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 Site indicates that

concentration levels of TCE in the remnant portion of the plume downgradient from the IRPB

\\ill be

>ears

reduced to less than 5 ppb (MCL level) by Natural Attenuation in approximately 10

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

VGR aroundwater extraction and the proposed Alternative Groundwater Remedy utilizing an

1

1

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 sjstem compares more favorable than the VGR

sroundwater extraction remedy based on effectiveness implementabilitv and cost

1
The conclusions from this field work and feasibiht> assessment are as follow

1

1

1

1

1

1

1

1

1

1

a

a
a
a
a

a

a

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

groundwater concentrations of TCE are generally declining across the entire site

there is adequate to strong evidence that natural attenuation is 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 is 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 in 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 criteria
The alternative groundwater remedy was determined to be superior to the current remedy
in respect to effectiveness implementabihty and cost
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The recommendations from this \\ork are as follou

Q 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 t i l l #j unit down to depths of
20 and 30 feet respectively

Q to eliminate the South Culvert Area for active remediation and

Q to modify the groundwater remedy to construct an IRPB Barrier and to rel> on Natural
Attenuation at the Site to achie\e 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 Iowa

Well ID

MW1
MW2
MW3
MW3A
MW4
MW5
MW6
MW7
MW7A
MW8
MW8A
MW9
MW19WT
MW20WT
MW21
MW22WT
MW23WT
ALIEN WELL
WT 11
WT 12
WT 13
WT 14
WT 16

Temperature
(C)

128
11

164
152
122
148
127
149
144
172
127

119
13

138
132
155

11 9
148
134
128
136

PH

698
701
743
753
721
888
746
685
684
826
814

634
746
712
72
765

737
714
946
763
9 14

Redox
(mV)

70
151
59
80
32
62
94
82
14
95
1

114
49
53
67
98

22
35
12
42
68

Specific
Conductance
(mohm/cm)

0621
0473
0007
01

0587
0295
055

0321
0889
0024
0781

1 904
0647
0007
0787
0753

0555
0004
1 73

0684
034

Dissolved
Oxygen
(mg/L)

26

62
4

1 6
22
22

2
42

1994 TCE
(ug/L)

370 000
2

14000
07
2
5
nd
9

29
240

77

nd
120

04
05

1998 TCE
(ug/L)

nd
1 100000

nd
6400 7000dup

nd
nd
92

31 1dup
2
1
7

70
20
nd
nd
nd

51
nd
nd
nd
08
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 Iowa

Well ID

WT 18
EW1
BD 11
BD 12
BD 13
BD 14
BD 16
BD 18
BR 10

Temperature
(C)

128
138
125
146
156
133
144
14

144

PH

67
788
742
734
967
742
918
701
702

Redox
(mV)

74
94
107
13
16
30
148
2
82

Specific
Conductance
(mohm/cm)

0366
0242
0915
0018
026
1 874
001

0212
237

Dissolved
Oxygen
(mg/L)

38

1 2

09

1994 TCE
(ug/L)

12

nd

8

1998 TCE
(H9/L)

45
14 12dup

nd
nd
nd
nd
nd
4
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
Natural Attenuation Bloparameters and TCE Daughter Products Detected

McGraw Edison Site
Centerville Iowa

Indicator Parameter

Chloride (mg/L)
Nitrate (mg/L as N)

Nitrite (mg/L as N)

Phosphate (mg/L as P)
Sulfate as (mg/L as SO4)

Alkalinity (mg/L)

Hardness (mg/L as CaCO3)
Carbon Dioxide (mg/L)

BOD (mg/L)

COD (mg/L)

Sulfide (mg/L)
Methane (ng/L)

Ethene (ng/L)
Ethane (ng/L)

1 2 DCE (total) (ug/L) (1994)

1 2 DCE (total) (ug/L) (1998)

Well ID
MW2

170

nd

nd

nd

160

230

340

230

160

660

002

217238

49021

14239

19000

130000

MW3A

2

09

nd

nd

15

350

340

17

5

42

nd

378

68

54

6

47

MW8A

380

nd

nd

nd

160
560

1100

4

6

37

nd

283

13

21

08

nd

MW8

46

1 3

nd

nd

39

1400

1200

nd

nd
30

nd
137

55

<5

nd
nd

MW23WT

73

nd

nd

nd

120

410

430

51

6

nd

002

166

25

<5

nd

NOTES
nd Constituent not detected during analysis of sample

Not obtained

986 1083
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Table 3
Other VOC Detected in Wells Sampled for Natural Attenuation

McGraw Edison Site
Centerville Iowa

Indicator Parameter

Benzene (ug/L)

Toluene (ug/L)

Xylene (total) (ug/L)

Ethylbenzene (ug/L)

Acetone (ug/L)

Carbon Tetrachlonde (ug/L)

Chloroform (ug/L)

Year

1994

1998

1994

1998

1994

1998

1994

1998

1994

1998

1994

1998

1994

1998

Well ID

MW2 MW3A MW8A MW 8 MW 23WT

nd

nd

nd

nd

nd

nd
nd
nd

nd
nd

nd

nd

nd

nd

nd

nd

03

nd

nd

nd
nd
nd

nd
nd

09

nd

2

05

06

nd

nd

nd

nd

nd
nd

nd

nd

3

nd

03

nd

2

06

nd

100

44

nd

nd

03

nd

nd

nd

nd

nd

nd

nd

nd

NOTES
Sample contaminated in field or in lab

nd Constituent not detected during analysis of sample
Not Obtained
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Table 4
Colder Fracturing Fluid Iron/Gel Design

McGraw Edison Site
Centerville Iowa

Hydroxypropyl Guar

Enzyme Breaker

Borate Cross Linker

Granular Iron

Product Name

Colder B1

Colder BE1

Colder BC1

100% m f Master
Builders Iron

Product per
1000 gallons

of water

48 Ib

1 Ib

5 gal

16000lb

Product per
liter

of water

5 8 g

012g

5ml

1 900 g

COLDER SIERRA t bi I ! bl 4
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Table 5
Summary of Leak Off Test Results

McGraw Edison Site
Centerville Iowa

Sample ID

GB 1/15

GB 1/15

GB 1/15

uses

SPSM

SPSM

SPSM

Soil Description

MEDIUM TO FINE SAND little silt
trace fine gravel

MEDIUM TO FINE SAND little silt
trace fine gravel

MEDIUM TO FINE SAND little silt
trace fine gravel

Gram Size

Dl5 D50 D8S

(mm)

0 11

011

011

029

029

029

056

056

056

Sample
Initial

Conditions

Yd
(pcf)

1105

1122

1141

n

034

033

034

Leak Off Test
Test

Pressure

(psi)

25

50

100

Cw

(cm/mm')

002

003

004

Spurt

(cm)

009

008

0 16

Fluid Lost
@ 10 mm

(ml)

133

13 1

235

NOTES
yd Dry Unit Weight
n Porosity

COLDER SIERRA M tabi
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Table 6
Summary of Soil Resistivity Test Results

McGraw Edison Site
Centerville Iowa

Sample ID

GB 1/9

GB 1/10

GB 1/15

Sample Depth
(feet)

41 432

45 48

70 725

Moisture Condition
(1)

saturated

saturated

saturated

Resistivity
@ 15 5 C ohms cm

7600

7600

6600

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 Iowa

Compound

TCE

as 1 2 DCE

VC

M F Master Builders Iron

Laboratory Half Life
tos(nr)

040

14(D

nd

Laboratory Half Life
Correlation Coefficient r2

0995

0990

nd

Anticipated Field Half
Life(6)

tos(nr)

1

3

4(7>

NOTES
(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) The tests were conducted using site groundwater from wells MW 3A with the

medium to fine Master Builders iron
(5) Tests conducted by EnviroMetal Technologies Inc (ETI)
(6) The field half life values are the laboratory half life values adjusted for field conditions (temperature)
(7) VC half life obtained from ETI database
(8) nd Compound not detected in the column influent or effluent groundwater

COLDER SIERRA M I bl I T t>l 7
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Table 8
Natural Attenuation Screening Scoring System

McGraw Edison Site
Centerville Iowa

Analyte

Dissolved Oxygen

Nitrate
Iron (II)

Sulfate

Sulfide

Methane

Redox Potential

PH
DOC

Temperature
Carbon Dioxide

Alkalinity

Chloride
Hydrogen

Volatile Fatty Acids

BTEX

as 1 2 DCE

Ethene/ethane

Criterion & Score

< 0 5 mg/L

> 1 mg/L

< 1 mg/L

> 1 mg/L
< 20 mg/L

> 1 mg/L

> 0 1 mg/L

> 1 mg/L

<50mV

< 100 mV

5 < pH < 9

> 20 mg/L

>20°C
> 2x background
> 2x background
> 2x background

>1 nM

> 0 1 mg/L

> 0 1 mg/L
Presence if daughter product

> 10ug/L

> 100ug/L

3

3

2

3

2

3

2

3

1

2

0

2

1

1

1

2

3

2

2

2

2

3

TOTAL

Site Allocated
Score

1

2

0

2

0

2

1 5

0

0

0

05

05

1 5

0

0

0

2

3

16

Score Interpretations

0 to 5 Inadequate evidence for biodegradation of chlorinated organics
6 to 14 Limited evidence for biodegradation of chlorinated organics
15 to 20 Adequate evidence for biodegradation of chlorinated organics

> 20 Strong evidence for biodegradation of chlorinated organics

COLDER SIERRA bl 6



October 1998 Table 9
SENSITIVITY ANALYSIS FOR BACK CALCULATED MODELING PARAMETERS

McGraw Edison Site
Centerville Iowa

986 1083

Retardation Factor
for TCE (Rf)

1 6
1 4
1 2
1 6
1 4
1 2
1 6
1 4
1 2

Dispersion
Coefficient (D)

(ft2/day)

>22
21 4
173
20

166
132
161
132
102

Degradation
Half Life for

TCE (t5o)
(days)

500
500
500
600
600
600
700
700
700

Computed Groundwater TCE Concentration (ppb)
at 30 Yrs Along Plume Major Flow Axis

200ft
na

1292
1293
1291
1291
1294
1291
1292
1290

400ft
na

249
249
249
249
250
249
249
249

600ft
na
48
48
48
48
48
48
48
48

NOTES
(1) Parameters Rf D and t5o were computed to fit current site TCE groundwater concentrations and be

within the acceptable parameter range
na Not applicable
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October 1998 Table 10
COMPARISON OF 1D AND 2D FATE AND TRANSPORT

TRANSIENT MODELS
McGraw Edison Site

Centerville Iowa

986 1083

Model

1D

2D

2D

2D

Transverse
Distance (ft)

0

0

50

100

Computed Groundwater TCE Concentration (ppb) at 30 Yrs along Plume Major Flow Axis (ft)

0

6700

6700

0

0

100

2944

3067

1111

0

200

1294

1373

565

4

300

569

602

270

8

400

250

263

127

8

500

110

114

59

6

600

48

48

26

3

NOTES
(1) Parameters Rf D and i^ were 1 4 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

COLDER SIERRA MCTABLES1 I T bl 10
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Table 11
Summary of Hydraulic Conductivity Estimates

McGraw Edison Site
Centerville Iowa

Sample

M F Master Builders Iron (iron column test)

M F Master Builders Iron (typical range) (1)

M F Master Builders Iron (mean) (1)

GB 1 (desorption test sample)

GB 1/9

GB 1/10

GB 1/1 5 (leak-off test sample)

Sample Depth (ft)

NA

NA

NA

30 3 to 31 3

41 to 43 2

45 to 48

70 to 72 5

D10 (mm)

0 16

01 024

0 16

007

012

0085

0089

Geometric Mean (GB 1 )

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

Hydraulic Conductivity (2)
(cm/sec)

26E 02

1 OE 02 to 5 8E 02

26E 02

49E03

1 4E02

72E 03

79E03

80E03

27E03

NOTES
(1) Values based on Colder s data base
(2) The hydraulic conductivity values are calculated using the Hazen method based on D10

(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 Iowa

DESIGN CASE I One Wall (3 thick) Formation Kme = 5 x 1 0 cm/sec

Compound

TCE

cDCE

VC

Wall Influent
Concentration

Co (ppb)

7000

50

nd

Wall
Porosity

n

045

045

045

Formation
Flow

Gradient

00015

00015

00015

Formation
Hydraulic

Conductivity
k (cm/sec)

0005

0005

0005

Wall
Groundwater

Flow
Velocity
vp (ft/day)

005

005

005

Effective
Wall

Thickness
Wth (in)

3

3

3

Wall
Residence

Time
t(hr)

127

127

127

Design
Half Life

Uo (hr)

1

3

4

Wall Effluent
Concentration

C (ppb)

nd

nd

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 Iron/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
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Table 13
NCR Criteria Comparison of Alternative Groundwater Remedy

McGraw Edison Site
Centerville Iowa

NCP Criteria

Overall Protection of Human Health and the
Environment

Compliance with ARAR s

Reduction of Toxicity Mobility or Volume

Short Term Effectiveness

Long Term Effectiveness
and Permanence

Implementability

Cost Effectiveness

ROD Modified Remedy

Vacuum Groundwater
Recovery (VGR)

Protective

Equivalent

Provides Mass Removal and
uses Ex Situ Treatment

Limited

Limited

Access Disruption with
Continual Operations and

Maintenance (O&M)

Not Cost Effective
SVEandVGR ($3 5 Million)

Alternative
Remedial Plan

Iron Reactive Permeable
Barrier (IRPB)

Protective

Equivalent

Provides Equal Mass Removal
and uses In Situ Treatment

Limited

Better Effectiveness
More Reliable

Better Less Disruption
Minimal O&M

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
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HEAD
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(ppm)
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-
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"
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-

-
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-
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ŷ/^^y//
%$/
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'//fty//,
f / fCin* / s

y/fy%
•>
in
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If!
'//&*///

YJjjfr
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'%
•>

til
SM
fli:

• F1I brown s It b ck f ogme ts o g n c mote 1 m t

Block, silty cloy soft med'um plost cty

- G oy— block, s Ity cloy soft med um plast c ty w th b ck f ogme ts

Dark gray a Ity clay very soft wet med um plast c ty
G ayish-b own slty cloy st ff hghly plost c wet with oots.
Dark g ay slty clay stff hghly plast c most wth yellow— brown mottles
roots
Dark g ay s Ity clay very soft wet med um plast c ty w th roots
Yellow-b own 3 llty cloy st ff h ghry plastic mo st w th gray mottles
Dark gray a Ity clay very soft wet med um plast c ty w th roots

" Yellow— b own slty clay very st ff mo st w th g ovel

-

Brown sh— yellow s Ity cloy hard med um plast c ty mo st w th t oce med um
sond

_ Yellow— b ow slty cloy hard med m plast cty most wth t ce med m _
so d o d grovel w th some g oy mottl g

- L grit olive— brown s Ity clay soft med um plost c ty wet Ha d at bottom 7

Olve-brown slty cloy very soft ery wet

— Yellow-brown slty clay frm moist med m plast cty with trace of sand —
. ond g ovel

L grit olive-brown s Ity clay soft low plost c ty ncreasing s It w th trace of
sand ond g ovel w th nc eas ng depth mo st

L grit olive— brown B Ity clay w th trace of sand and gravel med um plast c ty
f m 1 c easi g sand nd g ovel w th depth m t
Lght olive— b own cloy wth sit had low plast cty moist wth 1/4 sand
and gravel seen at 31 5
Light olive— brown cloy wth s It, low plaste ty mo st w th trace of sond and

' g ovel
Yellow sh— b ow cloy w th s It w th t oce so d a d g ovel hard low

- plost c ty

-

_ Yellow sh— brown f'ne sond moist wth trace of sit _

- —

SS

SS

ss
ss
ss
ss
ss

ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ws

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1 3/2

2/2

1 8/2

15/2

2/2

1 7/2

1 75/2

0

2/2

1 8/2

1 7/2

1 6/2

1 3/2

1 3/2

1 3/2

1 8/2

1 5/2

0

1/2

0
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PROJECT NUMBER 44061 LOGGED BY C ELVRUM

DRILLING CO ERM/AQUADRILL DATE DRILLED 4-29-98

BORING METHOD GEOPROBE/DRILLING RIG FIELD SCREENING EQUIP PID

SAMPLING METHOD LASKEY SAMPLER ANALYTICAL METHOD TCE
NOTES DWG NAME bor ngs logs

DEPTH
(FT)

o-

—

10-

20-

-

-

30-

—

-

40-

BORING
LOG

ML

jpnuJ|

CL

jjj

'9i i f
MH
I j j

//y£\.//;

SW

SW

/^CL^

SW
I 1 I

SM
I 1 1

DESCRIPTION AND COMMENTS

- Redd sh-brow top so 1 cloy w th ed b ck frogme ts moist soft med m
_ plost c ty

Redd sh-brown fll wth red brck fragments at top mast soft medum
- ptosl c ty

. Black clay fll ma st soft med m plast c ty

. Block cloy fll more gray at bottom med m plast cty

_ Dark yellow sh-brow slty cloy most frm med m plost cty _

- Block s Ity cloy soft med um plost c ty

Black slty clay soft medum plast cty wet yellow sh-brown slty clay wth
— g ay mottles soft highly plast c mo st —

Black slty clay very soft wet

Yellow sh— brow cloy with grey mottles soft hghly plost c most

" Dark gray s Ity clay wet w th some fne send
Yellow sh— brow slty cloy f m, most wth gray mottles f e yellow sh-b ow
sand at bottom 2

* Yellowish— brown fne med m sand wet

- Light olive— brown s Ity cloy w th trace of sand and g avel soft near top
_ frm near bottom
— L ght olive— b own f ne to med m so d w th t ace of gravel and clay wet —

Yellow sh— brow s Ity cloy w th gray st eoks a d t ace of fne d wth
ncreas ng depth

~ Yellowish-brow fne to medum sand wet wth 2 yellow-brown slty cloy
- ot top
_ Y How sh— brow f to med m sand wet _
. Yellowish— brown s Ity cloy ha d med m plast c ty mo st w th trace of sand

and grovel and g ay streaks

- Dark, yellowish— b own med um to coarse g a ed sand moist

— Lght olive-brown slty sand moist _

- —

SAMPLES

SS

SS

ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss

ws

HEAD
SPACE
(ppm)

0

0

0

0

0

0

0

0

3

2

0

0

0

0

0

0

0

0

0

0

RECOVERY

1 5/2

1 5/2

2/2

2/2

1 5/2

1 5/2

1/2

1/2

2/2

2/2

2/2

2/2

2/2

2/2

2/2

2/2

1/2

1/2

2/2

2/2
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DRILLING CO ERM/AQUADRILL
BORING METHOD GEOPROBE/DRILL RIG

SAMPLING METHOD LASKEY SAMPLER
NOTES

LOGGED BY C ELVRUM

DATE DRILLED 5-3-98

FIELD SCREENING EQUIP PIO

ANALYTICAL METHOD TCE
DWG NAME borings logs

DEPTH
(FT)

BORING
LOG DESCRIPTION AND COMMENTS

o-i ——————————————

10-

20-

30-

40-

til
//CHV/

ii
ML
SM

^CH//;

1
W

sw

SM

II

SAMPLES
HEAD

SPACE
(ppm)

RECOVERY

Block clayey top so 1 w'th ock sott moist
Dark yellow sh-b ow s Ity lay mo st soft med urn plast c ty

Dark groyish-b own s Ity cloy soft mo st med m plost c ty

~ Olve-brow slty clay frm most hgh plast cty

L ght olive— brown s Ity clay f rm mo st h ghly plast c w th gray st eaks

Lght gay silty cloy wth olive-bow mottl g mast frm med m plost cty
w th t ace so d a d g ovel

St o g b own s Ity clay moist med m plast c ty w th t oce g ovel a d g ay
od les

_ Slty sandy cloy yellow sh-b
Yellow sh— brown silty fne sa

3wn low plost cty most soft
d wet

-

- Light olive- brown slty cloy soft wet hgh plost cty wth gray mottles

Lght olive-brow silty day
strong brown mottles wth tra

Yellow sh-brow silty clay crt
— g ovel

Dark grayish— brown s Ity cloy
L ght ofive-b ow s Ity cloy r
L ght olive— brown s Ity cloy '

- Yellow sh-brow silty f e so

-

50- —————— —— ———

•tENVIROGEN
NEW SOUJTW6 TO HAZARDOUS WASTE PROBLEMS

soft mo st med urn plast c ty w th grey a d
ce gravel and rock fragments

jmbly mo st w th g ay mottles and t oce

with trace gravel frm med urn plast c ty
no st frm med urn plost c ty
>et r m med m plastic ty
and gravel wet.

nd wet

McGRAW-EDISON
CENTERVILLE, IA

-

SS

SS

ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ss
ws

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

6

0

0

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

2/25

2/25

25/25

25/25

25/25

25/25

25/25

25/25

2/25

2/25

BORING NUMBER P-03
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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 INTERVALS BETWEEN 21 -30 WERE DWG NAME borings logs

NOT RECOVERED (SEE P4 (2))

DEPTH
(FT)

BORING
LOG DESCRIPTION AND COMMENTS SAMPLES

HEAD
SPACE
(ppm)

RECOVERY

o- —————————————————————————————————————————————

-

10-

-

-

-

-

20-

30-

40-

wV<
yJ-LA

'f^^-Spt•^/>&&/,

Wt.
Wfa'$&,IP!
wty////////\//////.%®y/.//////,'//////
Y/VL//
v//////.

o

•

wm

~ Redd sh-brow s Ity clayey f II with red b ck f ogme ts Light-gray ock
- f ogme ts w th oots at bottom

L ght— gray ock fragments at top redd sh-brown s Ity loyey Til w th brick
f agments mo st

- Redd sh-b ow s Ity cloy f II w th b ick f agments mast

Dork— gray silly cloy soft mea" m plost c ty horder ot bottom mo e moist
some orgo c mater al

— Do k— gray s Ity clay soft highly plost c some orgo c mate al wet —

- Brown slty clay frm hghly plost c most

- Gray clay hard very plost c more yellow sh-brown at bottom mast

_ Yellow sh—b own silty cloy f mn med m plost c ty w th trace med m sond
most

- Olive-brown slty clay hard very plost c wth trace med m sand

Srow sh— yellowish, s Ity cloy w th t oce so d o d g avel frm med m
plost c ty mo st

— -

Olive— yellow s ity lay f rm med m pla t ty w tn ( so a a d g ovel
- wet rock fragme ts at t p

t Olive-yellow slty cloy frm wth gray mottles, med"um plastcty wth trace
sond and grovel wet rock fragments ot top

- Olive-yellow sh slty clay soft med urn plost c wet with 8 fne sit sond
. seen at 36 clay

- Olive-yellow sh slty clay wet soft med urn plastcty fne sond wth some
sit at bottom 1

SS

ss
SS

ss
ss
ss
ss
ss
ss
ss

ss

ss

ss
ss

ws

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2/2

2/2

1 3/2

1 3/2

2/2

2/2

2/2

2/2

1/2

1/2

1/2

25/25

25/25

25/25

50- ————————————————————————————————————————————————————————————————
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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
(FT)

BORING
LOG DESCRIPTION AND COMMENTS

o- ——————————————————————————————

ID-

20 -

30-

40-

•^CH/^

/V'PI '/y

-

Yellow sh— brow s'lty so dy cloy soft wet 1 w plcst c ty
- Yellow sh-brown sflty clayey frm wet

— L ght olive— brown s Ity clay soft med m plast c ty with gray mottles

SAMPLES
HEAD

SPACE
(ppm)

RECOVERY

—

- —

50- —————————————————————————————————————————————

•tENVIROGEN MCGRAW-EDISON
^" * ™ ™ ' ' ^* ̂ *^^ ^* "̂ ^" • ™ /^ l~~ k 1 "T™ f~~ (~^\ / 1 1 1 l~~ 1 A

NEW SOLUTIONS TO HAZARDOUS WASTE PR08UOIS U L 1 N 1 LlSVILLL, IA

ss

ss

ss

ss

0

0

0

0

25/25

25/25

25/25

25/25

BORING NUMBER P-04(2)
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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 logs

DEPTH
(FT)

BORING
LOG DESCRIPTION AND COMMENTS SAMPLES

HEAD
SPACE
(ppm)

RECOVERY

o- ———————————————————————————————————————————

-

-

-

10-
-

-

-

-

20-

30-

40-

^M
sw
sw

Wt,sw

^X°H^

SW

'yffi/k
SW

•x//-CH%

Y/f//y/

Red clayey HI w th sand and gravel

Black med m sand and gravel most

- Black f ne to med m sond mo st

- Dark gray s Ity clay soft med um plost c ty

_ Block f e to med um so d wet _
_ Block s Ity cloy soft med' m plast c ty
- Yellow sh-brown slty cloy frm most wth gray mottles hgh plost cty

- Black, f e to med um so d wet w th grovel

~ Cray cloy had very plast most yellow sh-b own at bottom 3

- Block, r e to med um wet with t ace of g ovel

Gray cloy frm very plost c moist

- Yellow sh-brow silty clay frm medum plast cty

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

0

0

0

0

0

0

0

0

0

0

2/2

2/2

2/2

2/2

2/2

2/2

1 7/2

2/2

1/2

1/2

50 —————————————————————————— ———— —————————————————————————————————

^ENVIROGEN MCGRAW-EDBON BORING NUMBER P.05
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PROJECT NUMBER 44061

DRILLING CO ERM/AQUADRILL

BORING METHOD GEOPROBE/DRILL RIG

SAMPLING METHOD LASKEY SAMPLER
NOTES

LOGGED BY C ELVRUM

DATE DRILLED 5-1-98

FIELD SCREENING EQUIP PID
ANALYTICAL METHOD TCE

DWG NAME borings logs

DEPTH BORING
LOG

o- ——

ID-

20 -

30 —

40-

^RLL

DESCRIPTION AND COMMENTS

yp,
\

%ffcsw

W(fy/
Y/M

Vy M//

W

nil
MH
Ill l

50 ————

•

Red layey f II w th sa d a d g ovel

SAMPLES
HEAD

SPACE
(ppm)

RECOVERY

-

Black, medum sand and gravel moist

— Black, silty clay soft medum plastcty most —
- C ayish-brown s Ity cloy soft wet med urn plast c ty some o go c mote al
. w th t ace sa d

. Yellow sh-brown slty clay frm hgh plastcty moist wth gray steaks

- Yellow sh— b ow s Ity clay frm h gh plast c ty mo st w th g ay streaks mo
. gray near bottom

Lght gray slty cloy wth yellow sh-braw mottles ea top 1 yellow sh— ed
~ s Ity clay med m plast c ty ha d, mo st at bottom

_ Brown sh— yellow slty clay wth gray mottles wth trace med m sand and
g ovel low plost c ty crumbly

Brown sh— yellow silty cloy w th gray streaks w th t ace med m sa d a d
grovel most low plastcty crumbly

_ Brown sh— yellow silty clay w th gray st eaks with trace med m sa d a d
gravel mo st low plast c ty crumbly mo e gravel nd ock f gments tow d
bottom 8 yellow sh-brown hard medum plast city

_ Yellow sh— brown s Ity clay frm med um plost c ty mo st with some g ovel
and grey mottles Th (~8") gravel layers at 26 wet

Yellow sh— brow s Ity clay w th some gravel and rock f agme ts moist
- medum plastcty frm wth gray streaks

Yellowi h— brow silty lay w th som gravel m t med m pla t ty r m
w th g ay st eaks

Yellowish-brown silty cloy with some grovel most low plastic ly frm wth
- g ay st eaks

. Yellow sh-brown slty cloy wth some gravel most low plastic ty frm wth
gray streaks more slty towards bottom

Yellowish— brow silty fn s

-

tENVIROGEN
NEW souiTws TO HAZARDOUS WASTE PROBLEMS

d wet

McGRAW-EDISON
CENTERVILLE, IA

-

—

SS

ss

ss

ss

ss

ss

ss

ss

ss

ss

ss

ss
ss

ss

ws

0

0

0

0

0

0

0

0

0

0

0

0

10

8

35

35

2/2

2/2

25/25

25/25

25/25

25/25

2/25

2/25

2/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

BORING NUMBER P-05(2)
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PROJECT NUMBER 44061

DRILLING CO ERM/AQUADRILL
BORING METHOD GEOPROBE/DRILL RIG

SAMPLING METHOD LASKEY SAMPLER

NOTES

LOGGED BY C ELVRUM

DATE DRILLED 5-2-98

FIELD SCREENING EQUIP PID
ANALYTICAL METHOD TCE

DWG NAME borings logs

DEPTH
(FT)

BORING
LOG DESCRIPTION AND COMMENTS

o- ———————————————

ID-

20 -

30-

40-

// ./X*

i
mY/ZV/Y,

W
sw

1
I 1 f
SMi i i

SAMPLES
HEAD

SPACE
(ppm)

RECOVERY

_ Dork brow s Ity cloy med m plast c ty s ft ma st w th tr ce so d gravel
and oots w th ed br ck f ogme ts

_ Block silty clay frm h ghly plast c w th o go mot 1 d trace f e _
sand

- Do k g ay soft a Ity cloy w th o go c mate al mo st very plast c

- Lghl olive— brown slty clay hard ery plast c most with gay steaks.

- Light olive— b own s Ity clay f m very plast c mo st w th g ay mottles

Olive s Ity clay w th ol ve— b own st aks ha d ery plast c moist w th
• grovel

Yellowish— ed silty cloy crumbly med m plost c ty mo st

Brow sh— yellow s Ity clay med m plast c ty mo st w th gray mottles f rm

Lght olive— brown slty clay frm med m plost cty most wth gray mottles

- Med urn coarse sand and grovel yellow sh-brown wet

L ght live— brown s Ity ctoy w th t ce g av 1 mo st h gh plost ty frm w th _
g ay streaks ~

~ L ght olive— brown s Ity clay w th t ace gravel mo st h gh plost c ty frm w th "
- gray streaks more slty at bottom

- Lght olive-brown s Ity f ne sa d wet

- -

50 —————— ————

••ENVIROGEN
NEW SOLUTIONS TO HAZARDOUS WASTE PROBLEMS

SS

ss
ss
ss

ss
ss

ss

ss

ss

ss

ss

ss

ss

ss
ss

ss

ws

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

25/25

25/25

25/25

25/25

25/25

25/25

2/25

2/25

2/25

2/25

25/25

25/25

25/25

25/25

2/25

2/25

McGRAW-EDISON BOR|NG NU..aER ...
CENTERVILLE, IA BORING NUM8ER p-°6
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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
(FT)

BORING
LOG DESCRIPTION AND COMMENTS SAMPLES

HEAD
SPACE
(ppm)

RECOVERY

o- ———————————————————————————————————————————

ID-

20 -

30-

40-

>>nii^.
/// s / //
%CL^///////;

mY/VW

i

%,

m
^1
% ' /y

•?

1 1
SM\ j

Doric brown s Ity clayey f II w th grovel and br ck fragments mo si soft w th
" o go c material ~

- Very dork gray s Ity day soft med m plast c ty wet w th gravel ad
— o gan c material si ght odor —

Groyish-b ow s Ity cloy f m highly plast cm t w th g ay streaks

L ght olive— b own s Ity cloy f e h ghly plast c moist w th grey st eaks

- Olive s Ity cloy hard very plast c wet w th groy and yellow-b ow mottles

Olive-gray silty clay hard very plost c w th t ace so d moist

_ S'lty clay ho d med urn plastic ty w th t ace so d mo st _
- Gray slty day wth trace sa d and grovel hard med m plast cty most
- Stro g b own s Ity clay w th trace s d f rm med m plost c ty moist w th
_ g ay streaks
- Strong brown s Ity clay w th trace sand f rm med m plast c ty moist w th

gay steaks more olve— brown eo bottom

• Yellow sh— brown slty clay soft hghly plast c wth groy mottles trace gavel *
- and few block mottles most

Light olive— brown slty clay soft med m plast cty wth trace sa d o d
gravel a d rock fragments wet

Lght olive— b own Ity wth t ce sa d nd grovel very ha d med m
- plast c ty mo st w th g ay st e ks

-

- S'lty fne sond Ight olive-brow wet

- —

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

SS

ws

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1 5/25

1 5/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

2/2

50- ———— ———— -- — ———— —————————————————————————————————————

^ENVIROGEN MCGRAW-EDISON BORING NUMBER P_07
NEW SOLUTIONS TO HAZARDOUS WASTE PROBLEMS V^ L_ 1 N 1 [_ IA V 1 l_l_l_, IAA
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PROJECT NUMBER 44061

DRILLING CO ERM/AQUADRILL

BORING METHOD GEOPROBE/DRILL RIG

SAMPLING METHOD LASKEY SAMPLER
NOTES

LOGGED BY C ELVRUM
DATE DRILLED 5-3-98

FIELD SCREENING EQUIP PID

ANALYTICAL METHOD TCE
DWG NAME borings logs

DEPTH
(FT)

BORING
LOG DESCRIPTION AND COMMENTS

o- ——————————————

ID-

20 -

30 —

40-

>|JLL^
SW

/%.CL///

t

W
sw

^</̂

""ft'
SM

Y/Y//'/
I I

SM

- Dork b ow s Ity cloy fll w th
- roots soft med m plast c ty

SAMPLES
HEAD

SPACE
(ppm)

RECOVERY

red brck fragm nts wth tro e g avel ad
moist

Block med um coarse sand o d grovel mo st
Very dark gray soft s Ity cloy w th t ace gravel mo st

L ght olive— brown s Ity cl y f m mo st h ghly plast c w th g ay mottles

Lght gray slty cloy wth ol" e-brown mottl g frm most hghly plast c

. L ght gray s Ity cloy w th olive— b ow mottl g f m mo st h ghly plast c
w th g ey bottom

_ St o g b own s Ity clay hard w th black nod les a d g ay mottles moist _
med m plast c ty
Stro g b own s Ity cloy hard w th block nodules o d g ay mottles mo st

~ med um plast c ty crumbly

Yellow sh-b own slty clay f rm moist med m plast c w th block od les
~~ and g ey mottles trace grovel

Yellowish— b own s Ity cloy frm mo st med um plast c w th black odules
and g ey mottles trace g avel ol ve— b own towa ds bottom

Yellowish— b ow med m to coarse g a ed sand

- Olive-brow s Ity cloy ha d

- L ght olive— brown s Ity clay w
. ploslcty crumbly most

i ghly plastic moist.

th gray st eaks a d t o g avel f rm low

- L ght olrve-b own s Ity f ne sand wet, clayey near bottom

Lght olive-brown slty clay low pla tc ty wet soft

- Light olive— brown f e slty sand wet

- -

50- —————————————————————

•ENVIROGEN
NEW SOLUTIONS TO HAZARDOUS WASTE PROBLEMS

SS

SS

ss

ss

ss
ss

ss

ss

ss

ss

ss

ss

ss

ss
ss

ss

ss

ws

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

25/25

1/25

1/25

25/25

25/25

25/25

25/25

2/2

McGRAW-EDISON BOR|NG NUN.BER Q8
CENTERVILLE, IA B°R'NG NUMBER P~°8
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PLOT SCA1X,

PROJECT NUMBER 44061

DRILLING CO ERM/AQUADRILL

BORING METHOD GEOPROBE/DRILL RIG

SAMPLING METHOD LASKEY SAMPLER
NOTES

LOGGED BY Y CHANG

DATE DRILLED 5-13-98

FIELD SCREENING EQUIP NA

ANALYTICAL METHOD TCE

DWG NAME borings logs

DEPTH
(FT)

BORING
LOG DESCRIPTION AND COMMENTS

o- ———————————————

-

10-

«

20-

30-

40-

'//////.
^CL^//////,m
Y ft

9

%
Y/XV/s

SW

-

SAMPLES
HEAD

SPACE
(ppm)

RECOVERY

-

Dork g ay s Ity cloy mo st med m plost c ty t g b ow sh g oy cloy ot
~ ~8

_ Dark brow day hghly plast c ha d wth yell wsh-b ow st eoks

- Dark gray cloy h ghly plost c hard w th yellow sh-b ow st eoks

Dork g oy cloy st If h ghly plost c w th yellow sh— fa ow st eoks

— ~

- Yellowish— brow clayey so d wet med m plost c ty

—

Yellow sh— brow so dy clay wet.
Yellow sh— brow so d and g ovel well g oded wet

-

50- —————————————————————

•tENVIROGEN
NEW soumoNS TO mzAROOus WASTE PROBLEMS

McGRAW-EDISON
CENTERVILLE, IA

—

ss
ss
ss
ss

ss

ss

2/2

2/2

2/2

2/2

2/2

1/2

BORING NUMBER P-09



Table B 11 TCE concentrations of soil borings
McGraw Edison Site Centerville Iowa

Borehole ID

P01
P01
P01
P-01
P-01
P01
P01
P01
P01
P01
P01
P01
P01
P01
P01
P01
P01
P01
P02
P02

Sample Date

27 Ap 98
27 Apr 98
27 Apr 98
27 Apr 98
27 Apr 98
27 Apr 98
27 Ap 98
27 Apr 98
27 Ap 98
27 Ap 98
27 Ap 98
27 Apr 98
28 Ap 98
28-Apr 98
28 Ap 98
28-Apr 98
29 Ap 98
28 Ap 98
29 Ap 98
29 Ap 98

P02 | 29 Ap 98
P02
P02
P02
P02
P02
P02
P-02
P02
P02
P02
P02
P02
P-02
P02
P02
P02
P02
P03
P03
P03
P03
P 03
P03
P03
P03
P03
P03
P03
P03
P03
P-03
P-03
P-03
P04
P04
P04
P04
P04
P04
P-04
P-04~
P04
P04
P04
P-04
P04
P-04
P04

P04(2)
P04(2)
P 04 (2) _
P 04 (2)

P05
P05
P05
P05~

29-Apr 98
29 Ap 98
29 Ap 98
29 Ap 98
29-Ap 98
29 Ap 98
29 Apr 98
29 Ap 98
29 Apr 98
29 Ap 98
29-Apr 98
29 Ap 98
29 Apr 98
29-Ap 98
29 Ap 98
29 Apr 98
29 Ap 98
3-May 98
3-M y98
3-M y98
3M y98
3-M y 98
3-M y98
3M y98
3-May 98
3-May 98
3-May 98
3-May 98
3 M y 98
3-M y98
3 May 98
3-May 98
3 May 98
30-Ap 98
30-Apr 98
30-Apr 98
30-Apr 98
30-Ap 98
30-Ap 98
30-Apr 98 ~
30-Apr 98
30 Apr 98
30-Ap 98
1 May 98
1 May 98
1 May 98
1 May"9T
1 May 98
3-May 98
3-May 98
3-May 9fT~
3-May 98
30-Apr 98
30 Ap 98
30-Ap 98
30-Apr 98

Depth (fe t)

1 3
3-5
5-7
79
9 11
11 13
13 15
17 19
1921
21 23
2325
2527
2729
2931
31 33
33-35
3537
39-41

1 3
35
5-7
79
911
11 13
13 15
15-17
17 19
1921
21 23
23-25
25-27
2729
2931
31 33
3335
3537
3739
3941
0 2 5
2 5 5
5-75

7510
10 125
125-15
15 175
175-20
20-225
22525
25-275
275-30
30-325
325-35
35-375
375-40

1 3
35
5-7
79

9-11
11 13 _
13-15
15-17
17 19

^19-21
30-32

325-35
35-375
37 5-39
39-40

_ 20-22 5
225-25
25-275
275-30

1 3
3-5
5-7
79

L bTCE
( a/kg)

ns
ns

ns
d

ns
ns
ns
ns
s
s
s

ns
ns

d
n
ns
d

ns

n
n
s
s

ns
ns

ns

ns

s
ns
n

d
n
ns
n
ns
d

ns
ns
n
n

s

s

ns
ns
nd _

~s
ns
ns
ns

~ ns _
ns
ns
nd

s _
ns

~_ "1———
ns

"ns .__
ns
ns ___
ns
ns
ns
ns
ns
ns_
ns

Fi Id TCE
( g/kg)

2 2
nd
d

nd
d
d
d

nd
nd
nd

d
d
d

nd
d

nd
d
d
d
d
d
d

nd
d
d
d
d
d
d

nd
d
d
d

nd
d

nd
nd
d
d

nd
d

nd
d

nd
1 6
44

d
d

nd
d
d

nd
nd
nd

d
nd
d

_>. ni ~T
~^~ d" *~

nd
99

" nd
nd

_j ~k_ _
119
nd
nd

__nd 3
nd

_nd
"nd
"nd ' "

nd
nd
nd
nd
nd

Bor h 1 ID

P05
P05
P05
P05
P05
P05

P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)
P 05 (2)

P06
P06
P06
P06
P06
P06
P 06
P06
P06
P06
P06
P06
P06
P06
P06
P06
P07
P 07
P 07
P 07
P 07
P07
P07
P07
P07
P07
P07
P07
P07
P07
P 07
P07
P07
P08
P08
P08
P08
P08
P08
P08
P08
P08
P08
P08
P08
"P08
P08 ~

,_ P08
P08
P08

P 09 (SB SC2)
P 09 (SB-SC2)
P 09 (SB SC2)
P 09 (SB SC2)
P 09 (SB SC2)
P 09 (SB SC2)

Sampl D t

30-Apr 98
30-Apr 98
30-Ap 98
30-Apr 98
30-Ap 98
30 Ap 98
1 May 98
1 M y98
1 M y98
1 May 98
1 M y98
1 May 98
1 May 98
1 M y98
1 May 98
1 May 98
1 M y 98
1 May 98
1 M y 98
1 M y 98
2 May 98
2 May 98
2 May 98
2 M y98
2 M y98
2 May 98
2 M y 98
2 May 98
2 M y98
2 May 98
2 May 98
2 May 98
2 May 98
2M y 98
2 May 98
2M y98
2 May 98
2 M y 98
2 M y 98
2 May 98
2 M y 98
2M y98
2M y98
2_May 98
2 M y 98
2 May 98
2 May 98
2 May 98
2 May 98
2 May 98
2 M y 98
2 May 98
2 May 98
3-May 98
3-M y 98
3-May 98
3-M y98
3-May 98
3-M y98
3-M 798
3-May 98

"fMay 98
3-May 98
3-M y98
3-May 98
3-May 98
3-May 98
34tey98
3-May 98
3-May 98

13-M y98
13"Mi~y~98
1 3-May 98
13-May"98
13-M y98
1 3-May 98

D pth(feet)

9-11
11 13
13-15
1517
17 19
19-21
5-75

7510
10 125
125-15
15 175
175-20
20225
225-25
25275
275-30
30325
32535
35375
375-40

0-25
25-5
5 7 5

75-10
10-125
125-15
15 175
17520
20225
225-25
25-275
275-30
30325
325-35
35375
375-40

0-25
25-5
5 7 5

75-10
10 125
125-15
15-175
175-20
20225
225-25
25-275
275-30
30325
325-35
35-375
375-40
40-42
0-25
25-5
5-75

75-10
10-125
125-15
15-175
175-20
20-225
225-25
25-275

~27 5-30
_ ~30-32 5

325-35
35-375
375-40

_ 40-42
~~ 68

8-10
10-12

J2 14
18-20
28-30

L bTCE
(ug/kg)

d
ns

ns

ns
ns
d

ns
ns
ns
s
s

ns

ns

ns

d
n

ns

d

s

ns

ns
n

d

nd

ns

s

nd
ns

ns
s

ns
ns
ns

s
ns
ns
s

ns
nd
ns

_ ns _
ns
™LT
ns
ns
ns
ns

130
120
80
4
d
8

Field TCE
(ug/kg)

d
nd

d
nd
d
d
d

nd
d
d
d

1 5
4

268
88

836
523
81
33

d
d
d
d

32
77
nd
d
d
d
d

93
234
146
1 2
nd
d
d
d

1 3
98

d
nd

d
d
d
d

58
d
d
d
d
d
d

nd
644
484
1049
495
88

d
nd
nd
nd
64
1 8
nd
d
d

nd
nd
ns
ns
ns
ns

ns

d compo nd 1 d I cted
t mpled f I b lysis

(2) B ri g w re- rtia ed d mpl d
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Table B 1 2 Concentration of TCE (hydropunch) in groundwater from soil bonngs
McGraw-Edison Site Centerville Iowa

cr

Borehole
ID

P01
P02
P 03
P04

P 05 (2)
P06
P07
P08

Sample
Date

28 Apr 98
30 Apr 98
3 May 98
1 May 98
1 May 98
2 May 98
2 May 98
3 May 98

" S
Sample

Depth (ft)

39-41
32-41
4(M3
40-43
40-43
42-45
42-45
40-43

Lab TCE
(PPb)

ns
40
ns
ns
ns
20
ns
ns

Field TCE
(PPb)

nd
43
nd
nd
nd
1 0
1 3
nd

ns Not sampled
nd Constituent not detected in alalysis

MWRtable xls Table B 1 2



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(1 3)

4/27/98

CI0010
4/27/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

2 2

2 2
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I
I
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I
I
I
I
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COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(3 5)
4/27/98
CI0011
4/27/98

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(5 7)
4/27/98

CI0012
4/27/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(7 9)

4/27/98
CI0013

4/27/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

00



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(9 11)
4/27/98
CI0014

4/27/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

00
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(11 13)
4/27/98

CI0015
4/27/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(13 15)
4/27/98
CI0016

4/27/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0
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I
I
I
I
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I
I
I
I
I
I
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COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(17 19)

4/27/98

CI0019

4/27/98

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0
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I
I
I
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I
I
I
I
I
I
I
I
I
I
I
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COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photo vac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(19 21)

4/27/98
CI0020

4/27/98

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCS

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
i
i
i
i
i
i
i
i
i

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(21 23)
4/27/98

CI0021
4/27/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCS

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(23 25)
4/27/98
CI0022

4/27/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(25 27)

4/27/98
CI0023

4/27/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

RINSATEBLANK1
4/28/98
CI0030

4/28/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/D

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(27 29)

4/28/98

CI0031
4/28/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0
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1
1
1
1
1
1
1
1
1
1
1
I
1
I
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(29 31)

4/28/98

CI0032

4/28/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

cs
(M/Kg)

0 0

0 0
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1
1
1
1
1
1
1
i
i
i
i
i
i
i
i
i
i
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COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(31 33)

4/28/98

CI0033
4/28/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(33 35)

4/28/98

CI0034

4/28/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(us/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P 1(35 37)
4/29/98

CI0050
4/29/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1(39 41)

4/28/98

CI0035
4/28 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(1 3)

4/29/98

CI0057

4/29/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(no/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(3 5)
4/29/98
CI0058

4/29/98
C

Chemical
Name

Tnchloroethene (TCE)

!

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(5 7)

4/29/98

CI0059

4/29/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(7 9)
4/29/98

CI0060
4/29/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(9 11)

4/29/98

CI0061

4/29/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(11 13)
4/29/98
CI0062

4/29/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(13 15)

4/29/98

CI0063

4/29 /98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(us/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(15 17)
4/29/98

CI0065

4/29/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ug/Kg)

00

0 0
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1
1
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1
1
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1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(19 21)

4/29/98
CI0067

4/29 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(15 17)

4/29/98

CI0065

4/29/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(Hg/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(21 23)
4/29/98
CI0068

4/29/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(^g/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(23 25)
4/29/98
CI0069

4/29 /98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(HQ/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(25 27)
4/29/98
CI0070

4/29/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ug/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(27 29)
4/29/98

CI0071

4/29 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(29 31)
4/29/98

CI0072
4/29 /98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0
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1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(31 33)

4/29/98

CI0073

4/29/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(33 35)

4/29/98

CI0074

4/29/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
I
1
1
1
1
1
I
1
1
I
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(37 39)

4/29/98

CI0076

4/29/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2(39 41)

4 /29/98

CI0077

4/29/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(0 2 5)
5/3/98
CI0030
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(2 5 5)
5/3/98

CI0031

5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(tig/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(5 7 5)

5/3/98

CI0033

5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

00



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(2 5 5)
5/3/98
CI0031
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(7 5 10)
5/3/98
CI0032
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(10 12 5)
5/3/98

CI0034
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(12 5 15)
5/3/98
CI0035
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(17 5 20)

5/3/98
CI0037
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(Jig/kg)

4 4

4 4



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(20 22 5)

5/3/98
CI0038
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(22 5 25)
5/3/98
CI0039

5/3/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(jig/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(25 27 5)
5/3/98
CI0042
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(27 5 30)

5/3/98
CI0043
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M-g/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(30 32 5)

5/3/98

CI0044

5/3/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCS

Field GC
Concentration

\ £s
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(32 5 35)

5/3/98

CI0045
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(35 37 5)

5/3/98

CI0046
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(tig/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3(37 5 40)
5/3/98
CI0047
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(1 3)

4/30/98

CI0022

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(3 5)

4/30/98
CI0023

4/30/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(5 7)

4 /30/98
CI0024

4/30/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M-g/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(7 9)

4/30/98
CI0025

4/30/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(tig/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(9 11)
4/30/98

CI0034

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(11 13)

4/30/98

CI0035

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(13 15)

4/30/98

CI0031

4/30/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

\ Cs
(ng/kg)

9 9

9 9



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(13 15)
4/30/98
CI0031

4/30/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

9 9

9 9



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(15 17)
4/30/98

CI0030

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(17 19)

4/30/98

CI0032

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(n.g/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(19 21)

4/30/98

CI0033

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(30 32)
5/1/98
CI0008

5/1/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(us/Kg)

11 9

11 9



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(32 5 35)

5/1/98
CI0011
5 /1 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(^/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(35 37 5)
5/1/98

,_ CI0012

5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(fig/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(37 5 39)

5/1/98

CI0013

5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(39 40)
5/1/98
CI0014
5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(1 3)

4 /30/98
CI0011

4/30/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(3 5)

4/30/98

CI0012

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(5 7)
4/30/98

CI0013

4/30/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
tug/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
I
1
1
I
1
1
1
i

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(7 9)

4/30/98

CI0014

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(9 11)

4/30/98

CI0015

4/30/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(H9/Kg)

0 0

0 0



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(11 13)

4/30/98
CI0016

4/30/98

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(13 15)

4/30/98

CI0017
4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
I
1
1
1
I
1
I
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(15 17)
4/30/98
CI0018

4/30/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(jig/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(17 19)

4/30/98

CI0019

4/30/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(19 21)
4/30/98
CI0020

4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)5 7 5

5/1/98

CI0026

5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M-g/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)7 5 10
5/1/98
CI0025
5/1/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)10 12 5
5/1 /98
CI0027
5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)12 5 15
5/1/98
CI0028
5/1/98

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)15 17 5
5/1/98
CI0029
5/1/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

00



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)17 5 20

5/1/98

CI0030
5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

1 5

1 5



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)20 22 5

5/1/98

CI0031

5/1/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/kg)

4 0

4 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)22 5 25

5/1/98
CI0032
5/1/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(us/kg)

26 8

26 8



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)25 27 5
5/1/98
CI0033
5/1/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(us/kg)

88 0

88 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)27 5 30
5/1/98
CI0034
5/1/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

83 6

836



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)30 32 5
5 /1 /98
CI0035
5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

52 3

52 3



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/P1D

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)32 5 35
5/1/98

CI0036
5/1 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(fig/kg)

8 1

8 1



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)35 37 5

5/1/98

CI0037
5/1 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(us/kg)

3 3

3 3



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)37 5 40
5/1/98

CI0038
5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)32 5 35

5/1/98
CI0036
5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

8 1

8 1



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(0 2 5)

5 /2 /98

CI0007
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(fig/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(2 5 5)
5/2/98
CI0008
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
i

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(5 7 5)

5/2/98

CI0009
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(fig/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(7 5 10)

5/2 /98
CI0010

5/2/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

3 2

3 2



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(10 12 5)

5/2/98
CI0011
5/2/98

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

7 7

7 7



1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
I
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(15 17 5)
5/2/98

CI0013
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(17 5 20)
5/2/98
CI0014
5/2 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(US/Kg)

00

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photo vac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(20 22 5)

5 /2 /98

CI0015

5/2 /98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(22 5 25)
5/2/98
CI0016
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ug/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(25 27 5)

5/2/98

CI0017

5/2/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

9 3

9 3



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(27 5 30)
5/2/98

CI0018

5/2/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

234

23 4



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(30 32 5)

5 /2 /98

CI0019

5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

14 6

14 6



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(32 5 35)

5/2 /98
CI0020
5/2 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

1 2

1 2



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(35 37 5)

5/2/98

CI0021
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6(37 5 40)
5/2/98
CI0022
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(0 2 5)

5/2/98
CI0029
5/2 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(2 5 5)

5/2/98

CI0030

5/2/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(5 7 5)

5/2/98

CI0031

5/2 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

cs
(M-g/kg)

1 3

1 3



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(7 5 10)
5 /2 /98

CI0032
5 /2 /98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

9 8

98



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(10 12 5)

5/2/98

CI0033
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(^g/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(12 5 15)
5/2 /98
CI0034

5/2/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

00



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(15 17 5)

5/2/98

CI0035

5/2 /98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(us/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(17 5 20)
5/2/98

CI0036

5/2 /98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(20 22 5)
5/2/98
CI0037
5/2/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(tig/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(22 5 25)
5/2/98
CI0038
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(25 27 5)
5 /2 /98
CI0039
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

5 8

5 8



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(27 5 30)
5/2/98

CI0040
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(^g/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(30 32 5)

5/2/98
CI0041

5/2/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(us/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(32 5 35)
5/2/98

CI0042
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7(40 42)
5/2/98

CI0044

5/2/98
C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(fig/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(0 2 5)

5/3/98
CI0007

5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(5 7 5)

5/3/98

CI0009

5/3/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

48 4

48 4



COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(7 5 10)
5/3/98
CI0010
5/3/98

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

104 9

104 9



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(10 12 5)

5/3/98
CI0011

5/3/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

\ Cs
(ng/Kg)

49 5

495



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(12 5 15)

5/3/98

CI0012

5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(fig/Kg)

8 8

8 8



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(15 17 5)
5/3/98

CI0013
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(17 5 20)
5/3/98

CI0014

5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(20 22 5)

5/3/98

CI0015

5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(22 5 25)

5/3/98

CI0016

5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(iig/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(25 27 5)

5/3/98

CI0017

5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ug/Kg)

6 4

6 4



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(27 5 30)
5/3/98
CI0018
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(US/Kg)

1 8

1 8



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(30 32 5)

5/3/98

CI0019
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

C*
(US/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(32 5 35)

5/3/98

CI0020
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(35 37 5)

5/3/98
CI0021
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(37 5 40)
5/3/98

CI0022

5/3 /98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(M/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8(40 42)
5/3 /98
CI0023
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/Kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(2)20 22 5
5/3/98
CI0049

5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(2)22 5 25

5/3/98

CI0050
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(tig/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(2)25 27 5

5/3/98
CI0051

5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(R9/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4(2)27 5 30

5/3/98

CI0052
5/3/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(^g/kg)

00

0 0
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COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/P1D

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

RINSATEBLANK1
4/28/98
CI0030

4/28/98

Chemical
Name

Tnchloroethene (TCE)

££*Li; '5**fcv^ - >~ \ ** * *n ;;̂ '« ' % &* *
TOTAL VOCS

Field GC
Concentration

(M^/D

0 0

fs*?v*&.^;~:&&
0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P1 WATER
4/28/98
CI0037

4/28/98
C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ug/i)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P2 WATER
4/30/98

CI0036
4/30/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/n

4 3

4 3



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P3WATER
5/3/98
CI0048
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/D

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P4 WATER
5/1/98
CI0015
5/1/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/D

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P5(2)WATER
5/1/98
CI0039
5/1/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

C$
(ng/kg)

0 0

0 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P6 WATER
5/2/98

CI0023
5/2/98

C

Chemical
Name

Tnchloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/0

1 0

1 0



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P7WATER
5/2/98
CI0045
5/2/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/D

1 3

1 3



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

COOPER IOWA
Field Analysis Report Form

Target Compounds
by Photovac GC/PID

Sample Identification
Sampling Date
Analysis Code
Analysis Date
Instrument Code/Initials

P8 WATER
5/3/98
CI0028
5/3/98

C

Chemical
Name

Trichloroethene (TCE)

TOTAL VOCs

Field GC
Concentration

Cs
(ng/i)

0 0

0 0



Table B 2 1 Well details for existing monitoring wells
McGraw Edison Site Centerville Iowa

_s <

flWeihD

MW1
^MW2? *

MW3
•WW3A., ?

MW-4
1 5MW5

MW6
-%MW7 *

MW7A
S^-MW8

MW8A
i MW 9jM (T
MW19WT
MW20WT

MW21
MW22WT
MW23WT

ALLEN WELL
WT11
WT12
WT13

i WT14
WT16

* WT18
EW1

*BD11 s

BD12
% BD13

BD14
,~ BD16 ,

BD 18
BR10 i

Top of casing
t
l* elevation *
(ft above MSL)

4 1 ?S

102285
102025!
102323
101988
102045

<• 1018 34
1021 46

h 102054s-
102024

j- 1020>52 *
1021 23
102026
101591
102009
1022 21
1015 00 "*
101364

Ground surface
elevation

(ft above MSL)
A t

1020 35
^ 102050

1020 70
1 1020 63

101814
10,1584*
101852
102076 r

102064
= 101816

101827
102042
101369

t 1017 67 „,
1020 13
101520
101391

Not surveyed
102027
1023 13
101576
1019^46
101925
1021 62
101944
1021 19
102283

j 101458
101949
101966
1021 28

, 1021 39

101764
102049
101324
1020 56
101719
1019 16;
101944
101760
102049
101247
102075
101758
101930
102009

Depth to
bottom of well

(ft below
casing) •
4000
13 00 ~r
7000

j 3500
4250

Jr 3990 ^
4900
6900
3550

f 4090 f.
3400

»3270
3450
3950
7200
3500
3800
4500
4400
4700
4700
4210
4250

s 4250
4750

-113 OOJ
8766
8300 ,
7000
10800
8300
13600

Screen
elevation

(ft above MSL)
JS

980 35 995 35
10105010155
950 70 960 70
985 63 995 63
975 64 985 64

s 975 76 985 64
972 52 982 52
951 54 976 54*
984 74 992 74
978 26 982 26
984 27 993 27
987 83 988 66
984 19 979 19
988 17 978 17*
958 13 948 13
985 2 980 2

980 91 975 91
not installed

973 64 983 64
973 49 983*49
966 24 976 24
975 26 985 26
976 69 985 09
976 66 987 06
978 44 973 44
9038091380
932 83 942 83
929 47 939 87
947 55 957 55
909 58 919 58

936 3 946 3
not installed

Formation
i

Intermediate sand
Till unit #3 (perched water)

Channel sand
Intermediate sand
Intermediate sand

H 'Intermediate sand
Intermediate sand

Intermediate and channel sand
Upper sand

t Intermediate sand
Upper sand
Till unit #3

Intermediate sand
: Intermediate sand

Channel sand
I Intermediate sand

Intermediate sand
Till unit #2

Intermediate sand
Till unit #1 •*

Intermediate sand
Intermediate sand
Intermediate sand
Intermediate sand
Intermediate sand
Base of till unit #1

Intermediate sand and till #3
Till unit #1

Channel sand
Till unit #1

Till #1 and some lower sand
Bedrock

From Installation records measured by Woodward Clyde Consultants in the documents titled Groundwaler Operable Unit Feasibility Study
(April 23 1993)and Supplemental RI/FS Investigation Report (Apnl 1994)

MWRtable xls Table B 2 1



Table B 22 Water level data recorded on May 3 1998
McGraw Edison Site Centerville Iowa

Well ID

MW1
MW2
MW3

MW3A
MW-4
MW5
MW6

Top of casing
elevation

(ft above MSL)

102285
102025
102323
101988
102045
101834
1021 46

MW7 102054
MW7A 102024
MW8

MW8A
MW9

MW19WT
MW20WT

MW21
MW22WT
MW23WT

ALLEN WELL
WT11
WT12
WT13
WT14
WT16
WT18
EW1
BD 11
BD 12

- BD13
BD 14

- BD16 %
BD 18
BR10

-~ 102052
1021 23

-- 102026
101591
102009
102221

*- 1015 00
101364

Ground surface
elevation

(ft above MSL)

102035
102050
102070
102063
1018 14
101584
101852
102076 J
102064
101816
101827
102042
101369
101767
102013
101520
101391

; Not surveyed
102027

\̂ _ 1023 13
101576

J01946v
101925
1021 62
101944

_ 1021 19
102283

" '101458,
101949
101966
102128
1021 39 f

101764
102049 -

Depth to
- groundwater
(ft below top of

casing)
2955
140

3390
3157
3200
2895
3240
3J40
31 17
3133
2900
31 70
2075
3035
3300
2712
2617

- 31 47 J
3140

^ „ 33 78
101324 ! 2618

r 1 020 56j-
101719
1019-16
101944

- 101760
102049
101247 -
1020 75

„ t101758" "
101930
102009

- _~ 29 88
3022
31 12
3166

- 7000
4990

- ^ -409Q, .
2993

t " *69 00 -
4088

y* t 60 83

Water elevation
(ft above MSL)

99330
101885
98933
98831 -
98845
98939
98906
98914
98907
98919
99223
98856
99516
98974
98921
98788
98747

98887
98935
98958
98958
98903
990 50'
98778
951 19
97293
97368
98956
95066
98040
96056

MWRtable xls Table B 2 2
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Table B 23 Calculated purge volume and amount of water purged
from existing monitoring well

McGraw Edison Site Centerville Iowa

Well ID

MW1
MW2

Date Sampled

7 May 98
14 May 98

MW3 13 May 98
MW3A
MW-4
MW5
MW-6
MW7

MW7A
MW8

MW8A
"°MW9~
MW19WT
MW20WT

MW21
MW22WT
MW23WT

^ALLEN WELL
WT11

~ WT12,
WT13
WT14
WT 16

" MWT 18
EW1

1 BD 11
BD 12

-„ BD13
BD 14

"BD16
BD18

~ BR 10

13 May 98
6 May 98
12 May 98
6 May 98
13 May^98
13 May 98
12 May 98
13 May 98

Three
volumes
(gallons)

33
2525

84
575
31

2775
34

8675
1325

-275
15

Amount of
water purged

(gallons)
33
12
83
6
31

L 10

34
50 -
25
7
9

Well not sampled due to dead animal
8 May 98

?7 May 98
5 May 98
G^May 98
12 May 98
13 May 98
5-May 98
5-May 98
12 May 98
7-May 98
12 May 98

'13 May 98
12 May 98
6 May 98y

5 May 98
12 May 98
7 May 98
12 May 98
13 May 98
8 May 98_

7 25 | 75
5

165
65
625

5
165
65
625

Grab sample only
65
65
11 5

r 7»5
725
~7
3775
245
21

237"
21 5
22

2225
^-224

65
65 H

12
•B.75

25
~ " 7 ^

15
245 f

21
, 25 I

21 5
13
10
47

MWRtable xls Table B 2 3
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Woodward-Clyde Memorandum

To McGraw Edison File From Tony Misercola

Office Detroit

Date July 31 1998

Subject Data Validation and Quality Assurance Summary
Soil 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 iron 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 U S 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

• 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 is that the

D \WCC\DETFILES\DET23513\31 JUL 98
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Woodward-Clyde
McGraw Edison File
October 20 1998
Page 2

TCE results for the subject samples may be biased low The affected samples included SB
SC2 8 10 SB SC2 10 12 SB SC2 12 14 and SB SC2 18 20

• Sample MW 7 A was analyzed as a matrix spike/matrix spike duplicate (MS/MSD)
sample No other groundwater samples and no soil 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 12 5 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
initial analysis indicated a potential high bias the initial sample TCE analysis result is
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 31 fag/1 and MW 7DUP ljig/1) 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



I
I Woodward-Clyde

McGraw Edison File
I October 20 1998
" Page 3

I

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 in the south culvert area

Mr Hosam Hassamen audited water level measurements the soil boring and sampling

I completed for IRPB wall soil sampling (for Colder) and groundwater monitoring well
purging and sampling

I

I

I

I

I

I

I

I

I

I

I

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

D \WCC\DETFILES\DET23513\31 JUL 98
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Table B 1
QUALITY ASSURANCE/QUALITY CONTROL

FIELD SUMMARY
MAY 1998

McGra\\ Edison Site
Centerville, Iowa

ID # Sample Date Description Data Package

MW 7
MW 23WT
EW 1
BR 10

MW7A
MW7A

MW24
MW30
MW31
MW32
MW 33
MW34

Rmsate 2
Rmsate 3
Rmsate 4
Rmsate 5
Rmsate 6

P 2

P 6

5/13/98
5/6/98
5/12/98
5/8/98

5/13/98
5/13/98

5/26/98
5/6/98
5/6/98
5/7/98
5/8/98
5/13/98

4/29/98
4/30/98
5/1/98
5/2/98
5/2/98

4/30/98

5/2/98

GW Duplicate
GW Duplicate
GW Duplicate
GW Duplicate

GW Matrix Spike
GW MS Duplicate

GW Field Blank
GW Field Blank
GW Field Blank
GW Field Blank
GW Field Blank
GW Field Blank

Soil Field Blank
Soil Field Blank
Soil Field Blank
Soil Field Blank
Soil Field Blank

GW Duplicate of
Field GC Analysis
GW Duplicate of
Field GC Analysis

CC
AA
CC
DD

CC
CC

BB
AA
AA
DD
DD
CC

FF
FF
EE
EE
EE

EE

EE

Notes/Legend
GW = Groundwater
QC duplicates for soil 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
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Table B 1 1 QA/QC
TCE Concentrations of Soil Samples

McGraw Edison Site Centerville Iowa

Bo eh le ID Sample D te i Depth (feet) feab TCE * Lab TCE . j Fild TCE
V >Jvy*" t

(ugfkg) I (ug/kg)
P01 27 Ap 98 13

P02
P02"
P02

^PJ>2_____ _
_P_02 '_29-Apr98~^-°2zr~' "~~~"
"~P 02 " i "29 Ap~ 9"S i"
_PjT7*jJl29-APrJ8;5J_ ..̂
~P_02~" ~~ 29 Ap 98 I 37 39

^P-02"
P03

^P-OS"
3-M y 98 I

jpo3~ '"̂ MayJiiLJ "jyilp;°3ii ZIJ&LMay S? 'ZL_ _ __
Pj>3 i 3-May 98 ~[ 10-125

"P-OS.^jr 3;!<p-gtf ______
P03* I J~M*ay98 15-175:p03
P03 | 3-May 98 i 20-225 IP03 | 3-May 98 i 20-225 I s j d

, p r̂!3!ZB«?53§ffll̂ 5 f̂iii;ffir̂ gteEGS
P 0 3 i 3-May 9 8 25-27 5 s i dlaK^za '̂nasw?_, __ . __„„_ __,———_„, ——™M^™ wuwLT^urouwÎ ^^UA/n l̂tt « ,̂̂ £.l -S^Wjil̂  ^b'wK

P 03 | 3-May 98 j 30-32 5 I ns | nd

P-03 | 3-May 98 | 35-375 ns I dz
P 04 j 30-Apr 98 1 3 | ns j nd

.̂P:Q4'Sllr.303°£i3jS
P-04 i 30 Apr 98 ! 5-7 I "•= H

I

__ _ 30 Apr 98 '

i£S*SSl̂ ^̂ l̂..........___
P04 | 30-Apr 98 | 911 , ..o ,

P04 | 30-Ap 98 -1" "

P04

30-Apr 98P04 30-Apr 98 1719 nd | no

P 04 1 Mav 98 30-32 s 1191 May 98
ISSjfygfJ

1 May 98r u*t i iviay oo •j^ftii <j ii9 MU

P 04 | 1 May 98

_P 04 (2) | 3-May 98_

' "P"04(2) | :fMay~98~• "
P 05

-.
P05

30-Apr 98

13-15P04 I 3 0 - A p 9 8 ! 13-15 n | 99

P04 30-Apr 98 1719 nd I nd

39-40

225-25\&f .j-may ow ^£ •j-f.-j 110 u |

(2) I 3-May 98 275-30 ns I nd
eS
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Table B 2 2 QA/QC
Summary of May 1998 Groundwater TCE Analyses

McGraw Edison Site
Centerville Iowa

Well ID

MW1
MW2
MW3
MW3A
MW-4
MW5
MW6
MW7
MW7A
MW8
MW8A
MW9
MW19WT
MW20WT
MW21
MW22WT
MW23WT
ALLEN WELL
WT 11
WT 12
WT13
WT 14
WT16
WT18
EW1
BD 11
BD 12
BD 13
BD 14
BD 16
BD 18
BR 10

1998 TCE
(M9/L)

nd
1 100 000 J

nd
6 400J 7 OOOdupJ

nd
nd

92J
31J 1dupJ

2J
U
7J

70J
20J
nd
nd
nd

51 J
nd
nd
nd

08J
nd

45J
14J 12dupJ

nd
nd
nd
nd
nd
4J
nd

NOTES
* Grab Sample
dup Duplicate Sample
nd Constituent not detected during analysis of sample

Not Obtained
MOmtoring well MW 9 was not analyzed in May 1998 because a dead animal was stuck in the well

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

October 19 1998 Woodward Clyde A \QAQCT1 xls



PROJECT MCGRAW EDISON SUE RECORD OF BOREHOLE GB 1 SHEET 1 OF 2 /^-j\
PROJECT LOCATION CENTERVILLE IOWA BORING DATE 5/4/98 DATUM ( [c~ }

PROJECT NUMBER 9861083 BORING LOCATION N/A COORDINATES ^̂ ;x

GROUND ELEVATION NA TOC ELEVATION NA

DE
PT

H
 S

C
AL

E
FE

ET

- 0

• 5

- 10

• 15

- 20

- 25

- 30

- 35

- 40

BO
R

IN
G

 M
ET

HO
D

4 
25

 ID
 H

O
LL

O
W

 S
TE

M
 A

U
G

ER

SOIL PROFILE

DESCRIPTION

0-0 5ft. Grass Topsoil Road Aggregate

0 5 to 18 0 ft
Moist f rm to very
stiff mottled med
gray-dark brown
yellow-orange
SILTY CLAY trace
fine/med sand

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

20 0 to 25 0 ft Slightly moist firm stiff
mottled dark yellow-orange light med gray
gray SILTY CLAY trace little firm sand

25 0 to 28 5 ft nterbedded stff very
stiff moist yellow-orange SILTY CLAY
and med gray SILTY CLAY trace sand

28 5 to 32 0 ft moist wet med gray
to dark yellow-orange fine-coarse
SAND little to some clayey s It,
trace of gravel

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

8
§

CL ;

CL I

CL

CL '

SM

CL ;

G
R

A
P

H
IC

 L
O

G

ELEV

DEPTH

050

1800

2000

2500

2850

3200

4000

SAMPLES

N
U

M
BE

R

1

2

3

4

5

6

7

8

LiJ

£

DO

DO

DO

DO

DO

DO

DO

DO

BLOWS /
6

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

R
E

C
/A

TT

451
45

5/5

5/5

5/5

5/5

4/5

32/5

47/5

NOTES/WELL SKETCH

Boring location 12 east of MW 3A
note soil sampling conducted
w/ 5 long continuous Laske
Samplers and acetate tubes
Bo ehole abandoned w/ Be seal
bentonite slurry Slurry was tremie
pumped through auger flights

DRILL RIG CME75 LOGGED JGC
DRILLING CONTRACTOR AQUADRILL CHECKED JGC

DRILLER M k Claasse GoldCf ASSOCiatCS DATE 6/25/98



PROJECT MCGRAW EDISON SITE RECORD OF BOREHOLE GB 1 a SHEET 1 OF 1 x^TX
PROJECT LOCATION CENTERVILLE IOWA BORING DATE 5/5/98 DATUM f /^_/Z_J j

PROJECT NUMBER 986-1083 BORING LOCATION N/A COORDINATES X^<X

GROUND ELEVATION NA TOC ELEVATION NA

D
EP

TH
 S

C
A

LE
FE

ET

• 0

- 5

- 10

• 15

• 20

- 25

• 30

• 35

- 40

BO
R

IN
G

 M
ET

H
O

D
•E

M
 A

U
G

ER

CO
a

ID
 H

O
LL

O
\

incu

SOIL PROFILE

DESCRIPTION

0-30 bgs
for soil description
see soil boring log GB-1

30 0-30 3 ft mo st very stiff hard med
gray/yellow-orange SILTY CLAY trace med
to fine sand
30 3 31 3 ft wet dark yellow-orange coarse
to f ne SAND little to some clayey s It.
trace gravel
31 3-32 5 ft moist VERY STIFF HARD
mottled med gray/yellow-orange SILTY
CLAY trace med to fine sand trace gravel
32 5 35 0 ft no recovery
Bonng terminated @35 0 bgs

8

CL
SM

CL

G
R

AP
H

IC
 L

O
G

AA£

' /'*

'r 'f '

ELEV

DEPTH

3000

3500

SAMPLES

N
U

M
BE

R

1

L1J

DO

BLOWS/
6

N/A

N

N/A

R
EC

/A
TT

25/5

NOTES/WELL SKETCH

Bonng location 7 east of
GB-1 19 eastofMWSA.
Note This bonng was designed to retrieve
a sample from the upper sand located n
-29-35 bgs Sampling started at 30 bgs
Borehole abandoned w/ Benseal bentonite
si rry Slurry was tremied after removing
auger flights

-

-

-

-

DRILL RIG CME75 LOGGED JGC
DRILLING CONTRACTOR AQUADRILL CHECKED JGC

DRILLER Mark Claas GoldSF ASSOCI3t6S DATE 6/25/98



PROJECT McGRAW EDISON SITE RECORD OF BOREHOLE GB 1 SHEET 2 OF 2 /^~T\

PROJECT LOCATION CENTERVILLE IOWA BORING DATE 5/4/98 DATUM ff^JLJ^

PROJECT NUMBER 986-1083 BORING LOCATION N/A COORDINATES ^^^

GROUND ELEVATION NA TOC ELEVATION NA

DE
PT

H
 S

C
AL

E
FE

ET

• 40

- 45

- 50

- 55

- 60

- 65

- 70

- 75

- 80

BO
R

IN
G

 M
ET

H
O

D
4 

25
 ID

 H
O

LL
O

W
 S

TE
M

 A
U

G
ER

SOIL PROFILE

DESCRIPTION

40 0 to 41 Oft wet yellow-orange
med to fine SAND and SILTY CLAY
41 0 to 55 0 ft wet dark yellow orange
well sorted fine SAND trace to
little clayey silt.

55 0 to 56 Oft moist f rm dark med-gray
CLAYEY SILT and very fine SAND
56 0 to 68 5 ft
wet dark yellow-orange
well sorted f ne SAND
trace to little clayey s IL

68 5 to 70 Oft
moist hard med-brown
SILTY CLAY, trace fine sand
70 0 to 72 5ft
wet yellow-orange coarse to
fine SAND trace clayey Silt

725 bgs Auger Refusal
Limestone Fragments

COo
en
D

SC/CL

SM

JM/ML

SM

CL

SM

G
R

A
P

H
IC

 L
O

G

$

/ '

1

ELEV

DEPTH

4000

41 00

5500

5600

6850

7000

7250

SAMPLES

N
U

M
B

E
R

9

10

11

12

13

14

15

UJ
§:t-

DO

DO

DO

DO

DO

DO

DO

BLOWS /
6

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N

N/A

N/A

N/A

N/A

N/A

N/A

N/A

R
E

C
/A

TT

32/5

3/5

2/5

1/5

0/5

1 5/5

25/
Z5

NOTES/WELL SKETCH

•

DRILL RIG CME75 LOGGED JGC
DRILLING CONTRACTOR AOUADR1LL CHECKED JGC
DRILLER Mark Claasse Golder ASSOCISteS DATE 6/25/98



JUNE 1998
GSL / 986 1083 ENVIROGEN / IA

SUMMARY OF SOIL DATA

IC3 3808 102

Sample
Identification

Boring
Number

GB 1

GB 1

GB 1

GB 1

GB 1

GB 1

GB 1

IRON

Sample
Number

SA 8

SA 9

SA 10

SA 11

SA 14

SA 15

COL-253

161

Sample
Type

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Sample
Depth

350 397

410 43.2

450 480

550 560

68.5 700

700 72 S

285 319

SoQ
Classi
ficabon

CL

SP

SPSM

ML

CL

SPSM

SPSM

SP

Natural
Moisture

%

191

298

158

Atterberg
Limits

L L

330

NP

360

P L

150

NP

150

PI

180

NP

210

L I

023

NP

006

Gram Size
Distribution

% Finer
No 4
Sieve

1000

1000

1000

1000

994

999

1000

1000

% Finer
No 200

Sieve

671

2 5

57

836

679

72

11 0

13

% Finer
005
mm

335

130

380

Compaction
Maximum
ry Densit
(Ib/cuft)

Optimum

Moisture
% Gs

271

266

272

269

272

269

271

695

Unit Weight
Moisture

%
Dry

flb/cuft)

Permeability
(cm/sec)

Additional
Tests

Conducted
(See Notes)

R

R

R L

ABBREVIATIONS LIQUID LIMIT (LL)
PLASTIC LIMIT (PL)
PLASTICITY INDEX (PI)
LIQUIDITY INDEX (LI)
SPECIFIC GRAVITY (Gs)
MOISTURF (Me)

NOTES T = 1RIAXIAL TEST
U = UNCONFINED COMPRESSION TEST
C = CONSOLIDATION TEST
DS = DIRECT SHEAR TEST
O = ORGANIC CONTENT
P = pll
R = RESISTIVITY
L = LEAK OFF

Colder Construction Services Inc



PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

12 32 I 75 .375 #4 *8 #16 #30 #50 #100 #200

90 . -j

Qrt . . .

70 • -

nP 60 -
A
S

50 • • •
I
N
G 40- -

30 - -

20 - -

10 - • -

-*.^A

V-\
\\v

v
1

0 - - —————————— i ———————————— i ———————————— . ———————————— i ———————————— i ——————————
1000 10° 10 Grain size rn millimeters 01 ° 01

Boulden Cobbles

SAMPLE II
SAMPLE TYPI

SAMPLE DEPTH

DESCRIPTION

USCJ

GSL/986-1083 ENVII
IC3-3808

Coarse | Fine
Gravel

Cor | Med | Fine
SAND

> GB 1 COL 253
: Bag
[ 285 319

I Yellow MEDIUM TO FINE SAND litUe clayey silt
(DESORPTION TEST SAMPLE)

» SP-SM |
Cu = D60/D10 = 0 38/0 07 = 5 43 <
Cc = D30 2/0D60 D10) = 0 19 21(0 .38 0 07)

tOGEN /IA

0001

SILT OR CLAY
FINES

LL
PL
PI

6
= 136 > 1

TECH
DATE

CHECK
REVIEW

LB
6/23/98

£nj(^_
(Tr^-

Golder Construction Services Inc



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

PROJECT TITLE
PROJECT NO
REMARKS

GSL/986 1083 ENVIROGEN II A
IC3 3808

WATER CONTENT (Delivered Moisture)
Wt Wet Soil & Tare (gm) (wl )
Wt Dry Soil & Tare (gm) (w2)
Weight of Tare (gm) (w3)
Weight of Water (gm) (w4 = wl w2)
Weight of Dry Soil (gm) (w5 = w2 w3)
Moisture Content (7)

SIEVE ANALYSIS
Tare Weight

000

7 COBBLES
% C GRAVEL
% F GRAVEL
7 CSAND
7 MSAND
%FSAND
% FINES
7 TOTAL

DBS

(w4/w5)*100

120
30
25
20
15
1 0

075
050
0375

#4
#8

#16
#30
#50

#100
#200
PAN
000
000
000
146

3159
5598
1097
10000

CRIPTION

uses

Hygroscopic

Total Weight

Cumulative
Wt Ret (Wt Tare) (^Retained)
+Tare {(wtrei/w6) 100

000
4 11

1298
6483
21850
34387
38057

000
411
1298
6483
21850
34387
38057

000
096
304

1517
51 12
8045
8903

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH
Moisture For Sieve Sample

GB 1 C01
Bag

28.5 319

Wet Soil & Tare (gm)
Dry Soil & Tare (gm)
Tare Weight (gm)
Moisture Content (7)

,-253

Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight Of Sample (gm) 541
Tare Weight (gm) 114

(W6) Total Dry Weight (gm) 427

7 PASS
(100-fret)

10000
9904
9696
8483
4888
1955
1097

SIEVE

120
3 0
25
2 0
15
1 0

075
050

0375
#4
#8

#16
#30
#50

#100
#200
PAN

cobbles
coarse gravel
coarse gravel
coarse gravel
coarse gravel
coarse gravel
fine gravel
fine gravel
fine gravel
coarse sand
coarse sand
medium sand
medium sand
fine sand
fine sand
fines

58
13
45

Descriptive Terms > 10% mostly coarse (c)
trace 0 to 57 > 10% mostly medium (m)
little 5 to 12% < 10% fine (c-m)
some 12 to 30f < 10% coarse (m f)
and 30 to 50% < 10% coarse and fine (m)

< 10% coarse and medium (f)
> 10% equal amounts each (c-f)

Yellow MEDIUM TO FINE SAND little clayey silt
(DESORPTION TEST SAMPLE)

SP-SM

LL
PL
PI
Gs 27

TECH
DATE 6

CHECK C
REVIEW ^

06

LB
/23/9S
\J^~

Golder Construction Services Inc



SPECIFIC GRAVITY OF SOILS
ASTM D 854

PYCNOMETER METHOD
PROJECT TITLE
PROJECT NUMBER

TESTED FOR

GSL / 986-1083 ENVIROGEN / IA
IC3 3808

SPECIFIC GRAVITY

HYGROSCOPIC MOISTURE OF MATERIAL PASSING TH
Weight Soil and Tare Inital (gm) (Wl)
Weight Soil and Tare Final (gm) (W2)
Weight Of Tare (gm) (W3)
Weight Of Moisture (gm) (W4 = Wl W2)
Weight Of Dry Soil (gm) (W5=W2W3)
Hygroscopic Moisture In (7) (HM=(W4/W5) 100)

Trial
Pycnometer Number
Weight Pycnometer Empty (gm) (Mf)
Weight of Sod & Pycnometer (gm)
Weight of Soil Water & Pycnometer (gm) (Mb)
Observed Temperature (Tb) for (Mb) In Degrees C

Observed Temperature (Ta) for (Ma) In Degrees C
Weight of Pycnometer & Water (gm) (Ma @ Ta)
Relative Density of Water @ (Ta)
Relative Density of Water @ (Tx)
Correction Factor due to Temperature @Tx (K)
Weight of Soil (gm)
Weight of Dry Soil (gm) (Mo)
Weight of Pycnometer & Water (gm) (Ma)

SPECIFIC GRAVITY
G @ 20 degrees C = [Mo/(Mo+ ((Ma Mb))]*(K)

Correction Values
Due To Temperature

E #4 SIEVE

1763
1762
323
001

1439
01%

SAMPLED)
SAMPLE TYPE

SAMPLE DEPTH

AI

1 2 3
10

20908
26273
74099
240

2300
70730

099757
099732
09991
5365
5361

70718

2706

Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007
16 50 0 99889 1 0007
17 00 0 99880 1 0006
17 50 0 99871 1 0005
18 00 0 99862 1 0004
18 50 0 99853 1 0003
19 00 0 99843 1 0002
19 50 0 99833 1 0001
20 00 0 99823 1 0000
20 50 0 99812 0 9999
21 00 0 99802 0 9998
21 50 0 99791 0 9997
22 00 0 99780 0 9996
22 50 0 99768 0 9995
23 00 0 99757 0 9993

Temp (C) Rel Density Corr (K)
23 50 0 99745 0 9992
24 00 0 99732 0 9991
24 50 0 99720 0 9990
25 00 0 99707 0 9988
25 50 0 99694 0 9987
26 00 0 99681 0 9986
26 50 0 99668 0 9984
27 00 0 99654 0 9983
27 50 0 99640 0 9982
28 00 0 99626 0 9980
28 50 0 99612 0 9979
29 00 0 99597 0 9977
29 50 0 99582 0 9976
30 00 0 99567 0 9974

GB 1 COL-253
Bag

28.5 319

R REMOVAL
METHOD
VACUUM

Gs Average
|| 2706 ||

TECH LB
DATE 6/23/98

CHECK £7<JfUL
REVIEW Ofy^-

Golder Construction Services Inc



PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES

12 . . . ,. 75 . 3.5 . #4 ,,0 . «0 *0 p O . I J O O . 100

9 0 • • -

8fl - -

70 - -
%

P 6 0 - . -
A
S
S 5 0 - - -
I
N
G 40 - • -

30 - -

20 - -

10 -•-

0 -.- — ———— - —— , ——————— - — r_ _._ _ - — T - - - ———— —————— ———— , ———————————— ,

*^»i, ~»i
^- ^

S V
\

X\
s1s

V
K
S

\
\

!| s
< ^ s.N xN»

1000 100 10 1 01 001 0001
Cram size in millimeters

Boulders Cobbles

SAMPLE K
SAMPLE TYPI

SAMPLE DEPTE

DESCRIPTION

uses

GSL/ 986 1083 ENVE
IC3-3808

Coarse | Fine
Gravel

Cor | Med | Fine
SAND

> GB 1 SA 8
5 Bag
[ 350 39 7

1 Yellowish Brown and Gray SILTYCLAY
and medium to fine sand.

> CL |

ROGEN/IA

SILT OR CLAY
FINES

LL
PL
PI

33
15
18

TECH
DATE

CHECK
REVIEW

TF
5/29»8

($*-
f{jfS\

Colder Construction Services, Inc



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

PROJECT TITLE
PROJECT NO

GSU 986-1083 ENVIROGEN/ IA
IC3 3808

AS RECEIVED WATER CONTENT
Tar N
WtW t Sol & Tare (gm) (Wl)
WL Dry Soil & Tar (gm) (W2)
W ghtofTar (gm) (W3)
Weight of Water (gm) (W4-W1 W2)
W ght of Dry So 1 (gm)
Moistur Conlent(/)

(W5 W2W3)
(W4/W5) 100

58353

50349
8459
8004
41890
1911

Plus #4 Material Sieve
TARE WEIGHT 1 OOP J 120

30
2.5
20
15
10
075
0.50
0.375

#4

HYDROMETER ANALYSIS

Specif Gravity
Specif c Gravity

(assumed)
(tested)

Amount Dispersing Agent (ml)
Type Dispcrs on Dcv ce
-ength of Dispers on Period

TARE WEIGHT

DATE
6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/2/98

Parade Dameter
00314
00205
00121
00087
00062
00031
00013

203 12 |
' — .— . - - J

2713
12500

Mechanical
1 Minute

SAMPLE ID
SAMPLE TYPE
SAMPLE DEPTH

Hygroscopic Moisture W« Soil & Tare (gm)
For Sieve Sample Dry Sod & Tare (gm)

Tare Weight (gm)
Moisture Content ( /i)

Total Weight of Sample Used For Sieve Analysis Corrected Fo
Weight + Tare, Before Separating On The #4 Sieve (gm)

Tare Weight (gm)
Total W ght(gm)

(Wt+Tare) (((WtTareyW6)»100) ^PASSING

000 00 1000

Weight of Sample Used For Hydi

W ight fSampl WetorDry(gm)
Calculated Dry WL used in test (gm)
Hydrometer Bulb Number
/ Pass #4 S eve For Whole Sampl

HYDROMETER BACI

#10
mo
#40
H60

#100
#200

CSIEVE (Percent Passing #10
CumulWt

(Wt+Tare) Retained
20427
20563
20780
211 19
215 19
22005

115
251
468
807
1207
1693

#200 Sieves)

/ PASSING
97.8
95.1
909
843
76^5
671

HYDROMETER CALCULATIONS
TIME
1204
1206
1209
12 19
1234
1304
1614
1204

/PASSING
558
481
414
375
346
308
260

ET
(nun)
200
500
1500
3000
6000
25000
144000

READING
R

335
295
260
240
225
205
180

TEMP
T

2200
2200
2200
2200
2200
2200
2200

GRAIN SIZE PERCENTAGES
^ COBBLES
% COARSE GRAVEL

% FINE GRAVEL

SCO ARSE SAND

% MEDIUM SAND
S FINE SAND
* FINES
S TOTAL SAMPLE

000
000
000
224
686

2382
6708
10000

TEMP COR.
K

0013
0013
0013
0013
0013
0013
0013

Description

uses

HYDCOR.
Cc

450
450
450
450
450
450
450

GB 1 SA 8
Bag

350 397

11660
11495
322
148

r Hygroscopic Moisture
93414
23375
690 20 (Wfl

12 0 cobbles
3 0 coarse gravel
2.5 coarse gravel
2 0 coarse gravel

1.5 coarse gravel

1 0 coarse gravel
0 75 fine gravel
0.50 fine gravel
0375 fine gravel

#4 coarsesaad

•ometer Test

5219
5143

624378
10000

#10 medium sand
W20 medium sand
#40 fine sand
«£0 Cnesand
#100 fine sand
MOO fines

READING
C

2900
2500
2150
1950
1800
1600
1350

EFFECTIVE
LENGTH A

115 099
122 099
129 099
132 099
13 J 099
137 0.99
142 099

Yellowish Brown and Gray SLLTYCLAY
gnd nredwm to f^e fmnd^

CL

33
15
18

LL
PL
PI TECH TF

DATE 5/29/98
CHECK ^Ws

REVIEW fIt>A1

I Colder Construction Services, Inc



SPECIFIC GRAVITY OF SOILS
ASTMD-854

PYCNOMETER METHOD

PROJECT TITLE
PROJECT NUMBER

TESTED FOR

GSL / 986-1083 ENVIROGEN / IA
IC3-3808 SAMPLE ID

SAMPLE TYPE
SPECIFIC GRAVITY SAMPLE DEPTH

GB 1 SA 8
Bag

358 397

HYGROSCOPIC MOISTURE OF MATERIAL PASSING THE #4 SIEVE

Weight Soil and Tare Inital (gm) (Wl)
Weight Soil and Tare Final (gm) (W2)
Weight Of Tare (gm) (W3)
Weight Of Moisture (gm) (W4 = Wl W2)
Weight Of Dry Soil (gm) (W5=W2W3)
Hygroscopic Moisture fa (%) (HM= (W4/W5)*100)

Tnal
Pycnometer Number
Weight Pycnometer Empty (gm) (Mf)
Weight of Soil & Pycnometer (gm)
Weight of Sofl Water & Pycnometer (gm) (Mb)
Observed Temperature (Tb) for (Mb) In Degrees C

Observed Temperature C
Weight of Pycnometer &
Relative Density of Wate
Relative Density of Wate
Correction Factor due to
Weight of Soil (gm)
Weight of Dry Soil (gm)
Weight of Pycnometer &

SPECIFIC GRAVITY

la) for (Ma) In Degrees C
Water (gm) (Ma @ Ta)

r@ (Ta)
r@ (Tx)
Temperature @Tx (K)

(Mo)
Water (gm) (Ma)

G @ 20 degrees C = [Mo/(Mo + ((Ma Mb))l*(K)

Correction Values
Due To Temperature

16091
15977
5149
1 14

10828
1 1%

1 2
13

171 39
22339
70196
240

2300
66978

0 99757
0 99732
09991
5200
5146

66966

19
17636
22852
70708
240

2300
67446

0 99757
0 99732
09991
5216
51 62

67434

2684 2733

AI

3
23

17623
22843
70707
240

2300
67449

0 99757
0 99732
09991
5220
5166

67437

2723

Temp <O Rel Density Corr (K)
16 00 0 99897 1 0007
16 50 0 99889 1 0007
17 00 0 99880 1 0006
17 50 0 99871 1 0005
18 00 0 99862 1 0004
18 50 0 99853 1 0003
19 00 0 99843 1 0002
19 50 0 99833 1 0001
20 00 0 99823 1 0000
20 50 0 99812 0 9999
21 00 0 99802 0 9998
21 50 0 99791 0 9997
22 00 0 99780 0 9996
22.50 0 99768 0 9995
23 00 0 99757 0 9993

Temp (C) Rel Density
23 50 0 99745
24 00 0 99732
24 50 0 99720
25 00 0 99707
25 50 0 99694
26 00 0 99681
2650 099668
27 00 0 99654
2750 099640
2800 099626
28 50 0 99612
29 00 0 99597
29 50 0 99582
30 00 0 99567

Corr (K)
09992
09991
09990
09988
09987
09986
09984
09983
09982
09980
09979
09977
09976
09974

R REMOVAL
METHOD
VACUUM)

Gs Average

TECH TF
DATE 5/30/98

CHECK Cfts'
REVIEW f-VAl

Colder Construction Services, Inc



ATTERBERG LIMITS
ASTMD-4318

PROJECT TITLE GSL/986-1C
PROJECT NUMBER lC3-3t

183 ENVmOGEN/ IA
i08

SAMPLE ID GB 1 [ SA 8
SAMPLE TYPE Bag
SAMPLE DEPTH 35.0 397

SAMPLE PREPARATION
Wet or Dry Dry Minus #40 Sieve Yes

PLASTIC LIMIT DETERMINATION NATURAL MOISTURE
Weight of Wet Soil & Tare (gm)
Weight of Dry Soil & Tare (gm)
Weight of Tare (gm)
Weight of Water (gm) (W<
Weight of Dry Soil (gm) (W!
Water Content /o (W<

(Wi) 26 79
(W2) 24 83
(W3) 1179

l=Wl W2) 1 96
=W2W3) 1304
»/W5) 100 15 03

2742 2480
25 39 23 04
1184 1136
2 03 1 76
1355 1168
1498 1507

58353
50349
8459
8004

41890
1911

LIQUID LIMIT DETERMINATION
Number of
Weight of V
Weight of E
Weight of T
Weight of V
Weight of E
Water Cont

LIQUID Ln
PLASTIC L
PLASTICn
LiQuiorn
MOISTURI

Blows
yet Soil & Tare (gm)
)ry Soil & Tare (gm)
are(gm)
/ater(gtn) (WS
)ry Soil (gm) (WK
ent % (W9/

39-, —————

x 37 - —————
H

2 35 - ——————
O
U

| 33- —— —— —

I , -
29 - ——————

10

vDT(WI)
iMrr(Wp)
Y INDEX (Ip)
'INDEX (I)
•CONTENT

32
(W6) 16 08
(W7) 13 26
(W8) 4 26

=W6-W7) 2 82
)=W7 W8) 9 00
W10) 100 31 33

B

S

20

32 95 33
15 03 15

18
023
1911

23 24
2060 1381
1657 1139
433 419
4 03 2 42
1224 720
32 92 33 61

\^

16 NOTE
1911
1519
435
392
1084
3616

25 30 40
NUMBER OF BLOWS

DESCRIPTION Y
ai

uses

100

ellowish Brown and Gray SILTYCLAY
id medium to fine sand

CL
TECH
DATE

CHECK
REVIEW

GM
671/98

CJAjlA.
^L>M

Golder Construction Services, Inc
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1000

PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

.3 ?. .1 '5 . 4B. /«. M. «6^ .«L . * 5 Q . .«» J200

Boulders

s

1ivn

r^Jl

I
100 10 1

Gram sue in millimeters

Cobbles

SAMPLED
SAMPLE TYP]

SAMPLE DEPTI

DESCRIPTKM

use

GSL/ 986-1083 ENV]
I I C 3 3808

Coarse | Fine
Gravel

I
\

^

01 001

Cor \ Med \ Fine
SAND

[) GB 1 SA 9
E Bag
J 410 432

V Brownish Yellow FINE SAND trace silt

S SP J
Cu = D60/D10= 021/012 = 175 <
Cc = D30*2/(D#) D10) = 0 17"2/(0 21*0 12)

KOGEN/IA

SILT OR CLAY
FINES

LL
PL
PI

6
= 115 > I

TECH
DATE

CHECK
REVIEW

0001

TF
6/1/98

C^A^^
f^P/^l

Golder Construction Services, Inc



I
I! ASTM GRAIN SIZE ANALYSIS

1 I ASTM D 421, D 2217, D 1140, C 117, D 422, C 136

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

PROJECT TITLE
PROJECT NO
REMARKS

GSLJ 986-1083 ENVEROGEN/ IA
IC3 3808

WATER CONTENT (Delivered Moisture)
Wt Wet Soil & Tare (gm) (wl )
Wt Dry Soil & Tare (gm) (w2)
Weight of Tare (gm)
Weight of Water (gm)

(w3)
(w4=wl w2)

Weight of Dry Soil (gm) (w5=w2 w3)
Moisture Content (%)

SIEVE ANALYSIS
Tare Weight

000

% COBBLES
% C GRAVEL
%F GRAVEL
/oCSAND
%MSAND
%FSAND
/o FINES
% TOTAL

DE5

(w4/w5)*100

120
30
25
20
1 5
10

075
050
0375

#4
#8
#16
#30
#50

#100
#200
PAN
000
000
000
000
219
9532
249

10000

JCRIPTION

uses

SAMPLE H)
SAMPLE TYPE

SAMPLE DEPTH
Hygroscopic Moisture For Sieve Sample

GB 1 SA
Bag

410 43.2

Wet Soil & Tare (gm)
Dry Soil & Tare (gm)
Tare Weight (gm)
Moisture Content ("/ )

L 9

Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture

Cumulative
WtRet (WtTare) (%Retained)
+Tare {(«t ret/»6)* 1 00}

000
018
3748
73399
83429

000
018
3748
73399
83429

000
002
438
8579
9751

855 06 855 06 99 94

(W6)

%PASS
(100-%ret)

10000
9998
9562
14.21
249
006

Weight Of Sample (gm) 969
Tare Weight (gm) 113
Total Dry Weight (gm) 855

SIEVE

120
30
25
20
15
10

075
050
0375

#4
#8
#16
#30
#50
#100
#200
PAN

cobbles
coarse gravel
coarse gravel
coarse gravel
coarse gravel
coarse gravel
fine gravel
fine gravel
fine gravel
coarse sand
coarse sand
medium sand
medium sand
fine sand
fine sand
fines

31
72
59

Descriptive Terms > 10% mostly coarse (c)
trace Oto5% > 10% mostly medium (m)
little 5 to 12% < 10% fine (c-m)
some 12 to 30% < 10% coarse (m f)
and 30 to 50% < 10% coarse and fine (m)

< 10% coarse and medium (f)

LL
PL
PI
Gs 26.60

> 10% equal amounts each (c-f)

Brownish Yellow FINE SAND trace silt

SP TECH
DATE (

CHECK fr
REVD2W J

TF
5/1/98
1\Ax
JL»Ai

Colder Construction Services, Inc



SPECIFIC GRAVITY OF SOILS
ASTMD-854

PYCNOMETER METHOD

PROJECT TITLE
PROJECT NUMBER

TESTED FOR

GSL / 986-1083 ENVIROGEN / 1A

IC3-3808

SPECIFIC GRAVITY

HYGROSCOPIC MOISTURE OF MATERIAL PASSING TH

Weight Soil and Tare Imtal (gm) (Wl)
Weight Soil and Tare Final (gm) (W2)
Weight Of Tare (gm) (W3)
Weight Of Moisture (gm) (W4 = Wl W2)
Weight Of Dry Soil (gm) (W5=W2W3)
Hygroscopic Moisture In (%) (HM= (W4AV5)*100)

Tnal
Pycnometer Number
Weight Pycnometer Empty (gm) (Mf)
Weight of Soil & Pycnometer (gm)
Weight of Soil Water & Pycnometer (gm) (Mb)
Observed Temperature (Tb) for (Mb) In Degrees C

Observed Temperature (Ta) for (Ma) In Degrees C
Weight of Pycnometer & Water (gm) (Ma @ Ta)
Relative Density of Water @ (Ta)
Relative Density of Water @ (Tx)
Correction Factor due to Temperature @Tx (K)
Weight of Soil (gm)
Weight of Dry Soil (gm) (Mo)
Weight of Pycnometer & Water (gm) (Ma)

SPECIFIC GRAVITY
G @ 20 degrees C = [Mo/ (Mo + ((Ma Mb))]*(K)

Correction Values
Due To Temperature

E #4 SIEVE

3558
3554
318
004
3236
01%

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH

1 2
1

17852
19372
68609
240

2300
67663

0 99757
0 99732
09991

1520
1518

67651

2
201 25
21679
70904
240

2300
69949

0 99757
099732
09991

1554
1552

69937

2710 2653

AI

3
4

20847
22458
71653
240

2400
70658

0 99732
0 99732
09991

16 11
1609

70658

2618

Temp <Q ReL Density Corr (K)
16 00 0 99897 1 0007
16 50 0 99889 1 0007
17 00 0 99880 1 0006
17 50 0 99871 1 0005
18 00 0 99862 1 0004
18 50 0 99853 1 0003
19 00 0 99843 1 0002
19 50 0 99833 1 0001
20 00 0 99823 1 0000
20 50 0 99812 0 9999
21 00 0 99802 0 9998
21 50 0 99791 0 9997
22 00 0 99780 0 9996
22 50 0 99768 0 9995
23 00 0 99757 0 9993

Temp (C) Rd Density
23 50 0 99745
24 00 0 99732
24 50 0 99720
25 00 0 99707
25 50 0 99694
26 00 0 99681
26 50 0 99668
27 00 0 99654
27 50 0 99640
28 00 0 99626
28 50 0 99612
29 00 0 99597
2950 099582
30 00 0 99567

Corr (K)
09992
09991
09990
09988
09987
09986
09984
09983
09982
09980
09979
09977
09976
09974

GB 1 | SA 9
Bag

41 6-43 2

R REMOVAL
METHOD
VACUUM)

Gs Average

TECH TF
DATE 6/1/98

CHECK f£\k^
REVIEW f6c>Ai

Colder Construction Services, Inc
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PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES
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i-
11J_l

\
—— •

1

100 10 1 01 001
Gram size in millimeters

Cobbles

SAMPLED
SAMPLE TYP]

SAMPLE DEFH

DESCMPTIO1

use

Coarse | Fine
Gravel

Cor | Med | Fine
SAND

tt GB 1 SA 10
E Bag
I 450 480

H Brownish Yellow FINE SAND little silt

S SP-SM |
Cu = D60/D10= 021/0085 = 247 <
Cc = D30*2/(D60 D10) = 0 15"2/(0.21*0 085)

GSU 986-1083 ENVIROGEN/ IA
IC3 3808

SILT OR CLAY
FINES

LL
PL
PI

6
= 1.06 > 1

TECH
DATE

CHECK
REVIEW

0001

IT
6/1/98

Lfi*-7i*M

I Colder Construction Services, Inc



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

PROJECT TITLE
PROJECT NO
REMARKS

GSL/ 986-1083 ENVIROGEN/ IA
IC3 3808

WATER CONTENT (Delivered Moisture)
Wt Wet Soil & Tare (gm) (wl )
Wt Dry Soil & Tare (gm) (w2)
Weight of Tare (gm)
Weight of Water (gm)

(w3)
(w4=wl w2)

Weight of Dry Soil (gm) (w5=w2 w3)
Moisture Content ( / )

SIEVE ANALYSIS
Tare Weight

000

% COBBLES
/C GRAVEL
%F GRAVEL
°/CSAND
%MSAND
%FSAND
°/ FINES
% TOTAL

DBS

(w4/w5) 100

120
30
25
20
15
10

075
050
0375

#4
#8
#16
#30
#50

#100
#200
PAN
000
000
000
000
053
9381
566

10000

ICRIPnON

uses

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH
Hygroscopic Moisture For Sieve Sample

GB 1 SA
Bag

45.0 48.0

Wet Sod & Tare (gm)
Dry Soil & Tare (gm)
Tare Weight (gm)
Moisture Content ("/ )

10

Total Weight Of Sample Used For Sieve Corrected For Hygroscopic Moisture

Cumulative
WtRet (WtTare) ('/Retained)
+Tare {(wtret/w6)«ioo}

000
007
081
830

59759
79911

000
007
081
830

59759
79911

000
001
010
098
7055
9434

84631 84631 9991

Weight Of Sample (gm) 96 1
Tare Weight (gm) 114

(W6) Total Dry Weight (gm) 847

°/PASS
(100-%ret)

10000
9999
9990
9902
2945
566
009

SIEVE

120
30
25
20
15
10

075
050
0375

#4
#8

#16
#30
#50
#100
#200
PAN

cobbles
coarse gravel
coarse gravel
coarse gravel
coarse gravel
coarse gravel
fine gravel
fine gravel
fine gravel
coarse sand
coarse sand
medium sand
medium sand
fine sand
fine sand
fines

30
27
03

Descriptive Terms > 10% mostly coarse (c)
trace Oto5% > 10% mostly medium (m)
httle 5 to 12% < 10°/ fine (c-m)
some 12 to 30% < 10% coarse (mf)
and 30 to 50% < 10% coarse and fine (m)

LL
PL
PI
Gs 2.717

< 10°/ coarse and medium (0
> 10% equal amounts each (of)

Brownish Yellow FINE SAND little silt

SP-SM TECH
DATE <

CHECK ^
REVIEW ^

TF
5/1/98
T\>^
'«>Al

Colder Construction Services, Inc



SPECIFIC GRAVITY OF SOILS
ASTM D-854

PYCNOMETER METHOD

PROJECT TITLE
PROJECT NUMBER

TESTED FOR

GSL / 986-1083 ENVIROGEN / IA
IC3 3808

SPECIFIC GRAVITY

HYGROSCOPIC MOISTURE OF MATERIAL PASSING THJ
Weight Soil and Tare Inital (gm) (Wl)
Weight Soil and Tare Final (gm) (W2)
Weight Of Tare (gm) (W3)
Weight Of Moisture (gm) (W4 = W 1 W2)
Weight Of Dry Soil (gm) (W5=W2W3)
Hygroscopic Moisture In (7) (HM=(W4/W5) 100)

Trial
Pycnometer Number
Weight Pycnometer Empty (gm) (Mf)
Weight of Soil & Pycnometer (gm)
Weight of Soil Water & Pycnometer (gm) (Mb)
Observed Temperature (Tb) for (Mb) In Degrees C

Observed Temperature (Ta) for (Ma) In Degrees C
Weight of Pycnometer & Water (gm) (Ma © Ta)
Relative Density of Water @ (Ta)
Relative Density of Water® (Tx)
Correction Factor due to Temperature @Tx (K)
Weight of Soil (gm)
Weight of Dry Soil (gm) (Mo)
Weight of Pycnometer & Water (gm) (Ma)

SPECIFIC GRAVITY
G @ 20 degrees C = [Mo/(Mo+((Ma Mb))]*(K)

Correction Values
Due To Temperature

E #4 SIEVE

18595
18575
5162
020

13413
01%

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH

1 2
21

17705
22950
70797
250

2300
67519

099757
099707
09988
5245
5237

67494

24
17140
22323
70220
250

2200
66980

0 99780
0 99707
09988
5183
5175

66944

2704 2722

AE

3
25

17766
22870
70784
250

2300
67581

0 99757
099707
09988
5104
5096

67556

2724

Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007
16 50 0 99889 1 0007
17 00 0 99880 1 0006
17 50 0 99871 1 0005
18 00 0 99862 1 0004
18 50 0 99853 1 0003
19 00 0 99843 1 0002
19 50 0 99833 1 0001
20 00 0 99823 1 0000
20 50 0 99812 0 9999
21 00 0 99802 0 9998
21 50 0 99791 0 9997
22 00 0 99780 0 9996
22 50 0 99768 0 9995
23 00 0 99757 0 9993

Temp (C) Rel Density
23 50 0 99745
24 00 0 99732
24 50 0 99720
25 00 0 99707
25 50 0 99694
26 00 0 99681
26 50 0 99668
27 00 0 99654
27 50 0 99640
28 00 0 99626
28 50 0 99612
29 00 0 99597
29 50 0 99582
30 00 0 99567

Corr (K)
09992
09991
09990
09988
09987
09986
09984
09983
09982
09980
09979
09977
09976
09974

GB 1 | SA 10
Bag

450 480

R REMOVAL
METHOD
VACUUM

Gs Average

TECH TF
DATE J5/3/98

CHECK U\Ky
REVIEW f&W

Colder Construction Services Inc
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1
1
1
1
1
1
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I
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PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES

i 2 . 1 . 7i , .315 . U .Hlfl . «20 #M «60 . WOO IHOO

0 - • - ——————
1000

Boulders

100

Cobbles

SAMPLED
SAMPLE TYP1

SAMPLE DEPTT

DESCRIPTIOI

use

GSL/ 986-1083 ENVI
IC3-3808

•»>

"N s

I\\
^\

V
10 1 01Gram size in millimeters

Coarse | Fine
Gravel

Cor | Med | Fine
SAND

D GB 1 SA 11
E Bag
I 550 560

* Olive Brown. CLAYEY SILT same fine sand

5 ML |

ROGEN/IA

S- »•, -* ~~— 1— -̂

001

SILT OR CLAY
FINES

LL
PL
PI

NP
NP
NP

TECH
DATE

CHECK
REVIEW

0001

TF
$/29«8

(/P^?kn

I Colder Construction Services, Inc



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

PROJECT TITLE
PROJECT NO

GSL/ 986-1083 ENVTROGEN/ IA
IC3 3808

AS RECEIVED WATER CONTENT
TareN
Wt Wet Soil & Tar (gm) (Wl)
WcDrySol&Tar (gm) (W2)
Weight of Tare (gm)
WeghtofWater(gm)
W ight of Dry So 1 (gm)
M istur Content(/)

(W3)
(W4-W1 W2)
(W5-W2W3)
(W4/W5) 100

385 12
31629
8535
6883
23094
2980

Plus #4 Matenal Sieve
TARE WEIGHT 0 00 |[ 120

30
25
20
IS
10

075
0.50
0.375

#4

HYDROMETER ANALYSIS

Specif Gravity
Specif Gravity

(assumed)
(tested)

Amount Dispersing Agent (ml)
Type Dispers on Device
Length f Dispers Period

TARE WEIGHT

DATE

6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/2/98

PutlCK UlSSOCbS

00326
00218
00130
00093
00066
00032
00014

203 14 |

2686
12500

Mechanical
1 Minute

SAMPLE ID
SAMPLE TYPE
SAMPLE DEPTH

Hygroscopic Moisture Wet Soil & Tare (gm)
For Sieve Sample Dry So 1 & Tare (gm)

Tare Weight (gm)
M isture Content (%)

Total Weight of Sample Used For Sieve Analysis Corrected Fo
Weight + Tare, Before Separating On The #4 S eve (gm)

Tare Weight (gm)
Total Weight (gm)

(Wt+Tar ) (((Wt TarcyW6)*100) ^PASSING

000 00 1000

Weight of Sample Used For Hydi

Weight of Sampl Wet or Dry (gm)
Calculated Dry Wt used in test (gm)
Hydrometer Bulb Number
/ Pass «4 S ev F Whol Sampl

HYDROMETER BACI

#10
#20

#40

#100
#200

CSEEVE (Percent Passing #10
CumulWt

(Wt+Tare) Retained
20314
20320
20325
20347
20437
21175

000
006
O i l
033
123
861

#200 Sieves)

/ PASSING
1000
999
99.8
994
977
836

HYDROMETER CALCULATIONS
TIME
1202
1204
1207
12 17
12.32
1302
16 12
1202

V PASSING
458
296
200
162
134
114
105

ET
(nun)
200
500
1500
3000
6000
25000
144000

READING
R

285
200
150
130
115
110
100

TEMP
T

2200
2200
2200
2200
2200
2200
2200

GRAIN SIZE PERCENTAGES
« COBBLES

% CO ARSE GRAVEL

S FINE GRAVEL

% COARSE SAND
% MEDIUM SAND
S FINE SAND
SPINES
K TOTAL SAMPLE

000
000
000
000
021
1621
8358
10000

TEMP COR.
K

0013
0013
0013
0013
0013
0013
0013

HYDCOR.
Cc
450
450
450
450
450
450
450

GB 1 SA 11
Bag

550 560

2897
2879
317
070

r Hygroscopk Moisture
56818
23549
330 37 (W6)

12 0 cobbles
3 0 coarse gravel
2.5 coarse grav 1
2 0 coarse gravel
1*5 coarse gravel
1 0 coarsegrav 1

075 fine gravel
0.50 fine gravel
0375 fine gravel

#4 coarse sand

•ometer Test

5280
5243

624378
10000

#10 medium sand
#20 medium sand
#40 fine sand
#60 fine sand

#100 fine sand
#200 fines

READING
c

2400
1550
1050
850
700
650
550

EFFECTIVE
LENGTH A

12.4 100
138 100
147 100
150 1 00
152 100
15.3 100
155 100

Description

uses
Olive Brown, CLAYEY SILT some fine sand

ML

NP
NP
NP

LL
PL
PI TECH TF

DATE 5/29/9*
CHECK £(>A^'

REVIEW Y(^>^\

I Go/cter Construction Services, Inc



SPECIFIC GRAVITY OF SOILS
ASTMD-854

PYCNOMETER METHOD

PROJECT TITLE
PROJECT NUMBER

TESTED FOR

GSL / 986-1083 ENVTROGEN / IA
IC3-3808

SPECIFIC GRAVITY

HYGROSCOPIC MOISTURE OF MATERIAL PASSING TH

Weight Soil and Tare Imtal (gin) (Wl)
Weight Sofl and Tare Final (gm) (W2)
Weight Of Tare (gm) fW3)
Weight Of Moisture (gm) (W4 = Wl W2)
Weight Of Dry Son (gm) (W5=W2W3)
Hygroscopic Moisture In (%) (HM= (W4/W5)*100)

Trial
Pycnometer Number
Weight Pycnometer Empty (gm) (Mf)
Weight of Sofl & Pycnometer (gm)
Weight of Sofl Water & Pycnometer (gm) (Mb)
Observed Temperature (Tb) for (Mb) In Degrees C

Observed Temperature (Ta) for (Ma) In Degrees C
Weight of Pycnometer & Water (gm) (Ma @ Ta)
Relative Density of Water @ (Ta)
Relative Density of Water @ (Tx)
Correction Factor due to Temperature @Tx (K)
Weight of Soil (gm)
Weight of Dry Sofl (gm) (Mo)
Weight of Pycnometer & Water (gm) (Ma)

SPECIFIC GRAVITY
G @ 20 degrees C = [Mo/(Mo + «Ma Mb))]*(K)

Correction Values
Due To Temperature

E #4 SIEVE

15510
15437
51 12
073

10325
07%

SAMPLED)
SAMPLE TYPE

SAMPLE DEPTH

1 2
8

17887
23121
70948
250

2450
67715

0 99720
099707
09988
5234
5197

67709

9
17737
22942
70814
250

2300
67571

0 99757
0 99707
09988
5205
51 68

67546

2652 2716

AI

GB 1 | SA 11
Bag

559 560

R REMOVAL
METHOD
VACUUM)

3
16

17882
23107
70953
250

2300
67715

099757
099707
09988
5225
51 88

67690

2692

Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007
16 50 0 99889 1 0007
17 00 0 99880 1 0006
17 50 0 99871 1 0005
18 00 0 99862 1 0004
18 50 0 99853 1 0003
19 00 0 99843 1 0002
19 50 0 99833 1 0001
20 00 0 99823 1 0000
20 50 0 99812 0 9999
21 00 0 99802 0 9998
21 50 0 99791 0 9997
22 00 0 99780 0 9996
22 50 0 99768 0 9995
23 00 0 99757 0 9993

Temp (C) Rel Density
23 50 0 99745
24 00 0 99732
2450 099720
25 00 0 99707
25 50 0 99694
26 00 0 99681
26 50 0 99668
27 00 0 99654
2750 099640
2800 099626
28 50 0 99612
29 00 0 99597
2950 099582
30 00 0 99567

Corr (K)
09992
09991
09990
09988
09987
09986
09984
09983
09982
09980
09979
09977
09976
09974

Gs Average
| 2686 ||

TECH TF
DATE 5/30/98

CHECK rAk-s
REVIEW ^L^t^\

Colder Construction Services Inc



ATTERBERG UMTTS
ASTM D-4318

PROJECT TITLE C
PROJECT NUMBER

SU 986-1083 ENVIROGEN/ IA
IC33808

SAMPLE ID GB 1 | SA 11
I

SAMPLE TYPE Bag
SAMPLE DEPTH 55.0 56.0

SAMPLE PREPARATION
Wet or Dry Dry Minus #40 Sieve Yes

PLASTIC LIMIT DETERMINATION NATURAL MOISTURE
Weight of V
Weight of I
Weight of!
Weight of V
Weight of E
Water Cont

Number of
Weight of V
Weight of E
Weight of 1
Weight of V
Weight of E
Water Cont

LIQUID LQ
PLASTIC L
PLASTICIT
LIQUIDITY
MOBTURI

Vet Soil & Tare (gm) (Wi)
>ry Soil & Tare (gm) (W2)
"are (gm)
Vater (gm)
>ry Soil (gm)
ent ^

Blows

<W3)
(W4=W1 W2)
(W5=W2 W3)
(W4AV5) 100

LIQUII

Vet Soil & Tare (gm) (W6)
hy Soil & Tare (gm) (W7)
'are (gm)
Vater (gm)
)ry Soil (gm)
ent0/

\A -,-

Ĥ v> - -asw
g 30 --ou
H OQ

- ™O 2<> ' ~
S

24 --
10

dTT(WI)
JMTT(Wp)
Y INDEX (Ip)
'INDEX (I)
i CONTENT

(W8)
(W9=W6-W7)

(W10=W7 W8)
(W9/W10) 100

3088
2742
1148
346
1594
2171

3055
2720
1169
335

1551
2160

3157
2803
1171
354
1632
2169

38512
31629
8535
6883

23094
2980

) LIMIT DETERMINATION
5

2326
1936
430
390
1506
2590

5
2026
1696
428
330
1268
2603

NOTE DIFFICULT TO ROLL
SUSPECT TO BE NON PLASTIC

NON-PLASTIC

100
NUMBER OF BLOWS

NP
NP
NP
NP

2980

DESCRIPTION

uses

Olive Brown, CLAYEY SILT some fine sand

(ML) |
TECH
DATE

CHECK
REVIEW

JR
6/1/98
(^^
ikj/^

Golder Construction Services, Inc



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES

,m 1 . 3 I , 1. 73 . 425 . W SO . ?0 VO tfo . IJOO . WO

on

Rfi - - -

70 -•-
/

P 6 0 - - -
A
S
S 50 - . -
I
N
G 4 0 - . -

30 ---

20 - -

10 - -

0 - . . —————————— , ——————————— , ——————————— , ——————————— , ——————————— , ——————————

'»- •— ,^^^,>.
* S >«\V\\;

i
sS

\N <\.
V

*sS
N
\
\

1000 100 10 1 01 001
Gram size in millimeters

Boulders Cobbles

SAMPLED:
SAMPLE TOP!

SAMPLE DEPTH

DESCRIPTOR

uses

GSU 986-1083 ENV1
IC3-3808

Coarse | Fine
Gravel

Cor | Med | Fine
SAND

» G 1 SA 14
I Bag
[ 685 700

f Olive Brown and Gray SILTT CLAY and
medium to fine sand, trace fine gravel

» CL |

ROGEN/IA

SILT OR CLAY
FINES

LL
PL
PI

36
15
21

TECH
DATE

CHECK
REVIEW

0001

TF
5/29/98
Cfl^S
fkr\

I Colder Construction Services, Inc



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

PROJECT TITLE
PROJECT NO

CSV 986-1083 ENVIROGEN/IA
IC3 3808

AS RECEIVED WATER CONTENT
Tare No
Wt Wet So 1 & Tar (gm) (Wl)
WLDrySol&Tarefero) (W2)
W ghl fTar (gm)
W ght f Water (gm)
W ght of Dry So 1 (gm)
Mostur Content (6)

(W3)
(W4-W1 W2)
(W5 W2W3)
(W4/WS) 100

Plus #4 Matenal Sieve
TARE WEIGHT || 000 ^

HYDROMETER ANALYSIS

Specif Gra ty
Specif c Gravity

(assumed)
(tested)

Amount Dispersing Agent (ml)
Type Dispersion Device
.ength of Dispers o Period

TAKE WEIGHT

DATE
6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/1/98
6/2/98

Parade Diameter
00313
00202
00119
00085
00061
00030
00013

203 14 |

2715
12500

Mechanical
1 Minute

40825
36426
8535
4399
27891

1577

120
30
25
20
15
10

075
0.50
0.375

#4

SAMPLE ID
SAMPLE TYPE
SAMPLE DEPTH

Hygroscopic Moisture Wet Soil & Tare (gm)
For Sieve Sample Dry Soil & Tare (gm)

Tare Weight (gm)
Moisture Content (/)

Total Weight of Sample Used For Sieve Analysis Corrected Fo
Weight + Tare, Before Separating On The M Sieve (gm)

Tare Weight (gm)
TotalW ghtfem)

(Wt+Tare) (((Wt Tareywfi) 100) /.PASSING

000
290

00
06

1000
994

Weight of Sample Used For Hydi

W ight fSampl Wet or Dry (gm)
Calculated Dry WL used in test (gm)
Hydrometer Bulb Number
/ Pass #4 Sieve For Whole Sample

HYDROMETER BACI

#10
#20
#40

#60
#100
#200

(SIEVE (Percent Passing #10
CumulWt.

(Wt+Tare) Retained
20391
20500
20686
20987
21404
21949

077
186
372
673

1090
1635

#200 Sieves)

/ PASSING
979
95.8
923
86.4
78.4
67.9

HYDROMETER CALCULATIONS
TIME
1200
1202
1205
1215
1230
1300
16 10
1200

/ PASSING
581
514
457
429
400
343
267

ET
(nun)
200
500

1500
3000
6000
25000
144000

READING
R

350
315
285
270
255
225
185

TEMP
T

2200
2200
2200
2200
2200
2200
2200

GRAIN SIZE PERCENTAGES
/ COBBLES
S COARSE GRAVEL
K FINE GRAVEL
% COARSE SAND
S MEDIUM SAND

% FINE SAND
y FINES
S TOTAL SAMPLE

000
000
062
148
568

2431
6791
10000

TEMP COR.
K

0013
0013
0013
0013
0013
0013
0013

HYDCOR.
Cc
450
450
450
450
450
450
450

G 1 SA 14
Bag

685 700

3063
3035
316
103

r Hygroscopic Moisture
70560
23544
465 37 (W6)

12 0 cobbles

30 coarsegrav 1
2.5 coarse gravel
20 coarse gravel
1.5 coarse gravel
1 0 coarse gravel

075 fin gravel
0.50 fine gravel
0.375 fine gravel

#4 coarsesand

•otneter Test

5217
5164

624378
9938

#10 medium sand
#20 medium sand
#40 fine sand
#60 fine sand

#100 fine sand
#200 fines

READING
C

3050
2700
2400
2250
2100
1800
1400

EFFECTIVE
LENGTH A

114 099
119 099
124 099
127 099
129 099
133 099
140 099

Description

uses
Olive Brown and Gray SILTYCLAY and
medium to fine sand, trace fine gravel

CL

36
15
21

LL
PL
PI TECH TF

DATE 5/29/98
CHECK //yvA^,

REVIEW •flQ/n

I Colder Construction Services, Inc



SPECIFIC GRAVITY OF SOILS
ASTMD-854

PYCNOMETER METHOD

PROJECT TITLE
PROJECT NUMBER

TESTED FOR

GSL / 986-1083 ENV1ROGEN / IA
IC33808

SPECIFIC GRAVITY

HYGROSCOPIC MOISTURE OF MATERIAL PASSING TH

Weight Sod and Tare Imtal (gm) (Wl)
Weight Sod and Tare Final (gm) (W2)
Weight Of Tare (gm) (W3)
Weight Of Moisture (gm) (W4= Wl W2)
Weight Of Dry Soil (gm) (W5=W2W3)
Hygroscopic Moisture In (7) (HM=(W4/W5) 100)

Trial
Pycnometer Number
Weight Pycnometer Empty (gm) (Mf)
Weight of Sod & Pycnometer (gm)
Weight of Sod Water & Pycnometer (gm) (Mb)
Observed Temperature (Tb) for (Mb) In Degrees C

Observed Temperature (Ta) for (Ma) In Degrees C
Weight of Pycnometer & Water (gm) (Ma © Ta)
Relative Density of Water @ (Ta)
Relative Density of Water @ (Tx)
Correction Factor due to Temperature @Tx (K)
Weight of Sod (gm)
Weight of Dry Sod (gm) (Mo)
Weight of Pycnometer & Water (gm) (Ma)

SPECIFIC GRAVITY
G @ 20 degrees C = [Mo/(Mo+ ((Ma Mb))]*(K)

Correction Values
Due To Temperature

E #4 SIEVE

342J5
33955
5178
280

28777
10%

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH

1 2
17

17060
22291
70133
240

2500
66866

0 99707
099732
09991

5231
5181

66878

18
20634
25859
73711
250

2300
70459

099757
099707
09988
5225
5175

70434

2687 2724

AI

3
26

17823
23045
70888
250

2200
67642

0 99780
0 99707
09988
5222
5172

67606

2734

Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007
16 50 0 99889 1 0007
17 00 0 99880 1 0006
17 50 0 99871 1 0005
18 00 0 99862 1 0004
18 50 0 99853 1 0003
19 00 0 99843 1 0002
19 50 0 99833 1 0001
20 00 0 99823 1 0000
20 50 0 99812 0 9999
21 00 0 99802 0 9998
21 50 0 99791 0 9997
22 00 0 99780 0 9996
22 50 0 99768 0 9995
23 00 0 99757 0 9993

Temp (C) Rel Density
23 50 0 99745
24 00 0 99732
24 50 0 99720
25 00 0 99707
25 50 0 99694
26 00 0 99681
26 50 0 99668
27 00 0 99654
27 50 0 99640
28 00 0 99626
28 50 0 99612
29 00 0 99597
29 50 0 99582
30 00 0 99567

Corr (K)
09992
09991
09990
09988
09987
09986
09984
09983
09982
09980
09979
09977
09976
09974

GB 1 SA 14
Bag

68.5 700

R REMOVAL
METHOD
VACUUM

Gs Average

TECH AK
DATE 5/30/98

CHECK /HJJLX
REVIEW yJ>Ai

Colder Construction Services Inc



I ATTERBERG LIMITS
ASTMD-4318

PROJECT TITLE
PROJECT NUMBER

GSIV 986-1083 ENVIROCEN/IA |
IC3-3808 J

SAMPLED)
SAMPLE TYPE
SAMPLE DEPTH

GB 1 | SA
Bag

14

6&£ 700

SAMPLE PREPARATION
Wet or Dry Dry Minus #40 Sieve Yes

Weight of Wet Soil & Tare (gm)
Weight of Dry Sod & Tare (gm)
Weight of Tare (gm)
Weight of Water (gm) (W4=Wl W2)
Weight of Dry Sod (gm) (W5=W2 W3)
Water Content % (W4/W5)*ioo

PLASTIC LIMIT DETERMINATION
(Wl)
(W2)
(W3)

NATURAL MOISTURE
2308
2161
1165
147
996

1476

2145
2020
1142
125
878
1424

2204
2069
1146
135
923

1463

LIQUID LIMIT DETERMINATION
Number of Blows
Weight of Wet Sod & Tare (gm) (W6)
Weight of Dry Sod & Tare (gm) (W7)l
Weight of Tare (gm) (W8)
Weight of Water (gm) (W9=W6-W7)
Weight of Dry Sod (gm) (Wio=w? W8)|
Water Content % (W9/W10) 100

33
2146
1699
432
447
1267
3528

24
2345
1840
435
505
1405
3594

17
2485
1920
428
565
1492
3787

NOTE

39 -I

5-

§ 3 7 -

§
0

I"s

33 -
1

X
^X

0 20 25 30 40 100

NUMBER OF BLOWS

LIQUID LIMIT (WI)
PLASTIC LIMIT (Wp)
PLASTICITY INDEX (Ip)
UQUIEHTYINDEXa)
MOISTURE CONTENT

3617
1454

36
15
21
006
1577

DESCRIPTION Olive Brown and Gray

uses

SILTYCLAY and
medium to fine sand, trace fine gravel

CL |
TECH
DATE

CHECK
REVIEW

JR
6/1/98

Golder Construction Services, Inc



PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

12 . 3 2 , . | IS. . 31i ̂  (M, «8 x «1« . .#30 . »S» . , <1100 . *200

90 -

Qfi

70 -
/

P 60-
A
S
S 50-
I
N
G 40-

30 --

20 -

10 -•

0 - •
100(

w •^F

^

S
^\,\\

\
V
X

*

I

) 100 10 ^ 1 „ 01Gram size in millimeters

Boulders Cobbles
Coarse | Fine

Gravel
COT I Med | Fine

SAND

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH

GB 1 SA 15
Bag

700 725

DESCRIPTION I
s

uses

Jrowmsh Yellow MEDIUM TO FINE SAND little
ift, trace fine gravel

SP-SM |
Cu = D60/D10= 0.24/0083 = 2 8 2 <
Cc = D30*2/(D60«D10) «= 0 17"2/(0 24*0 085)

GSL/ 986-1083 ENVIROGEN/ IA
IC3 3808

001

SILT OR CLAY
FINES

LL
PL
PI

6
= 142 > 1

TECH
DATE

CHECK
REVIEW

0001

TF
6/1/98

MA/
PLj*

I Golder Construction Services, Inc



I
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

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

PROJECT TITLE
PROJECT NO
REMARKS

GSU 986-1083 ENVIROGEN/ IA
IC3 3808

WATER CONTENT (Delivered Moisture)
Wt Wet Sod & Tare (gm) (wl )
Wt Dry Soil & Tare (gm) (w2)
Weight of Tare (gm) (w3)
Weight of Water (gm) (w4=wl w2)
Weight of Dry Soil (gm) (w5=w2 w3)
Moisture Content (°/ )

SIEVE ANALYSIS
Tare Weight

000

/ COBBLES
/o C GRAVEL
%F GRAVEL
% C SAND
%MSAND
%FSAND
% FINES
% TOTAL

DBS

(w4/w5)»100

120
30
25
20
15
10

075
050
0375

#4
#8
#16
#30
#50

#100
#200
PAN
000
000
013
044
2872
6350
722

10000

CRIPTION

uses

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH
Hygroscopic Moisture For Sieve Sample

GB 1 SA
Bag

700 725

Wet Soil & Tare (gm)
Dry Soil & Tare (gm)
Tare Weight (gm)
Moisture Content (%)

15

Total Weight Of Sample Used For Sieve Corrected For H\groscopic Moisture

Cumulative
Wt Ret (Wt Tare) (%Retained)
+Tare {(wtret/»€) 100}

000
129
179

1832
11803
47172
77992
93137

000
129
179
1832

11803
47172
77992
93137

000
013
018
183

1176
4699
7770
9278

1003 18 1003 18 99 94

(W6)

% PASS
(100-%ret)

10000
9987
9982
9817
8824
5301
2230
722
006

Weight Of Sample (gm) 1 1 1 '
Tare Weight (gm) 114
Total Dry Weight (gm) 1 00

SIEVE

120
30
25
20
1 5
10

075
050

0375
#4
#8

#16
#30
#50
#100
#200
PAN

cobbles
coarse gravel
coarse gravel
coarse gravel
coarse gravel
coarse gravel
fine gravel
fine gravel
fine gravel
coarse sand
coarse sand
medium sand
medium sand
fine sand
fine sand
fines

794
12

382

Descriptive Terms > 10% mostly coarse (c)
trace 0 to 5% > 10% mostly medium (m)
little 5 to 12/o < 10% One (c-m)
some 12 to 30% < 10% coarse (mf)
and 30 to SO0/ < 10% coarse and fine (m)

LL
PL
PI
Gs 2694

< 10% coarse and medium (I)
> 10% equal amounts each (c-f)

Brownish Yellow MEDIUM TO FINE SAND little
silt, trace fine gravel

SP-SM TECH
DATE I

CHECK £
REVIEW f

TF
5/1/98
AJUU
L/>\

Colder Construction Services, Inc



SPECIFIC GRAVITY OF SOILS
ASTM D 854

PYCNOMETER METHOD

PROJECT TITLE
PROJECT NUMBER

TESTED FOR

GSL / 986-1083 ENVIROGEN / IA
IC3 3808

SPECIFIC GRAVITY

HYGROSCOPIC MOISTURE OF MATERIAL PASSING TH

Weight Soil and Tare Imtal (gm) (Wl)
Weight Soil and Tare Final (gm) (W2)
Weight Of Tare (gm) (W3)
Weight Of Moisture (gm) (W4 = Wl W2)
Weight Of Dry Soil (gm) (W5=W2W3)
Hygroscopic Moisture In (f) (HM=(W4AV5) 100)

Tnal
Pycnometer Number
Weight Pycnometer Empty (gm) (MO
Weight of Soil & Pycnometer (gm)
Weight of Soil Water & Pycnometer (gm) (Mb)
Observed Temperature (Tb) for (Mb) In Degrees C

Observed Temperature (Ta) for (Ma) In Degrees C
Weight of Pycnometer & Water (gm) (Ma @ Ta)
Relative Density of Water @ (Ta)
Relative Density of Water® (Tx)
Correction Factor due to Temperature @Tx (K)
Weight of Soil (gm)
Weight of Dry Soil (gm) (Mo)
Weight of Pycnometer & Water (gm) (Ma)

SPECIFIC GRAVITY
G @ 20 degrees C = [Mo/(Mo+((Ma Mb))]*(K)

Correction Values
Due To Temperature

E #4 SIEVE

10024
10019
5193
005

4826
01%

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH

1 2
7

17399
20424
69125
245

2400
67231

099732
0 99720
09990
3925
3022

67225

8
17891
21276
698.28
245

2450
67715

0 99720
0 99720
09990
3385
3381

67715

2691 2663

AI

3
19

17637
20914
69502
245

2300
67446

0 99757
0 99720
09990
3277
3274

674.28

2727

Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007
16 50 0 99889 1 0007
17 00 0 99880 1 0006
17 50 0 99871 1 0005
18 00 0 99862 1 0004
18 50 0 99853 1 0003
19 00 0 99843 1 0002
19 50 0 99833 1 0001
20 00 0 99823 1 0000
20 50 0 99812 0 9999
21 00 0 99802 0 9998
21 50 0 99791 0 9997
22 00 0 99780 0 9996
22 50 0 99768 0 9995
23 00 0 99757 0 9993

Temp (C) Rel Density
23 50 0 99745
24 00 0 99732
24 50 0 99720
25 00 0 99707
25 50 0 99694
26 00 0 99681
26 50 0 99668
27 00 0 99654
27 50 0 99640
28 00 0 99626
28 50 0 99612
29 00 0 99597
29 50 0 99582
30 00 0 99567

Corr (K)
09992
09991
09990
09988
09987
09986
09984
09983
09982
09980
09979
09977
09976
09974

GB 1 SA 15
Bag

700 723

R REMOVAL
METHOD
VACUUM

Gs Average

TECH TF
DATE 6/3/98

CHECK £c^/
REVIEW ^U» r*\

Golder Construction Services Inc



PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

12 32 1 75 375 W #8 #16 #30 #50 #100 #200

90 ...

70 • -
%

P 60 ..
A
S
S 50 • -
I
N
G 4 0 - - -

30 -•-

20 - -

10 -•-

v
\

-I11
]-\
t 10 -•- —————————— , ———————————— , ———————————— , ——————————— , ———————————— , ———————————— ,

1000 100 10 Gram size lA millimeters 01 ° °1 ° O01

Boulders Cobbles

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH

DESCRIPTION

uses

GSL/986-1083 ENVIR
IC33808

Coarse | Fine
Gravel

Cor | Med | Fine
SAND

161
Bag

MEDIUM TO FINE MASTER BUILDERS IRON
FILINGS (COLUMN TEST SAMPLE)

SP |
Cu = D60/D10 = 0 45/0 18 = 25 <
Cc = D30 2/(D60*D10) = 0 3 2/(0 45*0 18)

OGEN /IA

SILT OR CLAY
FINES

6
= 1 11

LL
PL
PI

> 1

TECH
DATE

CHECK
REVIEW

LB
6/23/98

i4fc-<y\*~
Golder Construction Services Inc



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

PROJECT TITLE
PROJECT NO
REMARKS

GSL/986-1083 ENVIROGEN /IA
IC3 3808

WATER CONTENT (Delivered Moisture)
Wt Wet Soil & Tare (gm) (wl)
Wt Dry Soil & Tare (gm) (w2)
Weight of Tare (gm) (w3)
Weight of Water (gm) (w4 = wl w2)
Weight of Dry Soil (gm) (w5 = w2 w3)
Moisture Content (7) (w4/w5)*100

SIEVE ANALYSIS
Tare Weight

000

7 COBBLES
7 C GRAVEL
7 F GRAVEL
% CSAND
7 MSAND
7 FSAND
7 FINES
% TOTAL

DBS

120
30
25
20
1 5
1 0

075
050
0375

#4
#8

#16
#30
#50

#100
#200
PAN
000
000
000
000
4262
5612
125

10000

CRIPTION

uses

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH
Hygroscopic Moisture For Sieve Sample

161
Bag

Wet Soil & Tare (gm)

Total Weight

Cumulative
WtRet (WtTare) (7 Retained)
+Tare {(wtrei/w6) 100

000
003

7801
28557
39985
41997

000
003
7801
28557
39985
41997

000
001

1834
6715
9402
9875

425 30 425 30 100 00

Dry Soil & Tare (gm)
Tare Weight (gm)
Moisture Content (7)

Of Sample Used For Sieve Corrected For Hygroscopic Moisture
Weight Of Sample (gm) 42f
Tare Weight (gm) 0

(W6) Total Dry Weight (gm) 423

7 PASS
(100- 7 ret)

10000
9999
8166
3285
598
125
000

SIEVE

120
30
25
2 0
1 5
1 0

075
050

0375
#4
#8
#16
#30
#50

#100
#200
PAN

cobbles
coarse gravel
coarse gravel
coarse gravel
coarse gravel
coarse gravel
fine gravel
fine gravel
fine gravel
coarse sand
coarse sand
medium sand
medium sand
fine sand
fine sand
fines

'30
00
30

Descriptive Terms > 10% mostly coarse (c)
trace 0 to 57 > 10%
little 5 to 127 < 10%

mostly medium (m)
fine (c m)

some 12 to 30? < 107 coarse (m f)
and 30 to 507 < 107 coarse and fine (m)

LL
PL
PI
Gs 6S 53

< 107 coarse and medium (f)
> 107 equal amounts each (c f)

MEDIUM TO FINE MASTER BUILDERS IRON
FILINGS (COLUMN TEST SAMPLE)

SP TECH
DATE 6

CHECK C
REVIEW &

LB
/23/9S
^ ———
^/

Golder Construction Services Inc



SPECIFIC GRAVITY OF SOILS
ASTMD-854

PYCNOMETER METHOD

PROJECT TITLE
PROJECT NUMBER

TESTED FOR

GSL / 986-1083 ENVIROGEN / IA
IC3-3808

SPECIFIC GRAVITY

HYGROSCOPIC MOISTURE OF MATERIAL PASSING TH

Weight Soil and Tare Imtal (gm) (Wl)
Weight Soil and Tare Final (gm) (W2)
Weight Of Tare (gm) (W3)
Weight Of Moisture (gm) (W4 = Wl W2)
Weight Of Dry Soil (gm) (W5=W2W3)
Hygroscopic Moisture In (7) (HM=(W4/W5) 100)

Trial
Pycnometer Number
Weight Pycnometer Empty (gm) (Mf)
Weight of Soil & Pycnometer (gm)
Weight of Soil Water & Pycnometer (gm) (Mb)
Observed Temperature (Tb) for (Mb) In Degrees C

Observed Temperature (Ta) for (Ma) In Degrees C
Weight of Pycnometer & Water (gm) (Ma © Ta)
Relative Density of Water @ (Ta)
Relative Density of Water @ (Tx)
Correction Factor due to Temperature @Tx (K)
Weight of Soil (gm)
Weight of Dry Soil (gm) (Mo)
Weight of Pycnometer & Water (gm) (Ma)

SPECIFIC GRAVITY
G @ 20 degrees C = [Mo/(Mo+ ((Ma Mb))]*(K)

Correction Values
Due To Temperature

E #4 SIEVE

3402
3401
317
001
3084
00%

SAMPLE ID
SAMPLE TYPE

SAMPLE DEPTH

AE

1 2 3
16

17880
232.39
72290
240

2300
67715

099757
099732
09991
5359
5357

67703

161
Bag

R REMOVAL
METHOD
VACUUM

Gs Average
6953

Temp (C) Rel Density Corr (K)
16 00 0 99897 1 0007
16 50 0 99889 1 0007
17 00 0 99880 1 0006
17 50 0 99871 1 0005
18 00 0 99862 1 0004
18 50 0 99853 1 0003
19 00 0 99843 1 0002
19 50 0 99833 1 0001
20 00 0 99823 1 0000
20 50 0 99812 0 9999
21 00 0 99802 0 9998
21 50 0 99791 0 9997
22 00 0 99780 0 9996
22 50 0 99768 0 9995
23 00 0 99757 0 9993

Temp (C) Rel Density Corr (K)
23 50 0 99745 0 9992
24 00 0 99732 0 9991
24 50 0 99720 0 9990
25 00 0 99707 0 9988
25 50 0 99694 0 9987
26 00 0 99681 0 9986
26 50 0 99668 0 9984
27 00 0 99654 0 9983
27 50 0 99640 0 9982
28 00 0 99626 0 9980
28 50 0 99612 0 9979
29 00 0 99597 0 9977
29 50 0 99582 0 9976
30 00 0 99567 0 9974

| 6953 ||

TECH LB
DATE 6/23/98

CHECK (J\t*-
REVIEW )*t>!^
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JUNE 1998
GEOTECHNICAL TEST RESULTS

PROJECT NAME GSL /986-1083 ENVIROGEN / IA
PROJECT NUMBER IC3 3808
SAMPLE ID GBl/SA15@2Spsi DEPTH 700 725
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S
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IC3 3808

PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422 US STANDARD SIEVE OPENING SIZES
V . 3 . . 1. V . -315 , fit J 0 . W «P *f> flflO . «PO

- ———————— i ——————
1000 100

Bould rs C bblca
Coerae |

-^
^

\

\
\

\hv
\rN, •

10 1 01 0 01
Grain size in millimeters

Fm
Grav 1

C Med | Fin
SAND

0001

SILT OR CLAY
FINES

NOTES Sample GB-1 / SA 15 was reconstructed Sample was saturated at a vertical
effective stress of 30 psi Some fines lost during saturation

SOIL DESCRIPTION Brownish Yellow MEDIUM TO FINE SAND little silt trace fine gravel
USCS SP SM
FLUID DESCRIPTION Free Fluid 481b Guar/1 000 gal water

LEAK OFF TEST

) -

> •

) -

) < ———————— , ———————— , ————————— , ————————— , ————————— , ———————— r-

. —— • —— —

X
7*~

^r—•-*•

y

*=**-•

= 1945x ^
R2 = 0.93

K**-»-

71905
57

-.-̂ 1-**-*

000 050 100 150 200 250 300

ROOT TIME (mm)

LEAK OFF COEFFICIENT Cw (cm/mui10) =
(Tested under 25 pa)

SPURT VALUE (cm) =

i =*=**-!>••••«

3 50 4 00 4 50

1 002 |

| 009 |
TECH
DATE

CHECK
REVIEW

500

TF
6/12/98

•rtc/fc-
Golder Construction Services Inc



JUNE 1998 IC3 3808
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / IA
PROJECT NUMBER IC3 3808
SAMPLE ID GBl/SA15@25psi DEPTH 700 725

Tare Weight
000

120
Total Dry Weight 3 0

1003 82 25
20
1 5
10

075
050
0375

#4
#8

#16
#30
#50

#100
#200
PAN

NOTES

SOIL DESCRIPTION
uses
FLUID DESCRIPTION

SAMPLE
PREPARATION

Sample weight g 22T9""
Sample height cm T2
Sample Diameter cm 711
Area cm2 39 70
Volume cm3 127 05
Dry Density pcf 110 45
Porosity 7 34 2

PARTICLE SIZE DISTRIBUTION

Cumulative
Wt Ret (Wt Tare) (^Retained) % PASS SIEVE
+Tare (wt ret/w6) 10 (100-%ret)

000
129
179

1832
11803
47172
77992
93137

000
129
1 79

1832
11803
471 72
77992
93137

000
013
018
183
11 76
4699
7770
9278

120
30
25
20
15
10

075
050

100 00 0 375
99 87 #4
99 82 #8
98 17 #16
88 24 #30
53 01 #50
22 30 #100
7 22 #200

cobbles
coarse gravel
coarse gravel
coarse gravel
coarse gravel
coarse gravel
fine gravel
fine gravel
fine gravel
coarse sand
coarse sand
medium sand
medium sand
fine sand
fine sand
fines

1003 18 1003 18 99 94 0 06 PAN
Sample GB-1 / SA 15 was reconstructed Sample was saturated at a vertical
effective stress of 30 psi Some fines lost during saturation
Brownish Yellow MEDIUM TO FINE SAND little silt trace fine gravel
SPSM
Frac Fluid 48Ib Guar/1000 gal water

LEAK OFF TEST

TIME
(nun)

0
05
1

1 5
2

25
3

35
4

45
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

TIME
ROOT

(mm)
000
071

00
22
41
58
73
87

200
2 12
224
245
265
283
300
3 16
3 32
346
361
374
387
400
412
424
436
447

VOLUME OF WATER
DISPLACED FROM SAMPLE

(ml)
000
8 10
90
95
100
103
106
109
112
114
116
12 1
125
128
132
135
137
140
142
145
147
149
15 1
153
155
157

FILTER CAKE
THICKNESS

(cm)

TECH TF
DATE 6/12/98

CHECK -Tf~ r _
REVIEW \fr~'

Golder Construction Services Inc



JUNE 1998
GEOTECHNICAL TEST RESULTS

PROJECT NAME GSL /986-1083 ENVIROGEN / IA
PROJECT NUMBER. IC3 3808
SAMPLE ID GB 1 / SA 15 @ 50 psi DEPTH 70 0 72 5

10

9<

8(

7C
P
A «
S
S 5C
I
N 4C

G
3C

2C

1C

C

3(

§ 2C
|1

g V3

t-3 *ta -

c - ^ — i —

3 • •

) -

3 • • -

) - • -

) - -

) • • -

) - • •

) - •-

) - • •

...

IC3 3808

PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422 US STANDARD SIEVE OPENING SIZES
V . •), . 1, S . -32 S? Jl » . f?> «P *50 WO . tOfO

^
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1000 100 10 1 01 0 01
Gram size in millimeters

Bo Id ra C bbles
C ane Fin

Gra 1
c Med | Fin

SAND

0001

SILT OR CL^Y
FINES

NOTES Sample GB-1 / SA IS was reconstructed Sample was saturated at a vertical
effective stress of 30 pst Some fines lost during saturation

SOIL DESCRIPTION Brownish Yellow MEDIUM TO FINE SAND hole silt trace fine gravel
uses SP SM
FLUID DESCRIPTION Frsc Fluid 481b Guar/1000 gal water

LEAK OFF TEST

•-

) •-
•M

, f'

_ — • — •

X
7*-

41 —— *=v

1

:»-»-*

/ =22119*
R2 = 09

did!-•—— •

f 6108
)83

-^*-«

000 050 100 150 200 2 50 3

ROOT TIME (nun)

LEAK OFF COEFFICIENT Cw (on/mm"1)
(Tested under 50 psi)

SPURT VALUE (on) =

r-*-̂ i-**-̂ ir***!

00 350 400 450

| 003 |

| 008 |
TECH
DATE

CHECK
REVIEW

500

TF
6/7/98

•flf-
If —
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JUNE 1998 IC3 3808
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / IA
PROJECT NUMBER IC3 3808
SAMPLE ID GB 1 / SA 15 @ 50 psi DEPTH 70 0 72 5

Tare Weight
000

12-0
Total Dry Weight 3 0

1003 82 25
20
1 5
1 0

075
050
0375

#4
#8

#16
#30
#50

#100
#200
PAN

NOTES

SOIL DESCRIPTION
uses
FLUID DESCRIPTION

SAMPLE
PREPARATION

Sample weight g 224 9
Sample height cm 3 2
Sample Diameter cm 711
Area cm2 39 70
Volume cm3 12507
Dry Density pcf 112 22
Porosity V 33 1

PARTICLE SIZE DISTRIBUTION

Cumulative
Wt Ret (Wt Tare) (%Retamed) % PASS SIEVE
+Tare {(wt ret/w6) 10 (100 %ret)

000
129
179

1832
11803
471 72
77992
93137

000
1 29
179
1832
11803
471 72
77992
931 37

120
30
25
2 0
1 5
1 0

075
050

0 00 100 00 0 375
0 13 99 87 #4
0 18 99 82 #8
1 83 98 17 #16

1176 8824 #30
46 99 53 01 #50
77 70 22 30 #100
92 78 7 22 #200

1003 18 1003 18 99 94 0 06 PAN
Sample GB-1 / SA 15 was reconstructed Sampl was saturated at a vert c I
effective stress of 30 psi Some fines lost during saturation
Brownish Yellow MEDIUM TO FINE SAND little silt trace fine gravel
SPSM
Frac Fluid 481b Guar/1000 gal water

LEAK OFF TEST

TIME
(min)

0
05
1

15
2

25
3

35
4

45
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

TIME
ROOT
(mm)
000
071
100
122
1 41
158
173
1 87
200
212
224
245
265
283
300
3 16
332
346
361
374
387
400
412
424
436
447

VOLUME OF WATER
DISPLACED FROM SAMPLE

(ml)
000
780
84
88
93
96
99
102
105
108
11 1
115
115
124
128
13 1
134
138
141
144
147
150
153
155
158
160

cobbl s
coarse gravel
coarse gravel
coarse gravel
coarse gravel
coarse gravel
f ne gra el
fine gravel
f ne gravel
coarse sand
coarse sand
med m sand
med um sand
fine sand
f ne sand
fnes

FILTER CAKE
THICKNESS

(cm)

TECH TF
DATE 6/7/98

CHECK -ff-
REVEEW IT*-^

Golder Construction Services Inc



JUNE 1998
GEOTECHNICAL TEST RESULTS

PROJECT NAME GSL /986-1083 ENVIROGEN / IA
PROJECT NUMBER IC3 3808
SAMPLE ID GB 1 / SA 15 @ 100 psi DEPTH 700 725

IC3 3808

PARTICLE SIZE DISTRIBUTION ASTM D 421 AND D 422 US STANDARD SIEVE OPENING SIZES
.nr V . } . i. TS .JZ? . «• J"> . «o MP *so imo . np>
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SILT OR Cb\Y
FINES

NOTES Sample GB-1 / SA 15 was reconstructed Sample was saturated at a vertical
effective stress of 30 psi Some fines lost during saturation

SOIL DESCRIPTION Brownish Yellow MEDIUM TO FINE SAND little silt trace fine gravel
USCS SP SM
FLUID DESCRIPTION Frac Fluid 48lb Guar/1000 gal water

LEAK OFF TEST
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••»•
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JUNE 1998 IC3 3808
GEOTECHNICAL TEST RESULTS
PROJECT NAME GSL /986-1083 ENVIROGEN / IA
PROJECT NUMBER IC3 3808
SAMPLE ID GB 1 / SA 15 @ 100 psi DEPTH 70 0 72 5

TareWeght
000

120
Total Dry Weight 3 0

1003 82 25
20
15
1 0

075
050
0375

#4
#8

#16
#30
#50

#100
#200
PAN

NOTES

SOIL DESCRIPTION
uses
FLUID DESCRIPTION

SAMPLE
PREPARATION

Sample weight g 225 15
Sample height cm 3 1
Sample Diameter cm 711
Area cm2 39 70
Volume cm1 123 08
Dry Density pcf 114 07
Porosity 7 34 1

PARTICLE SIZE DISTRIBUTION

Cumulative
Wt Ret (Wt Tare) (%Reta ned) % PASS SIEVE
-(-Tare (wt ret/w6) 10 (100 %ret)

000
129
179
1832
11803
471 72
77992
93137

000
129
1 79

1832
11803
47172
77992
93137

000
0 13
0 18
1 83
11 76
4699
7770
9278

120
3 0
25
20
1 5
1 0

075
050

100 00 0 375
99 87 #4
99 82 #8
98 17 #16
88 24 #30
53 01 #50
22 30 #100
7 22 #200

cobbles
coarse gravel
coarse gravel
coarse gravel
coarse gravel
coarse gravel
fine gravel
fine gravel
fine gravel
coarse sand
coarse sand
medium sand
medium sand
fine sand
fine sand
fines

1003 18 1003 18 99 94 0 06 PAN
Sample CB-1 / SA 15 was reconstructed Sample was saturated at a vert cal
effective stress of 30 psi Some fines lost during saturation
Brownish Yellow MEDIUM TO FINE SAND little silt trace fine gravel
SP-SM
Frac Fluid 481b Guar/1000 gal water

LEAK OFF TEST

TIME
(mm)

0
05

1
15
2

25
3

35
4

45
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

TIME
ROOT
(nun)
000
071
100
122
141
158
173
187
200
212
224
245
265
283
300
3 16
332
346
361
374
387
400
412
424
436
447

VOLUME OF WATER
DISPLACED FROM SAMPLE

(ml)
000
13 70
156
167
176
183
189
194
199
203
207
214
220
226
230
235
240
244
253
257
261
264
267
271
274
277

FILTER CAKE
THICKNESS

(cm)

TECH TF
DATE 6/10/98

CHECK -f&
REVIEW WU«.

Colder Construction Services Inc



RESISTIVITY OF SOIL
ASTM G-57 AND U S DOTFP-85

PROJECT TITLE
PROJECT NO
REMARKS

GSL/986-1083 ENVIROGEN/IA
IC3-3808

SAMPLED)
SAMPLE TYPE
SAMPLE DEPT

GB 1 SA 9
Bag

410 432

SAMPLE PREPARATION
TEST APPARATUS

NoSieved through the #8 Sieve | ____
Miller Soilboi and Nllsson 400 Soil Resistance Meter

Identification

SPECIMEN (Point)
RESISTIVITY (ohms-cm)
TEMP DEGREES (C)
RESISTIVITY @ 15 5 C (ohms-cm)

MOISTURE CONTENT

WET WEIGHT & TARE
DRY WEIGHT & TARE
TARE WEIGHT
WEIGHT OF MOISTURE (gm)
WEIGHT OF DRY SOIL (gm)
MOISTURE CONTENT (/o)

SATURATED

1
6550
22.0
7614

2 3 4

45780
372.85
5138
8495

32147
2643

40 -
'eu
VI

.e ^ 30 -
&•%
f c l

2S 20H C 20

M
M
CO

S
10-

o . ——————— , ——————— , ——————— , ——————— , ——————— ,

•

0 10 20 30 40 50
MOISTURE CONTENT (%)

DescnptionjBrowmsh Yellow FINE SAND trace silt

uses SP TECH|
DATE

CHECK]
REVIEW

TF
6/1/98

Colder Construction Services, Inc



RESISTIVITY OF SOIL
ASTM G-57 AND U S DOT FP-85

PROJECT TITLE
PROJECT NO
REMARKS

GSLJ 986-1083 ENVIROGEN/ IA
IC3-3808

SAMPLED)
SAMPLE TYPE
SAMPLE DEPT

GB 1 SA 10
Bag

450 48.0

SAMPLE PREPARATION
TEST APPARATUS

NoSieved through the #8 Sieve £^_______
Miller Soilbox and Nilsson 400 Soil Resistance Meter

Identification

SPECIMEN (Point)
RESISTIVITY (ohms-cm)
TEMP DEGREES (C)
RESISTIVITY @ 15 5 C (ohms-cm)

MOISTURE CONTENT
I

WET WEIGHT & TARE
DRY WEIGHT & TARE
TARE WEIGHT
WEIGHT OF MOISTURE (gm)
WEIGHT OF DRY SOIL (gm)
MOISTURE CONTENT ("/ )

SATURATED

1
6650
215
7648

2 3 4

49531
40613
5176
8918

35437
2517

50-, ——————————— , ———————————— , ———————————— , ————————————————————————

40 -
?
<J
M

sf 3°-
MPH ' • *)f\H C- 20 •
«3
»-H
COa

10 -

0 - ——————————— , ———————————— , ———————————— , ———————————— , ——————————— ,

•

0 10 20 30 40 50
MOISTURE CONTENT (•/ )

Descnphon|Browmsh Yellow FINE SAND little silt

uses SP-SM TECH
DATE

CHECK)
REVIEW

TF
61U98

Colder Construction Services, Inc



1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

RESISTIVITY OF SOIL
ASTM G-57 AND U S DOTFP-85

PROJECT TITLE GSL/ 9
PROJECT NO
REMARKS

SAMPLE PREPARATION
TEST APPARATUS

Identificati

SPEOMEr
RESBTTVl
TEMP DEC
RESISTTV1

MOISTUR]

WETWEH
DRY WEIC
TARE WE!
WEIGHT (
WEIGHT <
MOISTUR]

on

i (Point)
TY (ohms-cm)
JREES (C)
TY @ 15 5 C (ohi

E CONTENT

3HT&TARE
JHT&TARE
GET
)F MOISTURE (g
>F DRY SOH, (gn
E CONTENT (/)

^n .1

40 - ——
?
CJ

J= ^ 30 -e-g

ilE-I £ **(\
H H 20 -
M
55
£

10 - ——

0 - ——
0

Desc

86-1083 ENVIROGEN/ IA SAMPLE ID GB 1 SA IS
IC3-3808 SAMPLE TYPE Bag

SAMPLE DEPT 700 725

Sieved through the #8 Sieve No
Miller Soilboi and Nllsson 400 Soil Resistance Meter

SATURATED

1 2 3 4
5750
215

ns-cm) 6 613

53888
45722
5160

;m) 8166
a) 405 62

2013

I I

10 20 30 40 50
MOISTURE CONTENT ( / )

nption Brownish Yellow MEDIUM TO FINE SAND little
silt, trace fine gravel

USCS SP-SM TECH
BATE

CHECK
REVIEW

TF
f/1/98

C/»A—
flk'-lt

Golder Construction Services, Inc



I
Iron Bearing Fracture Fluid Preparation

I
1) 1 L water

2) Raise pH to 9 5 with basic solution

| 3) Stir water in blender without entraining air Slowly sprinkle 5 8 g Colder Bl and 0 12
g Golder-BEl into the water (to avoid lumps)

4) Mix slowly for 10 minutes

I 5) Drop mix pH to 6 5 with acidic solution

I 6) Mix without entraining air for at least 15 minutes

I
• 8) Add 5 ml Golder BC1 mix thoroughly without entraining air for a short duration until

I

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

I

I

I

I

I

I

7) Add 1900 g of Master Builder fine to medium iron Mixer speed should be increased
to maintain iron in suspension

mix is consistent

Notes

Revised 05/04/98
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S envirometal
technologies
me

Method Detection Limits (MDL)
Tests, Centerville, Iowa Site

Organic Compounds

Tetrachloroethene
Tnchloroethene
1 1 1-Tnchloroethane
Tnchloromethane
Dichloromethane
1 1-Dichloroethane
1 2 Dichloroethane
cis-1 2 Dichloroethene
trans 1 2 Dichloroethene
1 1 Dichloroethene
Vinyl Chloride

Inorganic Compounds

Calcium
Iron Total
Magnesium
Manganese
Potassium
Silica, Reactive
Sodium

Chloride
Sulphate

Alkalinity (as CaCO3)
Total Dissolved Solids

and Detection Limits (DL), Bench Scale

MDL (ug/L)

14
12
13
12
35
60
4 1
78
19
32
070

DL (mg/L)

005
001
005
0005
10
005
01

005
005

10
2

31425 10 T 2
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University of Waterloo

Treatabihty Test
Iowa

Column Distance (ft)
Residence Time (hr)

Column Identification
Column Composition
Pore Volume (PV)
Porosity
Column Length
Column Diameter
Row Velocity

00 008 016 033
00 10 19 40

251
100 / Granular Iron (UW#161)
260
046
1 64 ft (50 cm)
1 5 in (3 81 cm)
2 ft/day (61 cm/day )

0 50 0 66 10 13
60 79 120 157

1 6
197

PV RN Influent

PCE
6 a
10 a
16 a
21 a
31 a
38 b
43 b

TCE
6 a
10 a
16 a
21 a
31 a
38 b
43 b

111TCA
10 a
16 a
21 a
31 a
38 b
43 b

TCM
10 a
16 a
21 a
38 b
43 b

DCM
10 a
16 a
21 a

nd = not detected
na = not applicable
RN = reservoir number
HL = half life
r2 = coefficient of vanaton
BOLD= peak concentration

nd
1 1
nd

13
45
1 1
21

7428
7811
7324
7211
6850
5865
4730

nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd

nd
17
nd

2.4
11
nd
nd

416
321
280
227
199
217
231

nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd

nd
24

nd
10
10
nd
nd

124
141
99

131
76
53
40

nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd

nd
nd
nd
nd

10
nd
nd

nd
nd

44
nd

69
15
31

nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd

nd
nd
3
nd
nd
nd
nd

nd
nd

13
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd

Organic Concentration (ug/L)

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
2
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
nd
nd
nd
nd

nd
nd
nd
nd
nd

nd
nd
nd

Effluent

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

HL r2

04 0910
03 0 973
04 0 955
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University of Waterloo

Treatatxhty Test
Iowa

Column Distance (ft)
Residence Time (hr)

11DCA

12DCA

cDCE

tDCE

11DCE

PV

10
16
38
43

10
16
38
43

5
9
13
16
20
29
42

5
9
13
16
20
29
42

5
9
13
16
20
29
42

Column Identification
Column Composition
Pore Volume (PV)
Porosity
Column Length
Column Diameter
Flow Velocity

00
00

008
1 0

RN Influent

a
a
b
b

a
a
b
b

a
a
a
a
a
a
b

a
a
a
a
a
a
b

a
a
a
a
a
a
b

nd
nd
nd
nd

nd
nd
nd
nd

17
19
10
12
12
41
39

nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd

nd
nd
nd
nd

28
44
16
51
43
89
62

nd
nd
nd
nd
nd
nd
nd

23
nd
nd
nd
nd
nd
nd

016
1 9

033
40

251
100 / Granular Iron (UW#161)
260
046
1 64 ft (50 cm)
1 5 in (3 81 cm)
2 ft/day (61 cm/day )

050
60

066
79

1 0
120

Organic Concentration ( ug/L )

nd
nd
nd
nd

nd
nd
nd
nd i

11
28
11
28
32
64
44

nd
nd
nd
nd
nd
nd
nd

09
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd

nd
nd
nd
nd

08
75
68
86
71
24
15

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
71
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
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

1 3
157

1 6
197

Effluent HL r2

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
nd 11 0968
nd 130 991
nd 140 990

nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd
nd

nd = not detected
na = not applicable
RN = reservoir number
HL = half life
r2 = coefficient of variation
BOLD = peak concentration
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University of Waterloo

Treatability Test
Iowa

Column Distance (ft)
Residence Time (hr)

VC

PV RN

5 a
9 a
13 a
16 a
20 a
29 a
42 b

Column Identification
Column Composition
Pore Volume (PV)
Porosity
Column Length
Column Diameter
Flow Velocity

00
00

Influent

nd
nd
nd
nd
nd
nd
nd

008
1 0

016
1 9

033
40

251
100 / Granular Iron
260
046
1 64 ft (50 cm)
1 5 in (3 81 cm)
2 ft/day (61 cm/day )

050
60

066
79

1 0
120

Organic Concentration ( ug/L )

69
nd

32
nd
nd
nd
nd

1 1
nd
nd
nd
nd
nd
nd

33
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

(UW#161)

1 3
157

1 6
197

Effluent HL r2

nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd
nd
nd
nd

pH Along Column
pH •»

3 a
8 a
14 a
22 a
30 a
46 b

75
78
79
80
75
79

90
90
91
91
85
90

92
92
92
92
87
90

Redox Potential Along Column
Eh

nd =
na =
RN =
HL =

3 a
8 a
14 a
22 a
30 a
46 b

not detected
not applicable
; reservoir number
half life

374
384
391
249
404
305

0
-346
-407
-456
-381
-406

104
399
^05
-461
-373
372

9.2
93
93
92
90
91

(mV)

271
362
356

-485
-413
385

94
93
94
93
91
91

286
289

-358
-473
252

-424

96
95
93
93
95
92

261
231
382

-476
374

-426

98
96
94
96
96
92

29
292
386
-81
502

-430

91
96
98
95
na

96

64
337

-423
-483

na
520

101
98
99
99
98

100

71
116
192

-455
-466
523

i2 = coefficient of variation
BOLD= peak concentration

eof//
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Pioal

Water Samplee

Sample Id

DH-180 1/vFW/ff-
UK-181 «.-n7o*/n-co'2S/ "?/?/>»
Blank *"fi

QC Standard (found)
QC Standard (expected)
Repeat DW-lflO

Ag
ICAP
•q/^
<0 003

' <0 003
<0 003

0 024
0 030

<0 003

Al
ICAP
IKJ/JL

0 03
<0 03
<0 03

9 33
10 0

0 04

As
rcAp
xa/L

<0 1
<0 1
<0 1
1.1
1 0

<0 1

D
ICAP
raa/L

<0 01
0 23

<0 01
0 18
0 20
0 02

Ba
ICAP
W7/L

0 157
<0 005
<0 005

0 995
1 00
0 157

Be
ICAP
UT/&

<0 0005
<0 0005
cO 0005

0 979
1 00

<0 0005

Bi
ICAP
mq/L

<0 1
<0 1
<0 1
1 0
1 0

<0 1

Ca
ICAP
ocr/L

64 4
2 46

<0 05
49 7
51 0
64 3

3
*•.
»v

9
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PO ft*

Status. Final

Mo
ICAP

Sample Id

XJW-180 \r£\^*s?T
OTT-181 e^eol^S/, 3<?/>i/ AN
Blank
QC Standard (found)
QC Standard (expected)
Repeat UW-180

_jng/b

0•'B a
<o
i
i
0

01
09
01
05
10
01

Water Sanplea

Ha Ml P
ICAP ICAP ICAP
mcf/L

44 5
44 2
<0 1
49 7
50 0
44 4

mq/L

<0 02
<0 02
<0 02

0 95
1 00

<0 02

mcr/Ii

<0 1
<0 1
<0 1

2 0
2 0

<0 1

Pb
QPAAS

iaq^

<0
<0
<Q

0
0

<0

'L

001
001
001
024
025
001

8
ZCAP
svx/L

4
4-

<0
10
10

4

5
5
1
0
0
5

Sb
ICAP
BKT/L

<0 1
cO 1
<0 1

0 9
1 0

<0 1

Se
ICAP
BUT/Ii

<0 1
<0 1
<0 I

0 9
1 0

<0 1

2 5
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OH-lfil
BlanJk
QC Standard (3
QC Standard (<
Repeat TJW-180

Water Samples

NO2-M P04-3 Br- N03-N S04* pH Alk 6 3
SM 4110B SH 4110B SM 4110B SM 4110B 8M 4110B SM 4500B SM 232OB
mg/L va/L nq/L mq/L mg/L pB Onita mg CaC03/L

<0 1
>l 3'̂ /v £rt& <0 1

<0 1
ound) 0 9
ixpected) 1 0

<0 1

<0
<0
<0
3
3
<0

5
5
5
7
7
5

<0
<0
<0
0
0
<0

5
5
5
5
6
5

0
<0
<0
3
3
0

6
2
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3
0
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<0
6
6
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00
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9
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Statue i Final

Water Samples

S Alk 42 NH3-M DOC Th TDB pRs
SM 2320B SK 4500R SK 5310C Calc Calc

Sazrole Id m CaCO3/L mr/L nur/L ma/L nE Units

[VI
CE

S 
CO

RP
OR

AT
ION TJW-180 iorri^«yTT"

UW-181 e£T( 0\ i£<, 3' ?|0i/ fo*&
Blank
QC Standard (found)
QC Standard (expected)
Repeat UN- 180

325
76

240
250
321

0 02
0 12

<D 02
0 29
0 30
0 02

0
1

<0
5
5
0

6
6
2
4
0
7

339
113

2
277
284
33 S

7
9

12
7
7
7

,11
61
37
34
15

CAB
Calc

1
•2
-1
-4
-3

0

Hard (Calc)
SM 234CB

ing CaCQ3/L
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33
46
62
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7 4
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Final

ato>u>

Water Samples

Sample Id

C03=
Calo

ma/L

HC03-
Cale

nW/n

L I
Cole

None

A I
Calc
None

R S I
Calc

Colour
SM 2120B

TOT

Turb
SM 2330B

KTTJ

Sp Good
SM 2510B
Vinhos/Cn

TJW-1BO
UW-181
Blank
QC Standard (found)
QC Standard (expected)
Repeat TM-1BO

1
0

nan
75
75

nan.

393 9
93 7
nan
0 0
0 6
nan

1 0
0.6
nan
1 7
1 7
uan

13 06
12 51
nan

13 67
13 64
nan

6 1
a s
nan
5 7
5 7
nan

cl
10
10

0 5
0 5

<0 1
1 8
1 8

216
<1

693
718
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All vorX recorded herein baa been done in accordance with normal
professional standards using accepted testing methodologies and QA/QC
procedures Philip Analytical ie limited in liability to the actual
cost of the pertinent analyses done Your samples will be retained by
PASC for a period of 30 days following reporting or as per specific
contractual arrangements
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| JlsL-ld-1998 16 19 FROM ENU1ROGEN INC TO WR P 0* J

I KNVlltOCEN i Pnnccton Research Ccattr
AMK^M— ft uiuf |>*M*k>lltv Laborvtonc*. 41 00 Quakerbndec Read

1

1 Lab ID '
SfcnetelD

1
| Pervadar

I CUondeO) ,
NknteuN i
NkntouN i

^ &dfe.«sO*
1 ABnlmtyMCaCp? j

1 rr~ ————— ' ——
Medwo<2) I

| BtaoeeZ) I
BfeocO)

1 ^ Ptofegiol OKygeo Demand

Lowrenceville, New Jersev 08648
Tel 609/936 9300
Fa* 609/936-922)

*l*Yl'7 nl rv^r* jinrn^MfMl K/^A/^fl

^^"^ 2 SI TufhKH* j Matrix >J^J

i

PracticalConcentration Units •«••«•••w«uwwiv/> v««* QHtmti**1** Unit
Ml

\S mg/L <02
0 7 mg/L <0 2
u rog/L <0.2
13 mjA. <20

260 utf/L <20
i40 mg/L <2
5 1 ojfi/L <2 0

0002 m« .̂ <0002
! 0002 rag/L <0002

v mg/L <0 002
J jng^- <2

Chcmad O*yg» Paaaad(l^ppliad> u in{/L <10

PbMpt«l.,t«llMP |

1

| 1 —————————
j

1

I I
Bnfragm NfDBf etnyiat Ub ID

n mg/U v <0 0$

i u me/L <0 01

/^^
Alien F Tbwtsu

Lattorntmy Director

z/oe»;

J

ft^ Method

1 300
1 300
1 900*

10 300
10 310
1 130
1 34500--
1 8015
1 8015
1 8015
1 405
1 410
I 365
1 376.

*

t>«t*

I gfAfer cwOaMr or « ctrtUM ponmrftr nottr &* HfD^f lob etrtficenim pro from.

1

| 900© 1X3 tf l XNI SV39 8iC2 C9i 6TS T YVJ

t

n ST Q3M 86/62
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1
1
1
1
1
1

JW--14-1996 16 20 FMJ1 ENUIROC3EN INC TO HUR P ES

IPMVnfeQfilEftff fflPCdOTt K^rtPHfCQWGih^

i LAwrencsville, Vew Jersa^ 0864^
Tel 609/936 9300

v Fax 609/936-9221

LAID 23L7-02 Dale JUmlved 6^<V98
SnfdelD ^^lirEflhiMr^ Mmnx A&

1

Pftoctfcol pilirfyff/i
P^nnM^ &«cr«««f«>n f/«to Q^Mn^n Limi f^F

 MaM

Cbtondo(l) $2 mfi/L <°2
Ktan M N v IOJ/L <0 2
NAritftasN 02 mgA. <02
Suite* M SOt J7 EOB/L <2.0

——————————— H- ————————————— • —————————————— —————— • ——————
Thrtontt as CaCe? (1 appbed) dO <i\j/L <2
Ctibeo DiMida(2) u mg/L <2
>d<dBM*(2) 0002 rog/L <0002
E&Bne(2) 0020 m;/L <0002
ifime^Z) ' 0014 mf/L <0 OOZ
Solopcal Oayi«a Pnoaind 6 ag/L ^2

rii^itrn! OKygj» Pen^id<l.afylied) u nic/L <10
PtKXfAai. U««P u mr/I <005
Mfitea Vl««« u m^L <ODI

1 300
1 300
1 300

10 300
10 310
1 130
} 5*500-

1 8015
1 80IS
t 8015
t 40$
1 410
1 365
1 v 376

ATJ<m F Thwnu
laboratory Dnvctar

rtJ MM fUferfd* ExviTogm Certified perionaleri under Iht WDEP tab LeftffkuitM program.
(i) Ms* B»aiiAfc o> 4 centred parameter vrtrr iftt NIDEP lab efft^caiion pntgram.
ftj Cctnpvmiai net dettatd above jw«W dtieaum Km*

P 05

iOO® IIH 9 1 INI HV§§ BIS T ivj
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(71- RECRA
• [£& LabNet
a division ofRecra Environmental Inc
Virtual Laboratories Everywhere

Ms Jennifer Whitney
Envirogen
7707 Rickle Road
Loosing, MI 48917

RE Cooper Analytical Report

Dear Ms Whitney

The enclosed analytical report is
any questions please contact me

Enclosures

Approved By

^A^^^xrn
\-"x^ Vice President *

X

Julyl 1998

for the project and lot number listed above If you have
at 708-534-5200 \

Sincerely

Recra LabNet - Chicago

/^J^JLuu^ Q c LMtuxy
Jeffi-ey A. James
Project Manager >

The itsutta presented m ihu report relate only to the analyucal testing and coodiuofB of cample at receipt This report pertains to only
tbooe samples ocnuJIy tested All pages of thu report are integral pans oflhc analytical data. Tbcrofbre, ihte report should be reproduced
ouly m its entirety

241 7 Bond Street UnlvereHy Park IL 60466-31 82 (708)534-5200 Fax (708) 534-521 1 *, _,Vz£ /.TS N3ooy i riN3/ani-i woaj



Dote
Time

06/25/98
16 51 54

RECRA LABNET UNIVERSITY PARK ,
/ SAMPLE CHRONOLOGY

R pt
Page

AW0374
1

FR
O

M

EPA 8260 25 ML PURGE VOAS

Client Sample 10
Job No & Lab Sample ID

Sample Date
Received Date
Extraction Date
Analysis Date
Extraction HT Met?
Analytical HT Met?
Sample Matrix
Dilution Factor
Sample wt/vol
X Dry

251 EFFLUENT
P98 1515 P6131502

06/15/98 13 00
06/19/98 09 35

06/22/98 22 15

YES
WATER
1 0
D 025 LITERS

251 INFLUENT
P98 1315 P8131501

06/15/98 13 DO
06/19/98 09 35

06/22/98 22 47

YES
WATER
100 0
0 025 LITERS

TRIP BLANK
P98 1315 P813150J

06/15/98
06/19/98 09 35

06/22/98 21 43

YES
MATER
1 0
0 025 LITERS

<nH-j
u

a

HA Hot Applicable Ree a LabMet



Date 06/25/98
Tin* 16 51 b4

RECRA LABNET UMIVERS1TY PARK
QC SAMPLE CHR01010GY

Kept ANOJ74 J8
Page 2 §

EPA 8260 25 HI ftjRGE VOAS

Client Sample ID
Job No & Lab Sample ID

Sample Date
Received Date
Extraction Date
Analysis Date
Extraction HT Met?
Analytical HT Met'
Sample Matrix
Dilution Factor
Sample wt/vol
% Dry

LCS2Z
P9B 1315 P8131505

06/22/98 19 37

WATER
1 0
0 025 LITERS

Method Blank<V8LK22)
P98 (315 P8131504

06/22/98 21 U

UATER
t 0
0 025 LITERS

01

8w

st01

NA Not Applicable Recra LabNet



Date 06/25/98 I« 49
Jobno P98 1315

REC8A LABNET UNIVERSITY PARK
SAMPLE CHRONOLOGY /

Kept AN03

Lab 10

P813150Z
P6131501

San\p(e ID

Z51 EFFLUEHT
251 INfLUEHl

Units

HG/L
MQ/l

Analyte

Iron total
I ran Total

Method

200 7
200 7

Dilution
Factor

1 09
1 00

Sample
Date

06/15/95 13 00
06/15/98 13 00

Receive
Date

06/19 09 35
06/19 09 35

TCIP
Date

HA
NA

THT

NA
MA

Analyst's
Date

06/23
06/23

AHT

res
Yes

Matr ?

WAfE' 0
VATEIfii

7.

8a

IS
0)

8
CO

Itinui

AMI Analysts Holdfng rime Net
THI TCLP Holding Time Met
NA = Not Applicable

Recra LabNet



Date 06/Z5/98 16 49
Jobno P90 1315

RECRA LABNEI UNIVERSITY PARK
QC CHRONOLOGY

Kept AH03<'.

Lab ID

P8B017230Z
P8B0172301

Sample ID

Matrix Spike Blank
Method Blank

Units

KG/L
MG/L

Analyte

Iron Total
Iron Total

Method

200 7
200 7

Dilution
factor

1 00
I 00

Sample
Date

Receive
Date

0935
0935

TCLP
Date

«A
NA

TMT

NA
NA

Analysis
Date

06/23
06/23

AHT

Yes
Yes

Matrf

MATER
WATER

in•-•̂i
w

w
0)

ainin

AHT Analysis Holding Tine Met
THT TCLP Holding Time Met
MA ' Not Applicable

Recra LabNet

K
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Date 06/25/9B
Tiae 09 00 55

Saofjlo

Sample ID 251 INFLUENT
Lab ID P8131501

Date Collected 06/15/98
Tine Collected 13 00

Parameter
EPA 8260 (25 ML PURGE) VOAS

Benzene
Broaodichlororoe thane
Dicftlorodifluorone thane
Bronoforn
Brononethene
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chlorome thane
DibcoMchlorone thane
1 2 Dichlorobenzene
1 3 Diehlorobenzene
1 4-Df chlorobenzene
1 1 Di chloroethane
1 2 Dfchloroethane
1 1 Dichloroethene
cfs 1 2 Dfchloroethene
trane 1 2 Dichloroethene
1 2 Dichloropropane
cis 1 3 Dichloropropene
trane 1 3 Dichloropropene
Ethylbenzene
Methylene chloride
Styrene «
1 1 1 2 Tetrachloroethane
1 1 2 2 Tetrachloroethane
Tet rach I or oethene
Tr i ch I orof I uorome thane
123 Trichloropropane
Toluene
1 1 1 Trfcht or oe thane
112 Trichloroethane
Trichloroe there
Vinyl chlorfde
1 3 Dichloropropene
2 2 Dichloropropane
1 2 Dibromo 3 chloropropane
1 2 Dibronoethane
Bronoch loroaethene
Dibronomethane
1 1 Dichloropropene
m/p Xytenes
o Xylene
1 2 3 Trichlorobenzene
124 TrichLorobenzene
124 T rime thy I benzene
1 3 5 Trinethy I benzene
Bromobenzene
Hexachlorobutad en*
T£/60 d TSS» 80 fl &Z-UZ 3B61

Recra Lahnet university park
Envi rogeo

Sumary Excluding Internal Standards/Surrogates
ftecre LebNet

Result

<50
<50
<50
<50
<100
<50
<50
<50
<50
<SO
<50
<50
<50
<50
<50
<50
<50
<50
<50
<SO
<50
<SO
<SO
<100
<50
<50
<50
<50
<50
<SO
<50
<50
<50
3500
<50
<100
<100
<100
<50
<100
<100
<500
<50
<50
<50
<50
<50
<50
<50

[

Detection
Elag Limit Unfte

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

U
U
U
U
U
U
U
U
(J
U
U
U
U
U
U

TT26

50
so
so
50
100
50
so
50
50
50
50
50
50
50
50
50
SO
50
50
50
50
50
50
100
50
50
50
50
50
50
50
50
50
50
50
100
100
100
so
100
100
500
50
50
50
50
50
50
50

222 ATS

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UC/L
UG/L
UG/L
UC/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UC/L
UG/L
UG/L
UG/L
UG/L

Paaei
Reptt

Date Received 06/19/98
Project No PA8A7515
Client No L80259
P 0 No

i Method

8260/25NL
8260/25M.
8260/2SNL
8260/25ML
8260/25NL
B260/25NL
8260/25ML
8260/25HL
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25HL
8260/25ML
8260/25ML
8260/25ML
8260/2SNL
8260/25ML
8260/25ML
8260/25NL
8260/25NL
8260/25NL
8260/25W.
8260/25ML
8260/2SNL
8260/2SNL
8260/25ML
8260/25NL
8260/25ML
8260/25ML
8260/25ML
826Q/25M1.
8260/25ML
8260/25ML
8260/25NL
8260/25ML
8260/25ML
8260/25HL
8260/25KL
8260/25NL
8260/25ML
8260/25NL
8260/25HL
8260/25ML
8260/25NL
8260/25HL
8260/2SML
6260/25ML
8260/Z5ML

1
AN1010
\

Pete/Tine
Analyzed Analyst

06/22/9822 C7
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/982247
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822:47
06/22/9822:47
06/22/9822 47

JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JKB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JftB
JRB
JRB

06/22/9822 47̂  JRB
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47
06/22/9822 47

NBOoa i riN3/anw

JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JftS
m^
JRB
JR9
JRB
JRB
JRB
JRB
JRB
JRB
JftB
JRB
JR3
JRB
JBR

woaj
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I
I
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I
I
I
I
I
I
I
I
I
I

Date 06/25/98
Time 09 00 55

Racra Labnet University Park
Envirooen

Sample Surmary Excluding Internal Standards/Surrogates
Recra LabHet

Page
ftept ANIOH

Sample ID 251 INFLUENT
Lab ID P8131501

Date Collected 06/15/98
Tine Collected 13 00

Parameter
I sopropy I benzene
n Butylbenzene
n Propylbenzene
Naphthalene
o Cnlorotoluene
p Chlorotoluene
p Cymene
sec Butylbenzene
tert Butylbenzene

Date Received 06/19/98
Project No PA8A7515
Client No L802S9 ̂
P 0 No

Result
<50
<50
<50

<100
<50
<50
<50
<50
<50

Flftfl
U
U
U
U
U
U
U
U
U

Detection
Limit
50
50
50
100
50
50
50
50
50

units
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

Method
8260/25*4.
8260/25ML
8260/2SML
8260/25ML
8260/25ML
8260/2SML
8260/2SML
8260/25ML
8260/25HL

Date/Time
Analyzed

06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822

Analvst
47
47
47
47
47
47

06/22/9822847
06/22/9822
06/22/9822

47
47

JRB
JRB
JRB
JOB
JRB
JRB
JRB
JRB
JRB

Metals Analysis
Iron Total 0 98 0 050 MG/L 200 7 06/23/98 MLC

TE/0T d TSS» 60 866T ITCS SEC N3soaiANB/anw woaJ
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I
I
I
I
I
I
I
I
I
I
I
I
I
I

Date 06/25/98 Recra Labnet University Park
Tine 09 00 55 Envirogen

Sanple Summary Excluding Internal standards/Surrogates
Recra LabMet

Sanple ID 251 EFFLUENT
Lab ID P8131502

Date Collected 06/15/98
Time Collected 13 00

Parameter
EPA 8260 (25 ML PURGE) VOAS

Benzene
Brcnadich lorona thane
D i eh 1 orodi f I uoroaethane
Bronoforo
Brommethane
Carbon Tetrechloride
Chlorobenzene
Chloroethane
Chloroform
Ch I or one thane
P ibroraochlororae thane
1 2 Di chlorobenzene
1 3 Diehlorobanzene
1 4 Oichlorobenzene
1 1 Oi chloreethane
1,2 Dfchtoroethene
1 1 Dlchloroethene
cis 1 2 Dlchloroethene
trans 1 2 Dichloroethene
1 2 Dichloropropane
cis 1 3 Dlchloropropene
trans 1 3 Dlchloropropene
Ethylbenzene
Methylene chloride
Styrene
1 1 1 2 Tetrachloroethana
1 1 2 2 Tetrach lore* thane
Tetrachloroethene
Tr i eh lorof luoronethane
123 Trlchloropropene
Toluene
1 1 1 Trichloreethen*
1 1 2 Trichloroethane
Trichloroethene
Vinyl chloride
1 3 Dfchloropropane
2 2 Dichloropropane
1 2 Pibrono-3 cMoropropane
1 2 DlbroBMtftane
Bromoeh loroowthane
Dibrorowethane
1 1 Dlchloropropene
n/p Xylenes
o Xytene
123 Trfchlorobenzene
124 Triehlorobenzene
126 TnowthylbenzcAC
1 3 5 Trfnethy 1 benzene
Bromobenzene
Hexech lorobotedi ene
TE/TT d TSStt 60 frT 62-i0 866 T

Result

<0 50
<0
<0
<0
<1
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
2
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<1
<1
<1
<0
<1
<1
<5
<0
<0
<0
<0
<0
<0
<0

50
50
50
0
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
1
50
50
50
50
50
50
50
50
50
50
50
0
0
0
50
0
0
0
50
50
50
50
50
50
50
-

Detection
flag Limit

U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

IT£6

0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1
1
1
0
1
1
5
0
0
0
0
0
0
0

ZZ.Z L1S

Page
Rept

J

Date Received 06/19/98
Project NO PA8A751S
Client No L80259
P 0 No

uni ts Method

3
AN1010

Date/Time
^Analyzed Analyst

50
50
50
50
0
50
50
50
50
50
50
50
50
50
50
50
50
50
SO
50
50
50
50
0
so"
50
50
50
SO
50
50
50
50
50
50
0
0
0
50
0
0
0
50
50
50
50
50
50
50

UC/L
UG/L
UG/L
UC/L
UC/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UC/L
UG/L
UG/L
UG/L
UC/L~
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UC/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UC/L
UG/L
UG/L
UG/L
UG/L

8260/25ML
8260/25ML
8260/25ML
B260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
B260/25ML
8260/25KL
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25KL
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25NL
8260/2SML
8260/25KL
8260/25KL
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML

06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822.
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822

15
15
15
15
15
15
15
15
15
15
15
15
• 15*
15
15
15
15
15
15
15

06/22/9822.15
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822
06/22/9822

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Nasoa i nN3/anw

JRB
JRB
JRB
JRB
JRB
JRB
JRB
JBB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
MB
JRft,
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB

-JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRBX

JRB
MO&d



1
1
1
1
1
1
1
1
1
1

*>1
1
1
1
1
1
1
1
1

Pate 06/25/98
Tim OPlOO 55

Sample ID 251 EFFLUENT
Lab 10 P8131502

Date Collected 06/15/98
Time Collected 13 00

Parameter
Isopropylbenzene
n Butylbenzene
n-Propylbenzene
Naphthalene
o Chlorotoluene
p Chlorotoluene
p Cymene
sec Butylbenzene
tert Butylbenzene

Metals Analysis
Iron Total

v

*

IZ/Z1 d TSStt S0 t7T

Recra Labnet university Park Page '
Envirogen Rept AW101I

Saople Sunmary Excluding Internal Standards/Surrogates
Recra LabNet

Dat» Received 06/19/98
Project No PA8A7515
Cliant No 180259
P 0 No

Detection Date/Tine
Result Flan Limit Units Method Analyzed Analyst
<0 50 U 0 50 UC/L 8260/25ML 06/22/9822 15 JRB
<0 50 U 0 SO UC/L 8260/25ML 06/22/9822 15 JRB
<0 50 U 0 50 U6/L B260/25ML 06/22/9822 15 JRB
<1 0 U 10 UG/L 8260/2SML 06/22/9822 15 JRB
<0 50 U 0 50 UC/L 8260/25N1 06/22/9822 15 JRB
<0 50 U 0 50 UC/L 8260/25ML 06/22/9822 15 JRB
<0 50 U 0 SO UG/L B260/25NL 06/22/9822 15 JftB
<0 50 U 0 50 UQ/L B260/25ML 06/22/9822 15 JRB
<0 50 U 0 50 UG/L 8260/25NL 06/22/9822 1? JRB

<0 050 U 0 050 MC/L 200 7 06/23/98 MLG

^

J

62-2.0 86ST TT£6 2S£ its



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Date 06/25/96 Recra Lebnet University Park
Tine 09 00 55 Envirogan

Soup I « Sunnary Excluding Internal Standards/Surrogates
Recra LabNat

Sample ID TRIP BLANK
Lab ID P8131503

Data Col lected 06/15/98
Tine Collected

Parameter
6PA 8260 125 ML PURGE) VCAS

Benzene
BroBoodi ch t orotiethane
0 1 ch 1 orodi f luorome thane
Bronaform
Branonethane
Carbon Tetrachlorfde
Chlorobenzene
Chloroethane
Chlorofora
Chlorctnethane
0 1 bromoch loronethane
2 Di chlorobenzene
3 Oi chlorobenzene
4 Di chlorobenzene
1 Dfchloroethene
2 Dichloroeihane

1 1 Dichtoroethane
cis 1 2-Ofchloroethene
tran* 1 2 Dtchloroethene
1 2 Dichloropropane
cie 1 3 Dichloropropene
trails 1 3 Dichloropropene
Ethylbenzene
Methylene chloride
Styrene
1 1 1 2 Tetrachloroethana
1 1 2 2 Tetrachloroethane
Tetrach loroethene
TrfchlorofluoronethBne
123 Trichloropropene
Toluene
1 1 1 Trichloroethane
112 Trichloroethane
Trichloroethena
Vinyl chloride
1 3 Dichloropropane
2 2 Dichloropropane
1 2 Dibrono 3 chloropropane
1 2 Dibrgmethane
Bronoch 1 oronethene
Dibronomethane
1 1 Dichloropropene
n/p Xylenes
o Xylene
1 2 3 Trfchlorobenzane
1,2 4 Trl chlorobenzene
1 2 4 Trinethylbenzene
1 3 5 Trinethylbenzene
Branobenzene

T£/£T d TSStt 60 frT 62-̂ .0 S66T

Result

<0
<0
<0
<0
<1
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<1
<0
<0
<0
<0
<0
<0
•O
<0
<0
<0
<0
<1
<1
<1
<0
<1
<1
<5
<0
<0
<0
<0
<0
<0

50
50
50
50
0
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
SO
0
50
50
50
50
50
50
50
50
50
50
50
0
0
0
50
0
0
0
50
50
50
50
50
50

<0 50

Detection
Flag Limit

U
U
U
U
U
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u

IT£6 ZZ£ L.

0 50
0 50
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1
1
1
0
1
1
5
0
0
0
0
0
0
0

50
50
0
so
50
so
50
50
50
50
so
50
50
50
50
50
50
50
50
50
50
0
50
50
50
50
50
50
50
50
50
50
50
0
0
0
50
0
0
0
50
50
50
50
50
SO
50

Page
Rept

Date Received 06/19/98
Project Mo PA8A7315
Client Wo L80259
9 0 No

Unifp Method

UG/L
UC/L
UC/L
UG/L
UC/L
UC/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
nr/i

8260/25ML
8260/25NL
8260/25ML
8260/25ML
8260/25NL
8260/25M.
8260/25NL
8260/25NL
8260/25NL
8260/2SHL
8260/25NL
8260/25ML
8260/25KL
8260/25ML
8260/25NL
8260/2510.
8260/25HL
8260/25ML
8260/25HL
8260/25ML
8260/25ML
8260/25HL
8260/25ML
8260/25ML
8260/25ML
8260/25HL
8260/2SNL
8260/25HL
8260/25ML
8260/25HL
8260/25HL
8260/25M.
8260/25ML
8260/25ML
8260/2SML
8260/25HL
8260/25HL
8260/25 «L
8260/25KL
8260/25ML
8260/2SML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25HL
8260/Z5ML
8260/25NL
B71A/1 •<*

AN101C

Date/Time
Analysed Analyst

06/22/9821
06/22/9821
06/22/9821
06/72/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/2Z/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
,. — —

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
«.
43
43
43
43
43
a
43
43
43
43
43
43
43
43
a
43
43
43
43
43
43
43
43
-

t s N3ooa i nNB/anw

JRB
JRB
JRB
JR6
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB

»JR0
JRB
JRS
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JHB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
Aft

woaj



• ' 7

1
1
1

1

1
1
7

\
1
1
1
1
1
1
1
1
1
1
1

Data 06/25/98
Tine 09 00 55

Sanple ID TRIP BLANK
Lab ID P8131S03

Data Collected 06/15/98
Tine Collected

Parameter
I sopropylbonzene
n Butylbetttene
n Propylbenzana
Naphtholene
o- Ch I oro toluene
p-Chloroteluene
p Cymne
sec Butyl benzene
tert Btitylbwuene

TC/fl d TSS8 0t frT

Recra Labnet University Park Page (
Envfrogen Rept AN10K

Sample Sunwary Excluding Internal Standards/Surrogetes
Recra LabHet

Date Received 06/19/98
Project No PA8A7515
Client Wo L80259
P 0 Wo

Detection Dote/Time
Result £lag Limit Unite Method Analyzed Analyst
<0 50 U 0 50 UG/L 8260/25ML 06722/9821 43 Jta
<0 50 U 0 50 UG/L 8260/2SHL 06/22/9821 43 JRB
<0 50 U 0 50 UG/L 8260/25NL 06/22/9821 43 JRB
<1 0 U 10 UO/L 8260/25ML 06/22/9821 43 JRB
<0 SO U 0 SO UG/L 8260/25NL 06/22/9821 43 JR8
<0 50 U 0 50 UG/L 8260/25NL 06/22/9821 43 JRB
<0 50 U 0 50 UG/L 8260/25ML 06/22/9821 43 JRB
<0 SO U 0 50 UG/L 8260/25NL 06/22/9821 43 JRB
<0 50 U 0 50 UG/L 8260/25ML 06/22/9821 43 JRB

J

J

TT_C .,__ .TC, N3OOM i nN3/anw woad
GZ-iM 3&61 I li-b tf-iii. i-t=>



I
I

V

I
1
I
I
I
I
I
I

Date 06/25/98 Recra Labnet Unfveraity Park
Tine 09 00 55 Envirogen

Sample Surma ry Excluding Internal Standards/Surrogates
Recra Labttet

sawple ID Method Blank(VBLK22)
Lab IP P8131504

Date Collected
Time Collected

Parameter
6PA 8260 (25 ML PURGE) VQAS

Benzene
Broaodichloromethane
D ich lorodi f luororoathane
Bromofora
BroBonethene
Carbon Tatrachlonde
Chlorobenzene
Chloroe thane
Chloroform
Chloronethane
DibronochloroBMthane
1 2 DichlorobenzeiM
1 3 Dichlorobenzene
1 4 Oi Chlorobenzene
1 1 Dfchloroethane
1 2 Dlchloroethane
1 1 Dichloroethene
cis 1 2 Dichloroethena
trans 1 2 Dichloroethene
1 2 Diehloropropane
els 1 3 Dichloropropene
trans- 1 3 Dichloropropene
Ethyl benzene
Methylene chloride
Styrene
1 1 1 2 Tetrachloroethane
112 2-Tetrachloroethane
Tetrach I oroethene
Tr i ch 1 orof luorone thane
1 2 3 Tr i chloropropane
Toluene
111 Trichloroethane
112 Trichloroathane
Tnchloroethene
Vinyl chloride
1 3 Dichloropropene
2 2 Di chloropropane
1 2 Dibrono 3 chloropropane
1 2 Dfbronoethane
Bromoch I oromethane
D i broomne thane
1 1 Dichloropropene
m/p Xylenes
o Xylerw
123 Trichlorobenzene
124 Tn Chlorobenzene
124 Trinethy I benzene
1 3 5 Triraethylbenzene
Bromobenzene

T£/5T d TSSB 0T f T &Z-U& 866T

Result

<0
<0

50
50

<0 50
<0 50
<1 0
<0 50
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<1
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<0
<1
<1
<1
<0
<1
<1
<5
<0
<0
<0
<0
<0

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
0
50
50
50
50
50
50
50
50
50
50
50
0
0
0
50
0
0
0
50
50
50
50
50

<0 50
<0 50

1

Detection
„ Flaa Limit

U
U
U
U
U
U
U
U
U
U
U
V
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

ET£6

0 50
0 50
0 50
0 50
1
0
0

0
50
50

0 50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1
1
1
0
1
1
5
0
0
0

50
50
50
50
50
50
50
SO
50
50
50
50
50
50
50
0
50
50
50
50
50
50
50
50
50
50
50
0
0
0
50
0
0
0
50
50
50

0 50
0 50
0 50
0 SO

ZZZ L1S

Page
Rapt

J
Date Received

Project No PA8A7515
Client Ho L80259
P 0 No

Units Method

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UC/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UC/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGA
UG/L
UQ/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/t
UG/L
UG/L
nr/i

8260/25ML
8260/25NL
8260/25ML
8260/2SML
8260/25ML
8260/25KL
8260/25ML
8260/25ML
8260/25NL
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25HL
8260/25ML
8260/25NL
8260/25KL
B260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25NL
8260/25ML
8260/25ML
B260/25NL
8260/25ML
8260/25ML
8260/25ML
8260/25NL
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
8260/25ML
6260/25ML
8260/25HL
8260/25ML
8260/25KL
8260/25ML
man u

N3E

AN10K

D»te/Tin»
Analyzed Analyst

06/22/9821 12
06/22/9821112
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9621
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821

12
12
12
12
12
12
12
12
12
12
12
12
13>
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

JRB
JRB
• JRB
JAB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
Jftfi
JKB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB
J88
JRB
JRB
JRB
JfcB
JRB
JRB
JRB
JAB
JAB
JRB
JRB
JRB
JRB
JRB
JRB

12 JJftB
12
12

06/22/9821] 12
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
06/22/9821
/» — — -
ioa i r>N3/ar

12
12
12
12
12
12
12

TW

JRB
JH3
JRB
JRB
JRB
JRB
JRB
JRB
JftB
JRB

woad



1
1
1
11
1
1
1
1
1
1
1
1
1
1
1
1

'/\
1

Date 06/25/98
Tine 09 00 55

Satple Iff Method Blenk(VBLK22)
Lab ID P8131504

Oate Collected
Tim Collected

Parameter
Isopropylbeniene
n Butyl benzene
n Propylbenzene
Naphthalene
o Chlorototuene
p Chlorototuene
p Cyaene
sec Butylbenzene
tert Butylbenzene

V

f

IC/3T d TSStt 0T trT GZ-l

*

Recra Labnet University Park Page <
Envirogen Rept AN10K

Sample Sienery Excluding Internal Standards/Surrogates
Recra LebNet

Date Received
Project No PA8A751S
Client No L80259
P 0 No

Detection Date/Tine
Result Flea Limit Unite Method Analyzed Andtvst
<0 50 U 0 50 UG/L 8260/25ML 06/22/9821 12 JftB
<0 50 U 0 50 UG/L 8260/25ML 06/22/9821 12 JRB
<0 50 U 0 50 UG/L 8260/25ML 06/22/9821 12 JRB
<1 0 U 10 UG/L 8260/25M1 06/22A9821 12 JRB
<0 50 U 0 50 UG/L 8260/25NL 06/22/9821 12 JRB
<0 SO U 0 50 UG/L 8260/25ML 06/22/9821 12 JRB
<0 50 U 0 50 UG/L 8260/25NL 06/22/9821 12 JRB
<0 50 U 0 50 UG/L 8260/25NL 06/22/9821 12 JRB
<0 50 U 0 50 US/L 8260/25ML 06/22/9821 12 JRB

"*

-

JZ SS6T TT£S ZZZ. itS N



I
I
I
I

1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Data 06/25/98
Time 09 00 55

Sanple ID LCS22
Lab 10 P813150S

Date Collected
True Collected

Parameter
EPA 8260 (25 ML PURGE) VOAS

Benzene
B r oreod i ch 1 o rome thane
D i ch 1 orodi f 1 uoronethane
BroRoform
BrornoM thane
Carbon Tetrad) I or ide
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
D i bromoch loromathane
2 Oi chlorobenzene
3 Di chlorobenzene
4 Dichlorobenzen*
1 Dichloroethane
2 0( chlorocthane
1 Dichloroethene

cis 1 2 Dichloroethene
trans 1 2 Dichloroethene
1 2 DichJoropropane
cis 1 3 DicMorgpropene
trans 1 3 Dlchloropropene
Ethylbanzene
Methylene chloride
Styrena
1 1 1 2 Tetraehloroe thane
1 1 2 2 Tetrachloroethana
Tetrach loroetherte
Tr i ch 1 orof ( uoronethene
123 Trfchloropropane
Toluene
111 Tnchloroethene
112 Trichloroethane
Trfchloroethene
Vinyl chloride
1 3 Oichloropropane
2 2 0 1 ch loropropane
1 2 Dtbrorao 3 ch loropropane
1 Z Dibromoe thane
B r oooch I oromethane
Dibronomethane
1 1 Dichloropropena
n/p Xylenes
o Xylene
123 Tnchlorobenzene
124 Tnchlorohenz,«ne
1 2 4 Trimethylbenzene
1 3 5 Trlmethylbenzene
Bromobenzene
IE/AT d TSStt 01 *T

Reera Labnet University Park
Envirogen

Sample Sunmary Excluding
Recra

Result

11
10
9 9
10
11
10
11
11
10
9 2
11
11
10
11
11
11
10
11
10
11
11
11
11
8 7,.
11
11
12
11
10
12
11
10
11
10
11
11
10
12
11
11
11
11
22
11
11
10
10
11
11

6S-iO 866T

Pagt
Rapt ANIOli

Internal Standards/Surrogates
LabNet

Detection
Flag Lfmit

0 50
0 50
0 50
0 50
1 0
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
1 0
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
0 50
1 0
1 0
1 0
0 50
1 0
1 0
5 0
0 50
0 50
0 50
0 50
0 50
0 50
n c/*

TT£6 ZZZ Z.TS

Date Received
Project No PA8A7515
Client Ho L80259
P 0 Mo

Date/Tim
Units Method Analyzed Analyst

UG/L B260/25XL 06/22/981937 JRB
UG/L 8260/25NL 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 6260/25NL 06/22/981937 JRB
UC/L 8260/25HL 06/22/9819 37 JRB
UG/L 8260/25NL 06/22/9819 37 JRB
UG/L 8260/25HL 06/22/981937 JRB
UG/L 8260/25NL 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819:37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25KL 06/22/9819 37 JRB
UG/L 8260/2SNL 06/22/981937 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25NL 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/981937 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/l 8260/2SNL 06/22/9819:37 JRB
UG/L 8260/25ML 06/22/981937 JRB
UG/L 8260/25ML 06/22/9819 37 JBB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25HL 06/22/9819 37 JRB
UG/L 8260/25NL 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/2SNL 06/22/9819 37>JRB
UG/L 8260/25NL 06/22/9819 37 JRB
UG/L 8260/25m. 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25NL 06/22/981937 JBB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25NL 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25HL 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9619 37 JR8
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25HL 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25111 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L B260/25ML 06/22/9819 37 JOB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB
UG/L 8260/25HL 06/22/9819 37 JRB
UG/L 8260/25ML 06/22/9819 37 JRB

N30oair,N3/anw
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Date 06/25/98
Time 09 00 55

Sanple 10 LCS22
Lab ID P8131505

Date Collected
Tine Collected

Reera labnet University Park
Envtrogen

Sanple Surmary Excluding Internal Standards/Surrogates
Recra LabNet

Page v 1
Kept AN101

Date Received
Project No PA8A7515
Client No 1.80259
P 0 No

Parameter
I sopropy (benzene
n Butyl benzene
n Propylbenzene
Naphthalene
o chlorotoluene
p-Chlorotoluene
p Cymene
sec Butyl benzene
tert Butylbenzene

Detection
Result Flaa Limit

11
11
11
14
11
10
11
11
10

0
0
0
1
0
0
0
0
0

50
50
50
0
50
SO
50
50
50

Untts
UG/L
UG/L
UG/L
UG/L
UO/L
UC/L
UG/L
UG/L
UG/L

Method
8260/25NL
8260/25NL
8Z60/25NL
8260/25ML
8260/25NL
8260/25ML
8260/2SHL
8260/25ML
8260/25KL

Oat«/Tioie
Analyzed

06/22/9819
06/22/9819
06/22/9819
06/22/9819
06/22/9819
06/22/9819
06/22/9819
06/22/9819
06/22/9819

•* Analyst
37 JRB
37
37
37
37
37
37
37
37

JRB
JRB
JRB
JRB
JRB
JRB
JRB
JRB

T2/8T d TSS« TT S6ST ft£6
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Date 06/25/98 Recra lebnat University Park Page 11
Tine 09 00 55 Envirogen Kept AN1010

Sample Sumuery Excluding Internal Standards/Surrogates
I Racra LebNat

Sample 10 Method Blank Date Received
Lab 10 P8B0172301 Project Ho PA8A7515

Date Collected Client No LS0259
I Time collected p o No

Detection Date/Time
____________Parameter ________ Result flag Hunt _ Unfte Method Analysed Analyst
Metals Analysis

I

I Iron Total <0 050 U 0 050 MG/i 200 7 06/23/98 KLG

_ _ _ _ _ TTCB Z- <L N30oairiN3/anw
TC/6T d TSS» IT ft eZ-UZ> S66T Z.1^



Dote 06/25/98
Tine 09 00 55

Swple ID Matrix Spike Blank
Lab ID P8B0172302

Date Collected
Time Collected

Reera Lebnet University Park
Envirogen

Sanple Summary Excluding Internal Standards/Surrogates
Recre LabNet

Page 1<
Rep* AN1010

Date Received
Project No PA8A7515
Client Ho 180259
P 0 No

I
i

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Parameter Result
Detection

Limit Units Method
Date/Time
Analysed Analyst

Metals Analysis
Iron Total 0 89 0 050 MG/L 200 7 06/23/98 NIG

T£/0Z d TSStt TT 62-A0 866T TT£6 L1S



RECRA LftBNBT UNIVERSITY PARK
EEA 8260 25 ML FORGE VDAS
WftlER SURROGATE RECOVERS

Lab Name Hera

Lab Cede RECPA Case No

Contract

SAS No SDGNb

1
2
3
4
5

Client Sairple ID

251 EFELDENT
251 INFLUENT
LCS22
Method Blank (VBLK22)
TRIP BLANK

BFB
-s-REC #

112
112
100
109
110

DCE
%REC #

92
92
99
93
91

TOL
•rRBC #

112
112
99
107
103 >

TOT
OUT

0
0
0
0
0

I
I
I
I
I
I
I
I
I
I
I
I
I

BEB « p-Bronofluorobenzene
DCE = 1 2-Dichloroethane-D4
TCL = loluene-D8

QC LJMTIS

( 78-114)
( 76-130)
( 86-114)

D

Column to be used to flag recovery values
Values outside of contract required QC limits
Surrogates diluted out

II - GC/MS VGA

d TSStt Tt 856T



RBCRA LRBNET UNIVERSITY PARK
EPA 8260 25 ML PORffi VOAS

WATER MftlRIX SPIKE BLANK RECOVERY

,Lab Name Recra LabNet Contract

Lab ODde RECPA Case No ___ SAS No

Matrix Spike - Client Sanple No Method Blank (VBLK22)

Lab Sanp ID P8131504

SDG No

\

1

1

1

1

1

1

1

1

1

1

1

COMPOUND

1 1-Dxchloroethene
Xnchloroethene
Benzene
Toluene
Chlorobenzene
Bronodicfalorotnethane
Brcmoform
Brcmomethane
Carbon Tetrachlonde ^
Chloroethane
Chlorofozm
Chloromethane
Dibromochlorometbane
1 2-Dxchlorobenzene ___
1 3-Dichlorobenzene ___
l , 4-Dichlordbenzene
1 l-Dichloroethane
1 2-Drchloroethane
trans-1 2-Dichloroethene

trans-1 S-Dichloropro(l)
cas-1 3-Dichloropropene_
Ethylbenzene
Methylene chloride
1,1,2 2-Ttetrachloroet(2)
Tetrachloroetbene
1 1 l-Tnchloroethane
1 1 2-Ttichloroetbane_
IricfaloroflucTOtrethane ^
Vinyl chloride
1, 2 , 3-TrichlorcpfDpane
Dibrcmomethane
cis-l 2-Dichloroethene__
Styrene

SPIKE
ADDED
TX3/L

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

MSB
CDNCEWIRAT'ICW

UG/L

10
10
11
n
n
10
10
n
10
n
10
9 2

11
n
10
n
n
n
10
11
11
n
n
8 7

12
11
10
11
10
n
12
11
11
n

MSB

REC #

100
100
no
no
no
100
100
110
100
no
100
92

110
no
100
110
no
110
100
110
no
no
no

87
120
no
100
110
100
110
120
no
no
110

QC
LIMITS

REC

63 - 137
72 - 128
72 - 128
72 - 128
72-129
61 - 145
55 - 151
39-154
48 - 164
38 - 175
67 - 138
34 - 154
59 - 145
61 - 125
56 - 127
60-125
69 - 133
63 - 141
68 - 138
67 - 132
67 - 135
64 - 135
65 - 138
49 - 136
70 - 126
68 - 135
61 - 150
71 - 127
17 - 231
44 - 147
67 - 130
75 - 125
75 - 129
73 - 129

^,

I
I
I
I

FORM III GC/MS VQA

8S6T
woaJ



RECRA. LBBNET imVERSITY. PARK
EEft 8260 25 ML FORGE VOAS

WATER MKTRJX SPIKE BLANK RECOVERY

Name Recrâ  Lattfet Contract ________ Lab Sanp ID P8 131504

Lab Code RECPA Case Nb ___ SAS Nb ____ SDG No

Spike - Client Sairple Nb Mathod Blank (VRT.K22)

I
I
I
I
I
I
I
I
I
I
I
I
I
I

(1) trans-1 3-Dichloroprcpene
(2) 1,1 2,2-Ttetrachloroethane

# Cblumn to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

Spike recovery __ 0 out o£ __ 34 outside limits

Comments

FORM III GC/MS VQA

T£/E3 d TSSB 2T *T 6Z-<i.0 8SST



RECRA LABNET UNIVERSITY PARK
EPA 8260 25 ML PURGE VOAS

METHOD BLANK SUMMARY Client M

SAS No

Lab Name Recra LabNet Contract

LaJb Code RECPA Case No ____

Lab File ID E0622018 RR

Date Analyzed 06/22/98

GC Column DB_-624_ ID 0 53 (mm)

Method Blank(VBLK22)

SDG No

Lab Sample ID P81315Q4

Time Analyzed 21.12

Heated Purge (Y/N) N

Instrument ID PA-HPMS-5

I
I
I
I
I
I
I
I
I

I

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES MS AND MSD

1
2
3
4

Comments

CLIENT
SAMPLE NO

251 EFFLUENT
251 INFLUENT
LCS22
TRIP BLANK

LAB
SAMPLE ID

P8131502
P8131501
P8131505
P8131503

LAB
FILE ID

E0622020 RR
E0622021 RR
E0622015 RR
E0622019 RR

TIME
ANALYZED

22 15
22 47
19 37
21 43

FORM IV - GC/MS VOA

d TSStt sss-c
N3OOHiAN3/ynw woaJ



Date 06/25/98 16 50 RECRA LABNET UNIVERSITY PARK Rept AH036 J

Client Sanple 10 Method Blank Matrix Spike Blank
Lab Sample ID P880J72501 P6B017Z302

A

1
Analyte

TOTAL KETAIS AHAIYSIS
IRON TOTAL WATER

Units of
Measure

MG/L

Concentration
Bland
Spike

0 89

Spike
Amount

1 0

% Recovery
Blank Spike

89

QC
umis

75 IZ5

01

w
B
tc

3

* Indicates Result Is outside QC Limits
HC Kot Calculated ND • Not Calculated UbNet
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RECRA UbNet Use Only

THlMil̂ . , Jt . ,

Project Cphtact/fhofi
RECRA PrbleciMarw
QC , , I , , , &«)

1

y»t^

Date Rac d
Account «

QATflK

S$ $edfrn.8nt
SO Soid ,1 -
SL Sludge
W Wafef
0 <* ' .

-§8 8(urn -
Solids"

fli *J(Uro—
UQUtd^ "*

t -€P/7CLp

J»l Wlbe
X Other
f RsH

: ' I

Lab
10

Custody Transfer Record/Lab Work Request 1 [j~ LabNet

«-

>• ,

i

Dp

r P*

•i

, T v

TAT ,!

te Due

n ,. . , .

I

, ! 1 1 ! |

'i '
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j —
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1 ' 1 .* .Vi . .,
HELD PERSONNEL COMPLETE
Special Instructions

i
i

Relinquished
by

^•f *

Matrix
QC

Chosen
(/>

MS

'

i

USD

'

Hotrigeiatoi t

A/Type Container

Volume

Preservative*

tlqaW
soiT
tlqW
soft

ANALYSES ^
REQUESTED ^

Matrix

W
'

vy
ill 1

t

,

, Date
Collected

wftfnB
'

fyM*?7
""

f

!f L

Time
Collected

•f/^0

1

/ yo
,

i
1 '

. . j
i

i 1 ,

\\

OR6

II

L

^

i "

i

ih
i

ANIC

15 1
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i
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i
i
1
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1 i
1
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J
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. "y
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'

1

i

Time

i — —

i

Relinquished
by

.1 . , . . . . . . . ._._ . . . .

•>

^
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RECRA LabNet Use Only

Sa
1)
Ha

' AM

*T*U

3)
- Co

4)
Hrc

•nples were
Shpped __ or
nrt Dellve/etf _

Vmblenl̂  Chi led
Received in Good
ndlllon Y or N
.ebels Indicate
ipeily Piaserved

, „ Y or NDiscrepancies Between
Samples Lablei and S) Received Within
COC Recoid? Y ot N Holding limes
NOTES Y or N

COC Tape was.
f ) Present on Ouler
Package Y or N
2) Unbroken on Outer
Package Y or N
3) Present on Sample

Y or N

4) Unbi ken on
Sample Y or N
COC Record Fiaj«nl
Upon Sample Pec 1

Y 01 N

Page
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I
I
I
I
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I
I
I
I
I
I
I
I
I
I
I
I
I

Desorption Test Material Soil Sampl Golders Iowa GB 1 IC3 3808 976-1083 (30 31 9)
Column Volume 283 6 cm3
Porosity 0 34
Pore Volume 96 ml
Flow Rate 0 26 mL/min

Sample ID Volume Cummulative
Volume

(mL) (ml)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

1086
1065
1053
11 08
11 76
107

1092
116

11 72
11 45

11 5
11 6

11 61
11 27

11 9
11 42
116

11 44
1076
11 27
11 81
1069
973

11 65
11 48
1155
1082
11 64
133

1189
1179
11 7

1171
1042
1225
11 68
1073
105

1166
11 24
11 62

109
21 5
320
431
549
656
765
881
998

111 3
1228
1344
1460
1573
1692
1806
1922
2036
2144
2256
2375
2481
2579
2695
281 0
2926
3034
3150
3283
3402
3520
3637
3754
3858
3981
4098
4205
431 0
4426
4539
4655

Pore Volume Organic Concentration ( ug/L )

TCE

00
01
02
03
04
06
07
08
09
1 0
1 2
1 3
1 4
1 5
1 6
1 8
1 9
20
21
22
24
25
26
27
28
29
30
32
33
34
35
37
38
39
40
41
43
44
45
46
47

522
936

1169
1097
1031
986
761
517
484
325
267
169
169
123
95
78
62
61
57
46
49
47
45
33
46
39
31
28
51
25
25
21
14
15
10
11
99
12
11
12
12
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Desorption Test Matenal Soil Sampl Golders Iowa GB 1 IC3 3808 976 1083 (30 31 9)
Column Volume 283 6 cm3
Porosity 0 34
Pore Volume 96 mL
Flow Rate 0 26 mL/mm

Sample ID Volume Cummulative Pore Volume Organic Concentration ( ug/L )
Volume

( mL) ( mL ) TCE

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

1068
1248
1207
1046
1261
1271
11 84
11 94
1197
1035
1554
11 69
11 38
11 48
11 61
1078
11 89
11 9

11 79
1201
11 92
11 78
11 75
1165
11 78
11 8

11 51
1164
11 51
11 48
11 34
11 61
1184
153

11 39
11 53
11 43
11 68
11 17
11 74
11 68
1009

4762
4887
5007
511 2
5238
5365
5484
5603
5723
5826
5982
6098
621 2
6327
6443
6551
6670
6789
6907
7027
7146
7264
7381
7498
761 6
7734
7849
7965
8080
8195
8308
8425
8543
8696
8810
8925
9039
9156
9268
9385
9502
9603

48
50
51
52
53
55
56
57
58
60
61
62
64
65
66
67
68
69
71
72
73
74
76
77
78
79
81
82
83
84
85
87
88
89
91
92
93
94
95
97
98
99

13
96
10
79
60
12

76
54
85
57
57
65
81
64
68
74
53
58
55
52
48
49
68
60
33
69
60
76
34
42
31
35
47
39
47
44
46
64
24
na
65
51
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Desorption Test Material Soil Sampl Golders Iowa GB 1 IC3-3808 976 1083 (30 31 9)
Column Volume 283 6 cm3
Porosity 0 34
Pore Volume 96 mL
Flow Rate 0 26 mL/mm

Sample ID Volume Cummulative
Volume

( ml ) ( mL)

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103

11 87
11 55
1216
121

1247
122

11 14
377

3811
377
377

4238
377
377
377
377

3681
377
377
377

9722
9837
9959

10080
10205
10327
10438
1081 5
11196
11573
11950
12374
12751
13128
13505
13882
14250
14627
15004
15381

Pore Volume Organic Concentration ( ug/L )

TCE

100
101
102
104
105
106
108
109
11 3
11 7
121
124
129
133
137
141
145
148
152
156

56
35
42
50
42
33
39
07
1 6
26
20
21
27
26
28
17
1 7
1 4
1 9
1 9

eof//



1 AC'•£ ADVANCED CHEMISTRY LABS, INC

1 Phone (770)4091444 3039 Amwiler Road Suite 100 Atlanta GA 30360
Fax (770)409 1844 PO Box 88610 Atlanta GA 30356
Outside GA (800) 277 0520 http //www mindspnng com/~acl

1

1

e mail acl@mmdsprmg com

Cooper / McGraw Edison / IA
• Client Colder Sierra LLC Client Project No 9861083

1
3730 Chamblee Tucker Road ACL Project No 27200
Atlanta GA 30341 Date Received 10 14 98

Date Reported 10 15 98

Contact Mr Rafael Ospma

1

1
g

TOC
(9060) (ma/kg)

• Sample ID ACL# Matrix Result Det Limit Date Analyzed

|

GB1(4548) 132957 Soil 410 500 101598
GB 1 (41 43) 132958 Soil BDL 500 101598

1

1

1

1

1

1

• BDL = Below Detection Limit />^^ / // I// rf /

^^r/hi/i^^^\
i

//John Andros, Iftb Mttqpr



QUALITY CONTROL SECTION



• AC?£ ADVANCED CHEMISTRY LABS, INC

1 Phone (770)409 1444 3039 Amwiler Road Suite 100 Atlanta GA 30360
Fax (770)409 1844 PO Box 88610 Atlanta GA 30356
Outside GA (800) 277 0520 http //www mindsprmg com/~acl

1

1
-

e mail acl@mmdspnng com

Cooper / McGraw Edison / IA
| Client Colder Sierra LLC Client Project No 9861083

3730 Chamblee Tucker Road ACL Project No 27200
Atlanta GA 30341 Date Received 101498

Date Reported 10 15 98
Contact Mr Rafael Ospma

1

1 TOC (9060) QC Data

I Method Blank TOC

1

1

1

Station ACL# Matrix (9060) (mq/ka)

Soil Blank Soil < 50 0

QC Ref Std Expected Actual

1

1

1

1
BDL =

1

1

1

Station ACL # Value (mg/kg) Value (mg/ko.) Acceptance Ranqe

QCStd 6250 6551 46907810

Below Detection Limit
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1D Fate and Transport Transient Model Bear (1979) page 268 269 MathCad V6 1dtce mcd
Ref BearJ (1979) Hydraulics of Groundwater McGraw Hill NY

McGraw Edison Superfund Site Centerville IA Job 9861083

v = 06 Groundwater velocity ft/day

t50 = 600 Half Life for TCE Contaminant in days

Rf = 1 4 Retardation Coefficient for TCE

a =277 Longitudinal Dispersivity in ft

Co -6700 Source TCE Concentration in ppb

t 30 365 Time in days

0693
t50

1 Rf,
~2 + K~]i« av

05

\ 0 5

f2 Rf/
0 5

a2 2 | a vt—
Rf

i -0 19

x = 5 0 + i 50

r CoC =— exp
2 a

exp( x p) erffc
x -al

.2 , ^P(xp)erffc^
al

Solution for C(x t)

t - 11 365 Time since Reactive Wall Installed

a l = ( v
Rf

05

a2 =2 av
05

Co
D_ --—exp i

2 a

/x - al
exp( x p) erffc —

a2

Rf,

-t-expx ( erffc
x -nal

a2

Solution for C(x t)
C with Reactive
' Wall

COLDER SIERRA
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TCE Concentration (ppb)

5000 -

1

\
\
\
\v

^ -1—
0 500 1C

x,

Longitudinal Distance (feet)

on

& $l&ft tgl

8^50
?l1 100
2J150
f 200
H250
Sf 300
11350 C =
3-SJ

74400

8* 450
91500
10j 550
11 600
12" 650
l"3 700
14 750

S|̂ %s045#£|
^ i034441 10-*
^ 3K2944 10

2|f 1 952 103

3| 1 294 103

15 857 698
Si 568 573
6^37691
if* 249 856
8^165631
9^109797
lO* 72 785
11M8249
12^31985
13 21 202

TCE Concentration (ppb)

40

20

D =

0 200 400 600 800 1000

*,

Longitudinal Distance (feet)

0 637
1* 1 347
2* 2 088
"3 2 813
41 3 474

514 026
436

4 683
s 4 7 6

j*j 4 676

10 445
114111

3 694
13 3 233

1759

GOLDER SIERRA



October 1998 986 1083

BIOSCREEN Natural Attenuation Decision Support System
Air Force Center for Etworamntet B«c*#eflce

1 HY&ftOOeOLOOY
Seepage Velocity*

or
Hydraultt £o»idu&t!v*ty
Hydraulte 0
Porosity

2. DtSPERSfON

a/pftaz
or

e r̂natediWame Length

Z ADSORPTION
fretardaften faster*

Or
Soil Btttk Density
Parbfioft Coefftcfetit

the
Km
fas

4 BIODEGRADATiON
1*t Order £te$ay/ Coef

or JnStert torteoire ̂ dcfatMt MiMteJ
Delta Oxygen* 00
Delta Nitaste* AK?3
Observed Peitoas fron*
Delta Sulfete*
Observed

2770
10
00

(M&L)
tn&t.)
(rng/L)

14
McGraw Edison

\tce________

6 GENERAL
Modeled Area
Modeled Area Width*

JwTW 4t±
J°o_

30
lf^ w

|6«J r
£>

SOURCE DATA

Data Input Instructions
\~~&t or

2 Calculate by filling in grey
& <«)//* Jtetov*' (Tomtom

hitbutton b&tew)

20~}m Veriest Plane Source Look at Plume Cross Section
and Input Concentrations & Widths
for Zones 1 2 and 3

sowrco Halrlife {•&<& Helu
9

React

FIELD DATA FOR COMPARISON
7 o 009

700 200 300; 400 '500 iOO 700

RUN
CENTERLINE

View Output

RUN ARRAY

View Output

Help Recalculate This
Sheet

Paste Example Dataset

Restore Formulas for Vs
Dispersivities R lambda other

COLDER SIERRA 2 DICE xls Input
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DISSOLVED HYDROCARBON CONCENTRATIONS IN FtUMB (mtfL A
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