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NSWC CRANE

DRAFT INITIAL WINDROW  S-001 BATCH REPORT
FOR FULL-SCALE OPERATIONS

GENERAL COMMENTS

COMMENT 1: For consistency, make references to windrow as follows, ‘Wrndrow  S-
001”.

RESPONSE 1: References to windrow have been changed to “‘VVindrow  S-001”.

COMMENT 2:

RESPONSE 2:
_-

-

COMMENT 3:

RESPONSE 5:

For consistency, refer to the ends  date of the windrow as, “Day Last”
instead of “Day Final”.

The end date of Windrow  S-001 has been changed from “Day Final”
to “Day Last”.

For clarification, at the beginning state that Mix 7B information comes
from Pilot Scale Operations.

Tire last sentence of the second paragraph in the Executive Summary
states that the Mix 78 information has been obtained from pilot-scale
operations.

SPEClFlC Ci‘“YIENTS

COMMENT 1: Acronvv
4 Add the following to the list: FS-OP Full Scar?Qperations Plan

for Soils Bioremediation Facility, FS-QAPP Full Scale Quality
Assurance Project Plan, and P;-TTR Pilot Scale Treatability
Test Report. Insert changes in the text after the first reference
for each of the above mentioned reports.

b) The abbreviations for “not detected”, “parts per million”, and
<‘standard  unit” should be lowercase as well as in the ‘iA.
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RESPONSE 1 :  a )

b)

Items noted above have been added to the Acronyms and
Abbreviations section. These changes were also made in the
text after the first reference for each of the above mentioned
reports.
Abbreviations for “not detected”, “parts per million”, and
“standard unit” have been changed to lower case in the text,

COMMENT 2:

RESPONSE 2:

,-
COMMENT 3:

RESPONSE 3:

COMMENT 4:

RESPONSE 4:

p. l-l 61.2 81  Rewrite the last sentence as follows, ‘I... (SWMUs):
Ammunition Burning Ground (w SWMU 03/10);  Rockeye
Munitions Facility (f&&e&-- SWMU-10115); Mine Fill A (MFAI-
(SWMU-12/14); and Mine Fill B -(SWMU-13114).

The last sentence on page l-l, Section 1.2, first paragraph, has
been rewritten as stated above.

.

p. l-l 61.2 ll? Add the word, “contamination” to the end of the last
sentence.

The word, “contamination” has been added to the end of the last
sentence of the second paragraph in Section 1.2.

4 Elaborate that Mix 7B consisting of 15% chicken manure, 25%
soil, 60% straw was the recommend mix from Pilot Scale
(because it is compared to later in several sections of the
report).
Rewrite the third sentence as follows, I’. in the approved Full-
Scale Operations Plan for Soils Bioremediation Facility (FS
OP) [MK, 1998b]-
-Aaencv..‘O.”

b)

4

b)

The second sentence in the third paragraph in Section 1.2 has
been rewritten to include the Mix 78 recipe.
The third sentence in paragraph 3 of Section 1.2 has been
rewritten as stated above.

p.
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COMMENT 5: p.

a) Reference and show a map of the MFA grids where the soil
was excavated.

b) In the last sentence a reference is made to Mix #I. Explain the
amendment contents of Mix #I in this paragraph.

4 Explain that Mix #I,  even though it contained amendments,
was considered soil in the windrow  mix ratio because it was to
be retreated.

RESPONSE 5: a)

b)
4

A sentence has been added to the end of the first  paragraph
of Section 1.3 referencing the excavation locations at MFA.
Soil excavated from various MFA grid locations was stockpiled
in Building 1 for use in windrow  formation. Specific grid
locations for soil used in the 30% windrow  cannot be
determined. MFA excavation locations are referenced in
Figures E-l through El-4 of Appendix El of the FS-OP.
The amendment contents have been described.
The last sentence in the first paragraph in Section I-3  explains
the use of Mix #I. *-

COMMENT 6: p. 2-1 62.1 ill Spell out, “Degrees Centigrade” in the second
sentence.

RESPONSE 6: Degrees Celsius has been spelled out in the second sentence of the
first paragraph of Section 2.1 and is consistent with the Acronyms and
Abbreviations portion of the report.

COMMENT 7: p. 2-l 62.1 712
4 Reference and include the daily process logs in Appendix B.
b) Rewrite the first sentence as follows, “.  windrow  turning
accordino
4Secion oft e u u Ii
Ooerations (QAPP1  IMK.  199&l.”

c) Rewrite the second sentence as follows, ‘I..  of the five cross
sectionqfor.”

d) Humidity is discussed in this paragraph. It should be discussed
in Section 2.2 Moisture.
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,-
RESPONSE 7: a)

b)

4

d)

A reference to average daily ambient temperature data has
been added to the second paragraph of Section 2.1. A log of
average daily ambient temperatures has been added to
Appendix B.
The first sentence of the second paragraph in Section 2.1 has
been rewritten as stated above.
The second sentence of the second paragraph in Section 2.1
has been rewritten as stated above.
References to humidity have been removed and are discussed
in Section 2.2.

COMMENT 8: p. 2-2 82.2
a) Rename this Section as, “Moisture”.
W Discuss humidity in this section. Reference humidity data in

Appendix C.
cl In paragraph three of this section, identify from where the

added moisture was receded  to rule out additional explosives
contamination.

,- RESPONSE 8:
:;

Section 2.2 has been renamed “MOISTURE”.
The second paragraph in Section 2.2 now discusses humidity
and references Appendix C for humidity data.

cl The last sentence of the third paragraph of Section 2.2
describes the water source.

COMMENT 9: p. 2-3 92.3 ll2 In the second sentence, replace the word, “pile” with
“windrow”. Check the entire document for this change.

RESPONSE 9: The word “pile” has been replaced with the word “windrow” in the
second sentence in paragraph 2 of Section 2.3 and throughout the
report.

COMMENT 10: p.

a) Rewrite the first sentence as follows, ‘I..  twice daily, before
enda#ef  turning andg.”

b) After the first sentence, reference the daily process logs
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c)

4

located in Appendix B.
Rewrite the second sentence as follows, ‘I...  as the
temperature measurements -to
the QAPP.”
The statement made in the sixth sentence concerning better
oxygenation in Full Scale (FS) then in Pilot Scale (PS) is not
entirely correct. During PS, the oxygenation monitoring took
place at a later time after turning than did the monitoring during
FS. The oxygen level drops quickly, therefore monitoring at an
earlier time after turning will yield a higher oxygen content.

RESPONSE 10: a)

b)

cl

d)

The first sentence in the third paragraph of Section 2.4 has
been rewritten as stated above.
A reference to oxygen monitoring data has been inserted as
the second sentence of the third paragraph in Section 2.3.
The second sentence in the third paragraph of Section 2.4 has
been rewritten as stated above.
Acknowledged. The sixth sentence in the third paragraph of
Section 2.3 has been removed.*.

,-
COMMENT 11: p, 2-4 62.4

4 The title for this section should read, “pH” instead of “PH”.
b) Rewrite the second sentence as follows, ‘I..  specifications

identified in Field SOP 4.0 Section 5 of the FS-QAPP QuaMy
A IMK,
1998cl.”

c) Rewrite the last sentence as follows, “The data for pH
monitoring data-am  & presented in Appendix E.”

RESPONSE 11: a)
b)

4

The title for Section 2.4 has been changed to “pH”.
The second sentence in Section 2.4 has been rewritten as
stated above.
The last sentence of Section 2.4 has been rewritten as stated
above.

COMMENT 12: p. 3-1 53.0 ll2
4 In the second sentence, the field test kits are referred to as SD

I is this an abbreviation? If so, then spell it out and add to the
acronyms/abbreviations if it is used more than once.
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b) After the second sentence, add a reference for the field test
kits SOPS.

RESPONSE 12: a)

b)

“SDI” has been spelled out in the text and added to the
Acronyms and Abbreviations section of he report.
A reference for the field test kit SOPS  has been added after the
second sentence in the second paragraph of Secbon  3.0.

COMMENT 13: p. 3-l 63.0 ll3 In the fourth sentence, add the name of the laboratory
utilized for toxicity analysis and where the SOPS  can be found for
toxicity analysis.

RESPONSE 13: The name of the laboratory utilized for toxicity analysis has been
added to the fourth sentence of the third paragraph in Section 3.0.
The fourth paragraph now states where the laboratory SOPS  can be
found. L

,-
COMMENT 14: p. 4-l 64.0 This section needs to reference and include the raw data

(metals, volatiles, & explosives) for the pre-excavation samples from
contaminated soils used in the windrow.

RESPONSE 14: Soil excavated from various MFA grid locations was stockpiled in
Building N for use in windrow  formation. Specific grid locations for soil
used in the formation of Windrow  S-001 cannot be determined and
the volume of analytical data for all of the pre-excavation samples
collected to date is too extensive to include in this report. The report
has been revised to indicate that this data is available at the
Bioremediation Facility office.

COMMENT 15: p. 4-1 64.1 In this report, the methods listed to analyze for metals are
6010 and 7470; volatiles method is 8260. In the W N-36%  Batch
Report, the methods listed to analyze for metals is 6010; volatiles
method is 8240. Shouldn’t these methods be consistent because only
the approved FS QAPP and FS OP were to be followed? Please
correct appropriately.
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RESPONSE 15: The methods listed in the Windrow 30% Batch Report and this Initial
Batch Report have been revised and are consistent. Method 6010
and 7470 has been referenced for metals, and method 8240 has
been referenced for volatiles. Because the excavation of soil took
place prior to FS-QAPP approval, the methods utilized in Pilot-Scale
Operations was utilized for analysis.

COMMENT 16: p. 4-I  84.2 71
4 Typographical error: The statement in parentheses after the

first sentence, does it belong with the first or second sentence.
b) Typographical error in the tifih  sentence, “...was  collected 26

d3ays after pile ”
4 Define the reporting limit and define the difference between

reporting limit and a detection limit.

RESPONSE 16: a)

b)

d

The statement in parentheses after the first sentence belongs
with the first sentence. An period has been added after the
statement in parentheses.
The word “says” has been changed to “days” in the fourth
sentence of the first paragraph in Section 4.1.
Reporting limit has been defined in the ninth sentence of the
first paragraph in Section 4.2. The difference between the
reporting limit and detection limit has not been defined since
detection limit is not mentioned in the report. Additionally, only
reporting limit is provided in the cleanup objectives tables in
the FS-OP.

COMMENT 17: p.  4-I 54.2 l-l2
4 In this report, the criteria for explosive compound

contamination reduction between Day 0 and Day Last is listed
as 95%. In the W N-30% Batch Report, the criteria is listed as
90-99%  reduction. Shouldn’t these methods be consistent
because only the approved FS QAPP and FS OP were to be
followed? Please correct appropriately.

b) Rewrite the first sentence as follows, ‘I... between the Day 0
and Day FineI  Last explosive concentrations was
obtained.”

RESPONSE 17: a) The FS-QAPP states the criteria of 90-99%  reduction of
toxicity and mobility to achieve remediation goals. The
contamination reduction range of 90-99%  has been added to
the first sentence of the second paragraph in Section 4.2.
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b) The first sentence of the second paragraph in Section 4.2 has
been rewritten as stated above.

COMMENT 18: p. 5-2 65.2 ll3 In the first sentence, reference the FS-QAPP and
where in the FS-QAPP the criteria for the items listed can be found.

RESPONSE 18: The location of the criteria listed in the first sentence as well as a
reference to the FS-QAPP has been included in the first sentence of
the third paragraph in Section 5.2.

COMMENT 19: p 5-2 65.2 ll4 In the last sentence, replace “data quality objectives”
with “DQO”.

RESPONSE 19: “data quality objectives” has been replaced by “DQO” in the last
sentence of the fourth paragraph in Section 5.2.

,-

COMMENT 20: pm Rewrite the third sentence as follows ”
-SOP+  were established to ...‘iejd Btemde&

RESPONSE 20: The third sentence in Section 5.5 has been rewritten as stated above.

COMMENT 21: Appendix B Remove humidity data and move to Appendix C.

RESPONSE 21: Humidity data has been removed from Appendix B and placed in
Appendix C.

COMMENT 22: Appendix C Add “Average Daily Percent Humidity Chart” to the table
of contents.

RESPONSE 22: “Average Daily Percent Humidity Chart” has been added to the table
of contents in Appendix C.

Pageaof  8



FULL-SCALE BIOREMEDIATION
WINDROW  S-001, BATCH REPORT

NSWC CRANE
CRANE, INDIANA

September 25, 1998

CONTRACT N62467-93-D-1106
DELIVERY ORDER #0009

STATEMENT OF WORK #0007

Prepared for

SOUTHERN DIVISION
NAVAL FACILITIES ENGINEERING COMMAND

2155 Eagle Drive
P.O. Box 190010

North Charleston. South Carolina 29419-9010

Prepared by:

MORRISON KNUDSEN CORPORATION
2420 Mall Drive

Corporate Square 1 - Suite 211
North Charleston, South Carolina 29406

PREPARED/APPROVED BY:

6.  Venky Venkatesh
MK Project Engineer

Date

APPROVAL:

R. Scott  Newman
Program Manager

Date



EXECUTIVE SUMMARY

On-site bioremediation of explosive-contaminated soil utilizing a windrow composting
process began at Naval Surface Warfare Center Crane as the preferred interim
measures treatment alternative. Activities associated with the construction and
monitoring of the first windrow have been summarized in this document to demonstrate
acceptable performance of full-scale operations per recommendations made during
pilot-scale activities.

The first windrow of full-scale operations, Windrow S-001, was created on April 15,
1998 using amendment recipe identified as Mix 78 in the pilot-scale operations. The
amendments of chicken manure and straw were mixed with explosive contaminated soil
from Mine Fill A, at a soil loading of 25%,  to form a windrow. By turning the windrow
each day, proper aeration, temperature, oxygen, pH and moisture were maintained to
provide optimal conditions for contaminant degradation. The information for Mix 7B has
been obtained from pilot-scale operations.

Process monitoring of temperature, water holding capacity, oxygen, and pH were
performed according to the frequency specified in the Full-Scale Operational Plan  for
Soils Boremediation facility [MK, 1998b]. In addition, field screening of explosives
was performed to monitor the progress of Windrow S-001. The results of the field
screening were used to identify when confirmation samples could be collected for
analysis at an off-site laboratory. Laboratory analysis of compost samples on the last
day of composting (i.e., Day 26) was performed at Southwest Laboratories of
Oklahoma, Inc. The values of these results demonstrate that performance and
remedial goals established for this process were met. All data were evaluated to verify
that data quality objectives described in the Quality Assurance Project Plan for Full-
Scale Operations [MK, 1998~1  have been met.

The results of this initial batch confirm the predictions and recommendations of pilot-
scale activities. All performance goals and remedial goals established for this process
have been achieved. It is recommended that full-scale operations continue using the
technology developed in pilot-scale activities and the windrow size developed for full-
scale operations. Subsequent pilot-scale testing of windrows with increased
percentages (i.e., 30% vs. 25%) of contaminated soil should be pursued. Such testing
will involve pilot-scale size windrows. This testing will examine the possibility of
increasing the volume of soil treated while maintaining a 28 day windrow cycle.

NSWC Crane
Full-Scale Bioremediation
Windrow  S-001, Batch Report 09/25/98
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1.0
INTRODUCTION

1.1 OBJECTIVES

This report summarizes the operational activities for the first windrow constructed
during full-scale operations at Naval Surface Warfare Center (NSWC) Crane. The
purpose of this report is to demonstrate that the Windrow S-001 construction and
composting techniques derived as a result of the Pilot-Scale Treatability Test Report
(PS-TTR) [MK, 1998a]  are capable of meeting project objectives during full-scale
operations.

1.2 BACKGROUND

NSWC Crane, located in southwestern Indiana, provides support for equipment,
shipboard weapons systems, and ordnance. This site also supports Crane Army
Ammunition Activity (CAAA) which includes productLn  and renovation, storage,
shipment, demilitarization and disposal of conventional ammunition. Explosive-
contaminated soils resulting from the above operations have been identified at four
Solid Waste Management Units (SWMUs): Ammunition Burning Ground (SWMU-
03/l  0); Rockeye Munitions Facility (SWMU-10115); Mine Fill A (SWMU-12/14);  and
Mine Fill B (SWMU-13/14).

On site bioremediation of the contaminated soil utilizing a windrow composting process
has been selected as the preferred treatment alternative for the Interim Measures (IM)
at these four SWMUs. In this process, microbial degradation of explosive compounds
is performed by mixing contaminated soil with organic material. By optimizing the
availability of organic material, temperature, moisture content, pH,  and oxygen
availability, the microbial activity can be stimulated. The result is the production of
residual organic and inorganic material with significantly reduced explosives
compounds contamination.

A pilot-scale test was completed at NSWC Crane to determine the compost mix which
provided the optimum environment for microorganism growth and degradation of
explosive compounds in contaminated soil. The recommended mix from pilot-scale
operations was the Mix 7B,  which consisted of 15% chicken manure, 25% soil, and
60% straw. The results of pilot testing are presented in the PS-TTR [MK, 1998a].
Recommendations from this report were incorporated in the Full-Scale Operational Han
for Soils Boremediation Facility (FS-OP) [MK, 1998b]  approved by the U.S.
Environmental Protection Agency, Region V (EPA). The work is being undertaken by
Morrison Knudsen Corporation (MK) for Southern Division, Naval Facilities Engineering
Command (SOUTHNAVFACENGCOM), under Contract Number N62467-93-D-1106,

NSWC Crane
Full-Scale Bioremediation
Wtndrow  S-001, Batch Report l - l 09/25/98



Delivery Order 009, Statement of Work 007

1.3 WINDROW DEVELOPMENT

The first compost windrow under full-scale operations, Windrow S-001, was created on
April 15, 1998 in the south building consisting of 211 cubic yards of screened
contaminated soil excavated from Mine Fill A (MFA) and the remaining pilot-scale Mix
#I compost which did not degrade the explosive compounds during the pilot-scale
treatability demonstration. The 151 cubic yards of soil from MFA comprised of mixed
clay, silt, and silty clay and contaminants, primarily included 2,4,6-trinitrotoluene  (TNT),
cyclotrimethylenetrinitramine (RDX), and cyclotetremethylenetetranitramine (HMX). Of
the 211 cubic yards, 60 cubic yards was obtained from the partially treated material
from pilot-scale Mix #I, a mix tested and not selected for full-scale operations. Mix # 1
consisted of 15 cubic yards of contaminated soil from MFA and 45 cubic yards of
various amendments (POTW sludge, alfalfa, sawdust, and woodchips) which did not
sufficiently degrade the explosive compounds, and therefore required re-treatment. Mix
#I was considered soil in the Windrow S-001 mix ratio because it was to be re-treated.

The amendments to Windrow S-001 were loaded on a volume basis into a
grinder/mixer unit to homogenize each mix. The amendments included 124 cubic yards
of chicken manure and 495 cubic yards of straw. This resulted in a compost windrow
consisting of 15% chicken manure, 60% straw, and 25% contaminated soil by volume
as specified in the FS-OP [MK, 1998b].  A record of the compost recipe and suppliers of
amendments is provided in Appendix A.

-.

NSWC Crane
FulCScale  Bioremediation
Wmdrow  S-001. Batch Report 1-2



2.0
PROCESS MONITORING

After the contaminated soil was loaded into the windrows, the windrow turning machine
(SCARAB@) mixed and reformed the windrows. The windrows were turned once a day
to maintain proper aeration, temperature, oxygen, pH  and moisture. In addition, water
was added as needed to maintain optimal moisture content. These process
parameters were monitored to evaluate and provide optimal conditions for contaminant
degradation. The values of these process parameters were compared to the
performance goals established in the FS-OP [MK, 1998b]. A summary of the process
parameters and significance of each parameter is described below.

2.1 TEMPERATURE

Temperature is a primary indicator of successful thermophilic cornposting. The process
goal is to maintain an average windrow temperature near 55 Degrees Centigrade (“C)
for approximately two weeks. The average windrow temperature should rise from 25 to
40% within the first few days of formation, and contiaue rising to within the temperature
range of 40 to 60°C and maintain that temperature range for at least two weeks. This
temperature profile indicates a healthy, metabolically active windrow. Temperature
decrease over time below 50°C is viewed as an indicator that the windrow is nearing the
end of its thermophylic cycle.

Windrow  temperature was monitored twice daily, before and after each windrow turning
according to the Field Standard Operating Procedure (SOP) 4 Section 3 of the Qualify
Assurance Project Plan for Full-Scale Operations (FS-QAPP)  [MK, 1998c].
Temperature readings were taken using a hand-held temperature probe at six
sampling/monitoring locations at each of the five cross sections, for a total of 30
monitoring locations. These locations were selected to provide representative
temperature profiles for the inner core and outer near-surface conditions. Ambient air
temperature inside the buildings was monitored daily using an alcohol thermometer to
determine any correlation between ambient temperature and windrow temperature of
Windrow  S-001 A clear correlation did not exist between these variables. Summaries
of the average daily Windrow S-001 temperature, average daily ambient temperature,
and graphs are presented in Appendix 0. The average ambient temperatures ranged
between 4 and 18’C,  as shown in the graph provided in Appendix B.

Pre-turn temperatures have been determined to be more useful for evaluation and
comparison because they represent heat development over time. Average temperature
is defined as the average of the 30 monitoring locations in each windrow. Windrow S-
001 exhibited a rapid temperature increase to 40% within two days. Temperatures
continued to rise above 55X  and were maintained for approximately two weeks. In
some cases, average temperature exceeded 65OC  but was readily reduced with
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aeration and/or moisture addition to within the optimum operating range. This
temperature pattern mimics conditions shown in the PS-lTR  [MK, 1998a]  generated
from Mix 7B. Based on the results of temperature monitoring, Wrndrow  S-001 was
able to maintain optimum temperatures for enhancing biodegradation.

2.2 MOISTURE

Water holding capacity (WHC)  is monitored to ensure optimum operating conditions for
microbial growth and contamination degradation. WHC is the ratio of the percent
moisture of the compost to the percent moisture of the compost at the point of
saturation. The calculation for this value is show in Section 4.5 of Field SOP 4.0 of the
FS-QAPP [MK, 1998c].

The humidity inside the building was monitored daily using a hygrometer to determine
any correlation between percent humidity and WHC of the windrow. The average daily
relative humidity ranged from 61 to 100% for Windrow  S-001. No correlation was found
to exist between percent humidity and water holding capacity. Daily humidity data is
presented in Appendix C.

The operating goal for composting moisture contenfis 40 to 60% maximum WHC. If
WHC levelsare excessively low or high, proper composting and explosives degradation
may be affected. Too little moisture content inhibits microbial movement and nutrient
availability in the compost windrow.  Excessive moisture fills the void spaces needed for
proper aeration, thus reducing oxygen levels and retarding aerobic microbial growth.
Water was generally added to the point of saturation when WHC levels fell below 45%.
Potable water from an on-site source was generally added when WHC levels fell below
45%.

WHC monitoring was performed three times a week according to the operations
schedule prior to windrow  turning, unless moisture was added on that day, in which
case WHC was monitored after the addition of water and subsequent turning. Moisture
level samples were collected from each of the five cross sections. At each cross
section, sample locations 1, 2, and 3 were composited for a total of five composited
samples per windrow.  Average WHC data are provided in Appendix C.

Due to high levels of evaporation during the composting cycle, water was added at
three times during the composting activities to maintain moisture content at
approximately 50% maximum WHC. Table 2-l summarizes the moisture additions for
Windrow  S-001.

Overall, Windrow  S-001 exhibited excellent moisture holding capacity which enhanced
biodegradation. Additional water was added to Windrow  S-001 in comparison to pilot-
scale due to the increased size of the windrow,  however WHC values remained
consistent with levels found in the PS-lTR  [MK. 1998aJ for Mix 7B. At no time during
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TABLE 2-I
SUMMARY OF MOISTURE ADDITIONS TO WINDROW  # S-001

DATE OF ADDITION WINDROW  AGE VOLUME ADDED
(DAYS) (GALLONS)

4119198 4 2000

5/l/985/l/98 II 1 6 I 1500

518198 2 3 1500

the process was leachate observed from Windrow S-001. The average daily WHC
ranged between 42% and 51% during the twenty-six day cycle of Windrow S-001,

2.3  OXYGEN

Oxygen levels of up to ambient atmospheric or about 20% are preferred in a compost
windrow, and 5% is considered the minimum for rapid compost degradation. Oxygen
levels below 1% indicate anaerobic conditions. If sufficient oxygen levels are not
maintained, proper microbial degradation may not occur, thermophilic temperatures
may not be maintained, and putrefaction of organic matter may occur. However,
anaerobic conditions commonly exist in a compost windrow throughout most of each
day, and depending on the density of the compost, aerobic conditions may occur for
only for one to two hours following turning.

The oxygen available to microbes in a windrow is the result of aeration by turning.
Therefore, oxygen availability is a function of the air-filled pore volume within the
windrow, which is in turn a function of porosity and moisture content. As the compost
windrow is turned and degrades, the porosity is reduced which in turn reduces available
oxygen. Similarly, increasing the moisture content also reduces available oxygen,

Oxygen levels were monitored twice daily, before turning and within 15 minutes after
turning. The oxygen monitoring data for Windrow  S-001 are provided in Appendix B.
Oxygen level measurements were collected using a hand-held probe at the same
locations as the temperature measurements according to SOP 4 Section 3 of the FS-
QAPP [MK, 1998~1.  The oxygen monitoring data are provided in Appendix D. Windrow
S-001 exhibited excellent oxygenation levels. Levels of oxygen greater than 12%
occurred on most days after turning. Operations were able to maintain Windrow S-001
within the optimum oxygen conditions during initial activities. The graph demonstrates
the progressive reduction in oxygen levels both pre and post-turn. After Day 14 the
pre-turn oxygen levels are less than 6.6% which are suggestive of the decreased
porosity as the compost degrades.

.-
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2.4 pii

The pH of the compost windrow is measured to ensure that the pH neutral environment
is obtained during operations. Five composite samples were collected on a weekly
basis to monitor pH prior to windrow turning according to the sampling specifications
identified in Field SOP 4.0 of the FS-QAPP [MK, 1998c]. The pH of the compost
windrows in pilot-scale operations normally remained within the range of 5.5 to 9
standard units (su). Values obtained for Windrow S-001 were between 8.44 and 8.66
su which are consistent with the pilot scale operations. The pH of the Windrow S-001
during full-scale operations was not adjusted during composting activities. The data for
pH monitoring is presented in Appendix E.
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3.0
FIELD SCREENING FOR EXPLOSIVE COMPOUNDS

RDX, TNT, and HMX are the major explosive compounds present at Mine Fill A based
upon previous sampling results. Field test kits provide a cost effective method of
determining approximate concentrations and minimize the number of samples
submitted for off-site analysis. There is currently no field test kit available for the
analysis’of HMX, however field test kits were used for RDX and TNT analysis. RDX
and TNT are representative of the explosive compounds present and give a good
indication of the degradation of the other explosive compounds.

Process monitoring of the RDX and TNT concentrations within Windrow S-001 for
analysis was performed on operational days 7, 14, and 21 to monitor the reduction
process. One composite sample was collected per cross-section and analyzed for RDX
and TNT using the Strategic Diagnostic, Incorporated (SDI) Ensys”  Field Test Kits.
SOPS  for the field test kits is presented in the FS-QAPP [MK, 1998c]. When field
screening indicated non-detectable RDX and TNT levels, confirmation samples were
collected and submitted to an off-site laboratory for analysis of all target constituents,
The purpose of the field test kits is to dictate when samples will sent for off-site
analysis. Table 3-l provides a summary of the field test kit data results. The
associated worksheets (raw data) are contained in Appendix F.

The field data demonstrates a progressively decreasing concentration of RDX and TNT
during composting operations. On day 21 all TNT and RDX levels were below
detectable levels using the field test kits. Confirmation samples were collected and
submitted to Southwest Laboratories of Oklahoma for analysis by EPA Method 8330 on
day 26. Day Last sampling was delayed five days due to scheduling conflicts with Aqua
Survey, Incorporated, the laboratory utilized for toxicity analysis. SOPS  for toxicity
analysis are presented in Appendix G, Toxicity Testing and Leaching Procedures, of
the FS-QAPP [MK, 1998~1.  Toxicity analysis of this Windrow S-001 was performed on
Day Last, and the results of this study will be provided under a separate report.
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TABLE 3-l
SUMMARY OF FIELD TEST KIT RESULTS

Notes: ppm: parts per million
nd: not detected
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4.0
LABORATORY ANALYSIS

The constituents of concern for MFA include explosives, metals and volatile organics.
Analysis of the SWMU specific contaminants listed in Section 1.4.2.1 of the FS-QAPP
[MK, 1998c]  was performed for all pre-excavated soil by Southwest Laboratory of
Oklahoma, Inc.

4.1 METALS AND VOLATILES  ANALYSIS

Samples of contaminated soil from MFA were collected analyzed for metals (EPA
Methods 6010 and 7470) and volatiles (EPA Method 8240) prior to excavation. Levels
of site-specific total metals and volatiles contamination did not exceed any of the
established Industrial Use Cleanup Goals (Table l-2 of the FS-QAPP [MK, 1998cJ)  and
therefore, further metal and volatile analysis were not required during cornposting
activities. Analytical data associated with pre-excavation characterization samples are
available at the Bioremediation Facility Office.

4.2 EXPLOSIVES ANALYSIS ^

Samples collected for explosives analysis by EPA Method 8330 prior to excavation
showed levels which exceeded Industrial Use Cleanup Goals (Table l-2 of the FS-
QAPP [MK, 1998c]).  Soil exceeding the Industrial Use Cleanup Goals was screened,
composted and submitted for analysis on the day of Windrow S-001 formation (Day 0).
Field screening was performed weekly to monitor the RDX and TNT levels. A final
compost sample was collected 26 days after Windrow S-001 formation (Day Last) once
the field test kits indicated RDX and TNT levels were below detectable levels.
Samples for explosive analysis were collected from each of the five cross sections. At
each cross section, locations 1, 2, and 3 grab samples were collected for a total of
fifteen samples per windrow as outlined in the FS-OP [MK, 1998b].  The fifteen samples
were averaged to obtain a single Day 0 average concentration for each explosive
compound, and a single Day Last average concentration for each explosive compound.
The average concentration was calculated by using the result when concentrations
were above the reporting limits. Reporting limit is defined as the threshold value below
which the laboratory cannot accurately quantify, although it is possible to detect
analytes below this threshold value. For those results which fell below the reporting
limit, the value of the reporting limit was used in the calculation. Calculation of the
average concentration in this manner presents a worst case scenario in calculation of
the average concentration and percent reduction of the target constituents. A summary
of the these results is located in Appendix G.

Degradation of the explosives compounds was evaluated for each compound in order
to ensure that the Industrial clean-up levels were achieved and that the criteria of 90-
99% reduction range between the Day 0 and Day Last explosive compound
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concentrations was obtained. HMX, RDX, TNT, 2A46DT,  and 4A26DT  were the only
compounds found in the initial Day 0 characterization. Most of the Day 0 samples
contained very high levels of RDX, HMX and TNT which required sample dilutions in
order to bring them into the calibration range of the instrument. Due to the high levels
of RDX, HMX and TNT and the subsequent dilutions, the reporting limits of other target
analytes were elevated to reflect this dilution. By evaluating the average concentration
of each explosive contaminant from Day 0 to Day Last, the percent reduction was
calculated. Appendix H contains the reduction values for each contaminant. Percent
reduction is only applicable to those compounds found to be present above the
reporting limits during the Day 0 characterization.

.-.

-.
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5 . 05 . 0
DATA QUALITY CONTROL

All data associated with Windrow S-001 monitoring were verified, and at least 10% of
the samples were validated by MK personnel following the procedures outlined in
Section 9.0 of the FS-QAPP [MK, 1998c].  Data was compared with field and laboratory
quality control (QC) sample data to assess the data’s usability for supporting
operational decisions. The results of this data verification and validation are presented
in this section.

Data associated with the monitoring of Windrow  S-001 were verified by reviewing chain-
of-custody forms, sample preservation records, analytical holding times, requested
turnaround times, and sample data in comparison to analytical quality assurance
objectives. Data quality objectives (DQOs)  were established to ensure the quality of the
analytical data produced by the laboratory. These quality objectives were evaluated by
monitoring the precision, accuracy, representativeness, completeness, and
comparability of the measured data which are outlined in Table 3-l through Table 3-8 of
the FS-QAPP [MK, 1998c] . .

5 . 15 . 1 PRECISION

Precision is a measure of the reproducibility of measurements under a given set of
conditions. Precision is usually stated in terms of relative standard deviation (RSD) or
relative percent difference (RPD). Field duplicates and replicate samples were used to
determine the precision of the sampling process. Laboratory matrix spikes (MS) and
matrix spike duplicates (MSD) as well as laboratory control samples (LCS) and lab
control sample duplicates (LCSD) were used to determine the precision of the analytical
process.

Field duplicates were collected at a frequency of 10% of the total number of samples
collected. Two field duplicates were collected, one each on Day 0 and Day 26. A
summary of the relative percent difference is shown in Appendix I. RDX, TNT, and
HMX showed RPD levels less than 25% in both field duplicates collected during
Windrow  S-001 monitoring. One explosive contaminant, 4-Amino-2,6-dinitrotoluene
(4A26DT),  had an elevated RPD value of 72% in the Day 0 field duplicate. This high
RPD can be attributed to the non-homogeneous matrix type of Day 0 composting
material.

Precision in the laboratory is assessed through the calculation of RPD and limits are
established by EPA SW 846 methods. Laboratory duplicates consisting of MSlMSD
were performed on each analytical batch of samples processed. Several matrix spike
recoveries exceeded acceptable RPD values in the Day 0 analysis. In these cases,
non-homogeneity of the sample matrix contributed to the increased variability seen in
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the recovery of the matrix spike analytes. All analytes in Day 26 analysis had
acceptable RPD values less than 40%. In all cases, acceptable RPD values were
obtained in the analysis of the LCSILCSD.

Precision of the field test kits was also evaluated using sample duplicates. Sample
duplicates were analyzed with the Field Test Kits for explosive analysis to assess the
precision of these test kits. Analysis of sample duplicates for the test kits was
performed at a frequency of 5%. Sample duplicate analysis showed RPD values less
than 45% for all replicate field analysis performed.

5.2 ACCURACY

Accuracy is a measure of the bias in a measurement system, and is defined as the
closeness of the reported value to the true value. The accuracy of a measurement
system was assessed by evaluating the results of quality control samples such as
matrix spikes, analytical surrogates and the use of field blanks and equipment rinsate
blanks. Accuracy is expressed as a percent recovery of a compound from a sample
spiked with known concentrations of target compounds. Accuracy for laboratory
samples is also assessed through adherence to all sample handling, preservation and
holding times. All samples were handled properly, preserved correctly, and adhered to
the holding times established for this project.

Field blanks and equipment rinsate blank data are used to identify potential sources of
error introduced during sampling or any source of contamination in the rinse water.
Equipment rinse blanks were collected for each batch of samples submitted to the
laboratory. A field blank was also collected from each source of dionized water every
month representing the water source used for equipment decontamination. Explosive
contamination was not found in any rinse blank or field blank. Based on these results it
is clear that no explosive cross-contamination has occurred during collection, shipping,
or storage.

Laboratory accuracy was assessed against the criteria established in Table 3-2 of the
FS-QAPP [MK, 1998~1  through the analysis of surrogates, laboratory control standards,
sample matrix spikes, or standard reference materials and the determination of percent
recoveries. Surrogate spikes are known amounts of non-target compounds which are
introduced into all samples prior to extraction in order to evaluate the efficiency of the
sample preparation and analysis. Surrogate recoveries were acceptable for all samples
analyzed.

The LCS and LCSD are samples prepared in the laboratory and consist of clean soil or
water spiked with known amounts of target analytes which is processed through the
same preparation as field samples. Evaluation of the spike recoveries gives an
indication of analysis accuracy in a clean matrix. Recoveries of all standard matrix
spikes (lab control samples) were acceptable based on project DQO.
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Sample MS and MSD are field samples which have been spiked with a known amount
of target analytes and processed through the preparation and analysis with the field
samples. Two spiked aliquots (MSIMSD)  were processed and the results compared to
known concentrations of the spiking solution to determine recoveries. The recoveries of
the matrix spike samples were varied. In some of situations, elevated recoveries are
likely due to low spiking concentrations used in the laboratory relative to the
concentration of the analyte found initially in the sample. This was seen primarily of
HMX, TNT, and RDX due to the high sample concentrations of these compounds. In
the remaining situation two explosive contaminants, 4-ADNT, and 2-ADNT had
elevated recoveries in the matrix spike of 150% and 145% respectively. This elevated
recovery is attributed to the dilution required for analysis based on levels of other
explosive contaminants in the sample.

Laboratory method blanks can also be used to evaluate bias in the measurement.
Method blanks were prepared and analyzed with the samples in order to evaluate
potential target compounds or interferences from laboratory glassware, reagents and/or
solvents used in the preparation and analysis of samples. Laboratory method blanks
did not show the presence of any target analytes above the reporting limits. Results of
the method blanks were acceptable for all analytes.

Accuracy of the field test kits were evaluated through the analysis of a field check
standard. This standard was analyzed with each batch of samples processed at a
frequency of 10%. The results of all field checks standards are recorded on the field
test sheets in Appendix F. Recoveries of these standards are within acceptable limits
established for this project.

5.3 REPRESENTATIVENESS

The~representativeness of the data is the degree to which data represent a
characteristic of a population, parameter variations at a sampling point, or an
environmental condition. Representativeness is a qualitative parameter which is
controlled through sampling in accordance the sampling program outlined in the FS-
QAPP [MK, 1998c].  All documentation from sampling and analysis demonstrates that
the requirements of the QAPP have been adhered to and proper sampling techniques
and sample preservation procedures have been followed.

5.4 COMPLETENESS

Completeness is a measure of the amount of valid data obtained from an analytical
data set compared to the amount that was expected to be obtained under normal
sampling and analytical conditions. Completeness is based on only those samples
collected and submitted for laboratory analysis. All results were obtained and
determined valid for samples collected from Windrow  S-001 for monitoring purposes.
This indicates a 100% completeness for Windrow S-001.
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5.5 COMPARABILITY

Comparability expresses the confidence with which one data set can be compared to
another. Samples from Wrndrow  S-001 were considered comparable because they
were collected following the same sample collection procedures throughout windrow
monitoring. Field SOPS  were established to collect representative samples in a
consistant manner. In addition, all samples were analyzed by the same analytical
methods throughout this project as established by the laboratory SOPS. Minor changes
in analysis did not occur throughout the analysis of Windrow  S-001 which is
demonstrated by the low variability seen in the data. The analytical laboratory’s QC
program was designed to establish consistency in the performance of the analytical
process.
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6 . 06 . 0
CONCLUSIONS

During full-scale operations, remedial goals will be the industrial level remediation goals
for all SWMU specific contaminants. These goals are presented in Table 1-2 of the FS-
QAPP [MK, 1998~1.  The compost mix, identified as Mix 78 tested to be successful in
pilot-scale activities was utilized to create Wndrow  S-001 in full scale operations. This
mix, consisting of 15% chicken manure, 60% straw, and 25% contaminated soil, was
successful at meeting remediation goals for all SWMU specific contaminants at levels
below the industrial clean-up levels by Day 26. The results of Windrow  S-001, the first
windrow of full-scale operations favorably compare to pilot-scale operational
predictions. Further, residential clean-up goals presented in Table l-l of the FS-QAPP
[MK, 1998c]  were obtained for all explosive contaminants by Day 26.

Windrow S-001 has also reached its performance goals by demonstrating at least 90%
reduction of all contaminants as required by the Full-Scale Operations Plan. The
average degradation was 98%. The lowest degredation was seen with 2A46DT  with
97% reduction, and the highest degredation occurred with TNT and RDX, both with
99% reduction. The observations presented here indicate that bioremediation by
composting utilizing the amendment recipe selected has met the perfoormance  and
remedial goals of this project. Based on the success of the first windrow, full-scale
operations will continue with this composting amendment mixture for contaminated soil
in MFA. Increase in soil loading may be performed based on results of the pilot-scale
size windrow testing using 30% soil.
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SOP 3.0 FIGURE 2a Revised 02l25198

c IJeuTti , RECYRD OF RECIPE (MIX NO. 76)
Building # 3 Windrow  # PERFORMED By:

DATE: 4 l/.31 9 8 i.F/a&L=/  0~4 INSPECTED BY:
/

Chicken Manure 3 CY 43% Pounds
S t r a w  ! I 2  CY  2700 P o u n d s
Soil 5 C Y  1 l-300 P o u n d s

ACTUAL QUANTITY
Location: M\rdC



SOP  3.0 FIGURE 2a Revised 0212Sig8

.sout4 RECORD OF RECIPE (MIX NO. 78)
Building # Windro$ # I2 PERFORMED

DATE: 4 l/3/3$ fl&c’z  ~4 INSPECTED BY:

Design Quantity: Chickee  Manure 3 CY 4% Pounds
(2ER BAT+) Straw j 12 CY 22-2 Pounds

Soil ~ 5 CY I I mo Pounds

Supplier: \JX84SFl
ACTUAL QUANTIM

Somments: :



SOP  3.0 FIGURE 2a Revised bZ25/99

INSPECTED BY:

Design Quantity: Chickeh  Manure 3 CY 4sSt Pounds
( ?EC =bATCY) S t r a w  i/ zC Y  2’~zcoPounds

Soil I 5 CY Il,n-m Pounds

Supplier GkW~
ACTUAL QUANTITY

Comments:



SOP 3.0 FIGURE 2a Revised 02125198

r3> RECqRD  OF RECIPE (MIX NO. 78)
Building # .%a  Windrow  # PERFORMED By:

DATE: rA31-E  4 OF  44 I#I 78 INSPECTED BY:

Design Quantity: Chickeh  Manure 3 CY 43% Pounds
C&k aATcl<  ) Straw I / 2 CY220~ Pounds

Soil -!$  S CY , I mo Pounds

Supplier l&,SASl-\

TOTRL  P.lE
,.
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NSWC Crane BioFacility l-u\1  Scale Windrow  SO01
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,” ,,cI^_y_),.~-.ml___mj-e-- _- ~~ I---*is**. -. -. ,_.,.,
Average Daily Windrow  Temperature Summary Report
Windrow  Number Construction Date Date Monitored Age (Days) PRE-Turn (Deg C) POST-Turn (Deg C)

4 / 1 5 / 9 84 / 1 5 / 9 8 00

4 / 1 6 / 9 84 / 1 6 / 9 8 11

4 / 1 7 / 9 84 / 1 7 / 9 8 22

4 / 1 8 / 9 84 / 1 8 / 9 8 33

4 / 1 9 / 9 84 / 1 9 / 9 8 44

4 / 2 0 / 9 84 / 2 0 / 9 8 55

4 / 2 1 / 9 84 / 2 1 / 9 8 66

4 / 2 2 / 9 84 / 2 2 / 9 8 77

4 / 2 3 / 9 84 / 2 3 / 9 8 aa

4 / 2 4 / 9 84 / 2 4 / 9 8 99

4 / 2 5 / 9 84 / 2 5 / 9 8 1 01 0

4i23984i2398 1 11 1

4 / 2 7 / 9 84 / 2 7 / 9 8 1 21 2

4 / 2 8 / 9 84 / 2 8 / 9 8 1 31 3

4 / 2 9 / 9 84 / 2 9 / 9 8 1 41 4

4 i - 3 0 1 9 84 i - 3 0 1 9 8 1 51 5

5 / l / 9 85 / l / 9 8 1 61 6

S/Z98S/Z98 1 71 7

ml98ml98 1 81 8

5 / 4 / 9 85 / 4 / 9 8 1 91 9

S / 5 / 9 8S / 5 / 9 8 2 02 0

S / 6 / 9 8S / 6 / 9 8 2 12 1

W/98W/98 2 22 2

5 / 8 / 9 85 / 8 / 9 8 2 32 3

5 / 9 / 9 85 / 9 / 9 8 2 42 4

5 / 1 0 / 9 85 / 1 0 / 9 8 2 52 5

5 / 1 1 / 9 85 / 1 1 / 9 8 2 62 6

4 8 . 5 74 8 . 5 7

5 9 . 9 05 9 . 9 0

6 1 . 2 06 1 . 2 0

6 2 . 3 06 2 . 3 0

5 6 . 8 35 6 . 8 3

6 7 . 7 06 7 . 7 0

5 9 . 4 05 9 . 4 0

6 7 . 0 36 7 . 0 3

7 1 . 3 77 1 . 3 7

6 3 . 5 06 3 . 5 0

8 4 3 78 4 3 7

6 1 . 1 36 1 . 1 3

7 0 . 0 07 0 . 0 0

6 9 . 6 06 9 . 6 0

7 1 . 7 77 1 . 7 7

LL 7 0 . 3 37 0 . 3 3

6 9 . 2 06 9 . 2 0

6 7 . 7 06 7 . 7 0

6 7 . 8 36 7 . 8 3

6 8 . 9 06 8 . 9 0

6 7 . 4 36 7 . 4 3

6 7 . 5 06 7 . 5 0

6 6 . 0 76 6 . 0 7

6 7 . 1 06 7 . 1 0

6 1 . 3 06 1 . 3 0

5 9 . 1 75 9 . 1 7

3 3 . 5 33 3 . 5 3

4 3 . 0 74 3 . 0 7

4 9 . 7 04 9 . 7 0

5 1 . 6 75 1 . 6 7

50,8750,87

5 1 . 5 35 1 . 5 3

5 8 . 6 05 8 . 6 0

5 3 . 3 05 3 . 3 0

6 0 . 7 36 0 . 7 3

6 1 . 5 06 1 . 5 0

5 9 . 4 75 9 . 4 7

56.1056.10

5 6 . 9 35 6 . 9 3

5 9 . 8 35 9 . 8 3

6 2 . 8 36 2 . 8 3

6 3 . 5 06 3 . 5 0

6 0 . 2 06 0 . 2 0

6 1 . 4 36 1 . 4 3

6 1 . 4 06 1 . 4 0

6 0 . 8 06 0 . 8 0

6 0 . 0 76 0 . 0 7

6 0 . 8 76 0 . 8 7

6 0 . 0 76 0 . 0 7

5 4 . 3 35 4 . 3 3

5 3 . 8 75 3 . 8 7

5 4 . 7 75 4 . 7 7

5 5 . 8 05 5 . 8 0

All  average temperatures ore in degrees centigrade



NSWC Crane BioFacility  Full Scti,d  Windrow  Monitoring Activity

Windrow  Average Daily Ambient Temperature

7 07 0

6 0 .6 0 .

5 0  5 0  --

flfl. 2.2 4 0 .4 0 .

55
00

00
II 22 33 44 66 66 77 88 99 1 01 0 1 11 1 1 21 2 1 31 3 1 41 4 1 51 5 1 61 6 1 71 7 1818 1 91 9 2 02 0 2 12 1 2 22 2 2 32 3 2 42 4 2 52 5 2 62 6 2 72 7 2 82 8 2 92 9 3 03 0 3 13 1 3 23 2 3 33 3 3 43 4 3 53 5

WindrowWindrow   AgeinDaysAgeinDays

Morrison Knudsen Corporation



.-*-.I-- “.xL_~~~ .-_Ll-^i...~._.”  ,..,..,..  _“,_“/ ,,,.,

Daily Ambient Temp!&ature  Summary Report
,x, ,.,.,.,  ^,

Windrow  Number Construction Date Date Monitored Age (Days) Temperature (Deg  C)

0 10 1 4 / 1 5 / 9 a4 / 1 5 / 9 a 4 / 1 5 , 9 64 / 1 5 , 9 6 00 1 2 . 0 01 2 . 0 0

4 / 1 6 / 9 64 / 1 6 / 9 6

4 / 1 7 / 9 64 / 1 7 / 9 6

4 / 1 a J s a4 / 1 a J s a

4 / 1 9 / 9 64 / 1 9 / 9 6

4 i 2 0 1 9 64 i 2 0 1 9 6

4m/sa4m/sa

4ml984ml98

4m/sa4m/sa

4/ 2 4 / 9 64 / 2 4 / 9 6

4 / 2 5 / 9 64 / 2 5 / 9 6

4 / 2 6 / 9 84 / 2 6 / 9 8

4 / 2 7 / 9 64 / 2 7 / 9 6

4 i z a i 9 a4 i z a i 9 a

4 / 2 9 / 9 a4 / 2 9 / 9 a

4/30/9a4/30/9a

6 / l / 9 86 / l / 9 8

5ma5ma

5/3 / 9 a5 / 3 / 9 a

5 / 4 / 9 a5 / 4 / 9 a

5 / 5 / 9 65 / 5 / 9 6

5 / 6 / 9 a5 / 6 / 9 a

5msa5msa

5/a / 9 85 / a / 9 8

5 / 9 / 9 85 / 9 / 9 8

5 1 1 0 1 9 85 1 1 0 1 9 8

5 / 1 1 1 9 a5 / 1 1 1 9 a

11

22

33

44

55

66

77

aa

99

1 01 0

1 11 1

1 21 2

1 31 3

1 41 4

1 51 5

1 61 6

1 71 7

i ai a

1 91 9

2 02 0

2 12 1

2 22 2

2 32 3

2 42 4

2 52 5

2 62 6

1 2 . 0 01 2 . 0 0

4 . 0 04 . 0 0

7 . 0 07 . 0 0

a . 0 0a . 0 0

9 . 0 09 . 0 0

9 . 0 09 . 0 0

9 . 0 09 . 0 0

7 . 0 07 . 0 0

1 2 . 0 01 2 . 0 0

1 4 . 0 01 4 . 0 0

1 7 . 0 01 7 . 0 0

7 . 0 07 . 0 0

6 . 0 06 . 0 0

1 3 . 0 01 3 . 0 0

1 6 . 0 01 6 . 0 0

1 5 . 0 01 5 . 0 0

1 7 . 0 01 7 . 0 0

1 8 . 0 01 8 . 0 0

1 2 . 0 01 2 . 0 0

1 6 . 0 01 6 . 0 0

1 7 . 0 01 7 . 0 0

1 6 . 0 01 6 . 0 0

1 6 . 0 01 6 . 0 0

1 4 . 0 01 4 . 0 0

1 6 . 0 01 6 . 0 0

1 3 . 0 01 3 . 0 0

All  temperatures are in degrees centigrade
Tuesday, September 29,1998
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Average Daily Windrow  WHC Summa y Report

~‘indrow  Number Construction Date Date Monitored Age (Days) PRE-Turn (%)  POST-Turn (“A)

s o 0 1s o 0 1 4 / 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8 00

4 / 1 7 / 9 84 / 1 7 / 9 8 22

4/19/984/19/98 44

4 / 2 1 / 9 84 / 2 1 / 9 8 66

4 / 2 3 / 9 84 / 2 3 / 9 8 88

4!26/984!26/98 1 11 1

4i291984i29198 1 41 4

4 / 3 0 / 9 84 / 3 0 / 9 8 1 51 5

5 1 4 1 9 85 1 4 1 9 8 1 91 9

5/7&a5/7&a 2 22 2

5 / 8 / 9 85 / 8 / 9 8 2 32 3

4 8 . 0 84 8 . 0 8

47.8847.88

4 8 . 4 04 8 . 4 0

4 8 . 2 24 8 . 2 2

4 7 . 4 04 7 . 4 0

44864486

5 0 . 3 05 0 . 3 0

4 2 . 1 44 2 . 1 4

5 1 . 8 65 1 . 8 6

5 0 . 4 85 0 . 4 8

4 8 . 6 04 8 . 6 0

All  overage MWHC values are expressed in percent

Generated: 29-Sep-98
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NSWC Crane BioFacility  Full Scale Wmdrow  Monitoring Activity

W
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Average WHC and Moisture Addition

Moisture Added 2000 gal lons Moisture Added 1500 gal lons Moisture Added 1500 gal lons

55 .

1,

5 0  . L .

.. I A,
.

.

4 5 .

4oh
,

Opt imum

Operat ing

Range

3 0

UlY96 4iw9a 40  9196 4/21/96 412399 4/26/96 U29196 4/30/96 6lu9a W/96 516i98

Sample Date



NSWC Crane Full Scale Vbdlrovu  Monitoring Activity

Average Daily Percent Humidity

40.
,
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II 22 33 44 66 66 77 66 99 I OI O 1 11 1 1 21 2 1 31 3 1 41 4 1 61 6 1 61 6 1 71 7 1 61 6 1 91 9 2 02 0 2 12 1 2 22 2 2 32 3 2 42 4 2 52 5 2 62 6 2 72 7 2 62 6 2 92 9 3 03 0 3 13 1 3 23 2 3 33 3 3 43 4 3 53 5

WindrowWindrow   AgeinDaysAgeinDays
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NSWC Crane BioFacility , JII  Scale Windrow  S-001

Constructed April 15, 1998

Windrow  Average Daily Oxygen

-A- POST

m -*--FE

/.
6 . .

/
\ . ,

.
4 .4 .

. .

2 .2 .
\/ \ / \l t.

\

011/’ , , , , , , ,
1 2  2  3 4  4  5 6 7 6 9  9  +O 11 1 2  1 3  1 4  1 5  1 2  1 3  1 4  1 5  16  17 (9 1919  2 0  2 1  2 2  2 3  2 4  2 5  2 6  2 7  2 8  2 9   2 0  2 1  2 2  2 3  2 4  2 5  2 6  2 7  2 8  2 9  30 3 1  3 2  3 3  3 4  3 53 1  3 2  3 3  3 4  3 5

Windrow  Age in Lhys

Ran!

-

Morrison Knudsen Corporation



Average Daily Windrow Oxygen Summary Report

-Yndrow  Number Construction Date Date Monitored Age (Days) PRE-Turn  (“4) POST-Turn (%)

so01so01 4 / 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

4 / 1 6 / 9 84 / 1 6 / 9 8

4 / 1 7 / 9 84 / 1 7 / 9 8

4 / 1 8 / 9 84 / 1 8 / 9 8

4 / 1 9 / 9 84 / 1 9 / 9 8

4 / 2 0 / 9 84 / 2 0 / 9 8

4 / 2 1 / 9 84 / 2 1 / 9 8

4mYS84mYS8

4i23&84i23&8

4R4/964R4/96

4 / 2 5 / 9 84 / 2 5 / 9 8

4RW984RW98

41 2 7 1 9 84 1 2 7 1 9 8

4 / 2 8 / 9 84 / 2 8 / 9 8

4 1 2 9 / 9 84 1 2 9 / 9 8

4 1 3 O l 9 64 1 3 O l 9 6

5 / l / 9 85 / l / 9 8

5 / 2 / 9 65 / 2 / 9 6

X3,98X3,98

5 / 4 / 9 85 / 4 / 9 8

5 / 5 / 9 85 / 5 / 9 8

5 / 6 / 9 85 / 6 / 9 8

5 1 7 l 9 85 1 7 l 9 8

5 / 8 / 9 85 / 8 / 9 8

5lW985lW98

5 / 1 0 / 9 65 / 1 0 / 9 6

5 / 1 1 / 9 65 / 1 1 / 9 6

00

11

22

33

44

55

66

77

88

99

1 01 0

1 11 1

‘2 .  . .  .

1 31 3

1 41 4

1 51 5

1 61 6

1 71 7

1 81 8

1 91 9

2 02 0

2 12 1

2 22 2

2 32 3

2 42 4

2 52 5

2 62 6

7 . 6 37 . 6 3

1 0 . 2 31 0 . 2 3

1 2 . 2 31 2 . 2 3

1 2 . 1 31 2 . 1 3

1 4 . 3 71 4 . 3 7

9 . 9 39 . 9 3

1 3 . 4 31 3 . 4 3

1 0 . 9 71 0 . 9 7

7 . 7 77 . 7 7

1 1 . 8 31 1 . 8 3

1 2 . 0 31 2 . 0 3

1 2 . 8 31 2 . 8 3

1 1 . 8 01 1 . 8 0

4 . 7 04 . 7 0

6 . 0 76 . 0 7

2 . 4 02 . 4 0

4 . 3 74 . 3 7

6 . 3 76 . 3 7

6 . 5 76 . 5 7

5 . 1 75 . 1 7

2 . 6 02 . 6 0

2 . 3 02 . 3 0

3 . 7 73 . 7 7

4 . 1 34 . 1 3

0 . 0 70 . 0 7

0 . 9 70 . 9 7

1 6 . 0 01 6 . 0 0

1 3 . 1 71 3 . 1 7

1 2 . 2 31 2 . 2 3

1 6 . 0 71 6 . 0 7

1 6 . 7 31 6 . 7 3

1 6 . 2 01 6 . 2 0

1 1 . 2 71 1 . 2 7

1 4 . 7 71 4 . 7 7

1 5 . 2 71 5 . 2 7

1 1 . 7 71 1 . 7 7

1 3 . 6 71 3 . 6 7

1 3 . 9 31 3 . 9 3

1 4 . 6 01 4 . 6 0

1 3 . 8 71 3 . 8 7

1 3 . 5 01 3 . 5 0

1 2 . 0 71 2 . 0 7

1 4 . 6 71 4 . 6 7

1 4 . 2 31 4 . 2 3

1 4 . 3 31 4 . 3 3

1 3 . 0 01 3 . 0 0

1 3 . 6 01 3 . 6 0

1 2 . 2 71 2 . 2 7

1 0 . 4 01 0 . 4 0

1 2 . 7 71 2 . 7 7

1 3 . 7 31 3 . 7 3

1 1 . 9 01 1 . 9 0

7 . 8 37 . 8 3

All  average O.xygen  values are expressed as a percent

Generated: 29-Sep-98
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Average Daily Windrow  PH Summary Report
-

hindrow  Number Construction Date Dale  Monitored Ape  (Days) PRI-Turn  (STD  Units)

so01so01 4 / 1 5 / 9 64 / 1 5 / 9 6 4 1 1 5 1 9 64 1 1 5 1 9 6 00

4 1 2 3 1 9 64 1 2 3 1 9 6 66 6 . 4 46 . 4 4

4 / 2 9 / 9 64 / 2 9 / 9 6 1 41 4 6 . 5 66 . 5 6

5 / 6 / 9 65 / 6 / 9 6 2 32 3 6 . 6 66 . 6 6

-

AI1  average PH  values are expressed in standard units

Generated: 08~Jul-98
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JUL-06-1998 08:44 MK CRANE
Y”“-,,  *- . :

P.O1

RDX SblL TEST KIT WORKSHEET

ABSORBANCE



P‘-
JY-&;

-

JUL-Es-1998  as:45 MK  CRRNE P . 0 4

1 ‘ioc7“  ’ TNT +ML  TE&‘KIT  WORKSHEET
Abs background

!
0.m’ fihx %V. Abscontrol *d 3YL. o.a35ew

-



JUL-06-1998  0a:45 MK CRRNE P.02

K4uYux

s//w RDX S+IL TEST KIT WORKSHEET

ABSORBANCE RDX CONC., PPM

‘1  Abs”background”  -‘@?v, 2) Abs=contro,-~ 0.  =rw- 3, Abs”Nitrate/Nitrite”-_



JUL-06-1998  !a:46 MK CRQNE

TNT ~O&&~  i-&T  WORKSHEET

P.05

Abs control 0.  3 3
44 55 66



JUL-06-1998  OS:45 IIK CRFlNE

CW

-u i‘\  -u

RDX S@IL TEST KIT WORKSHEET

P.03

ABSORBANCE RDX CONC., PPM
R D X



JUL-06-1998  B’S:46 NK  CRANE P.06

cv
e iu TNT *OIL  TEST KIT WORKSHEET

Abs cxxltrol cl*  3 5.5
1 2 : 3 4 5
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-
Average Windrow  Explosive Summary  Report

Windrow Compound Construction Date Date Monitored Age (Days) Avg. Cone. (UG/KG)

s o 0 1s o 0 1 135TNB135TNB 4/ 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

13DNB13DNB 4/ 1 5 / 9 84 / 1 5 / 9 8 4 , 1 5 / 9 84 , 1 5 / 9 8

2 4 6 T N T2 4 6 T N T 4 / 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

2 4 D N T2 4 D N T 4 / 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

26DNT26DNT 4/ 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

2A46DT2A46DT 4/ 1 5 / 9 84 / 1 5 / 9 8 4 1 1 5 1 9 84 1 1 5 1 9 8

2NT2NT 4/ 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

3 N T3 N T 4 / 1 5 / 9 64 / 1 5 / 9 6 4 / 1 5 / 9 84 / 1 5 / 9 8

4A26DT4A26DT 41 1 5 1 9 84 1 1 5 1 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

4 N T4 N T 4 / 1 5 / 9 64 / 1 5 / 9 6 4 / 1 5 / 9 84 / 1 5 / 9 8

H M XH M X 4/ 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

NENE 4/ 1 5 / 9 84 / 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

P E T NP E T N 4 1 1 5 1 9 84 1 1 5 1 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

R D XR D X 41 1 5 / 9 84 1 1 5 / 9 8 4 / 1 5 / 9 84 / 1 5 / 9 8

T E T R Y LT E T R Y L 4 / , 5 , 9 84 / , 5 , 9 8 4 , 1 5 / 9 84 , 1 5 / 9 8

00

00

00

00

00

00

00

00

00

00

00

00

00
_ ._ .

00

00

1 2 5 0 01 2 5 0 0

1 2 5 0 01 2 5 0 0

1 2 2 5 4 71 2 2 5 4 7

1 2 5 0 01 2 5 0 0

1 3 0 0 01 3 0 0 0

85488548

1 2 5 0 01 2 5 0 0

1 2 5 0 01 2 5 0 0

1 5 2 7 31 5 2 7 3

1 2 5 0 01 2 5 0 0

1 5 5 7 2 51 5 5 7 2 5

1 3 0 0 01 3 0 0 0

1 2 5 0 01 2 5 0 0

1 2 1 5 5 0 01 2 1 5 5 0 0

3 2 5 0 03 2 5 0 0



Average Windrow  Explosive Summary Report

Windrow Compound Construelion  Date Date Monitored Age (Days) Avg. Cont.  (UG/KG)

so01 135TNB 4/l 596 5/l i/$6

13DNB 4/15/98 5/11/96

246TNT 4/l 5198 5/l l/96

24DNT 4/l 5196 5/11198

26DNT 4/l 5/96 5/l 1 I96

2A46DT 4/l 5196 5/l II96

2NT 4/l 998 5/11/98

3NT 4/15/98 5/l II98

4A26DT 4/l 5196 6/l II98

4NT 4/15/98 5/11/96

H M X 4/l  398 5/I I/98

NS 4/l 5198 5/11/96

PETN 4/l 5198 6/l 1198

RDX 4/l 5196 6/l I/98

TETRYL 4/15/98 5/l 1198

2 6 2 5 0

2 6 2 5 0

2 6 3 7 7

2 6 2 5 0

2 6 2 6 0

2 6 2 5 0

2 6 2 5 0

2 6 2 5 0

2 6 2 5 0

2 6 2 5 0

2 6 2 0 9 8

2 6 2 6 0

2 6 2 5 0
L

2 6 9 9 3

2 6 6 5 0

Wednesday, July 15.1998
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Avemge  Windrow Explosive Sammary  Report

Wimfro w Compound Construction Date Date Monitored Age (Days) Avg. Cone.  (UGXG)

so01so01

s o o ts o o t

SOOlSOOl

so01so01

so01so01

so01so01

so01so01

so01so01

so01so01

so01so01~ _ ~~ _ ~

s o01so01

so01so01

so01so01

so01so01

so01so01

so01so01

so01so01

SO01SO01

so01so01

so01so01

so01so01

135TNB135TNB

135TNE135TNE

13DNEI13DNEI

13DNE13DNE

2 4 6 T N T2 4 6 T N T

2 4 6 T N T2 4 6 T N T

24DNT24DNT

2 4 D N T2 4 D N T

2 6 D N T2 6 D N T

2 6 0 N T2 6 0 N T

2A46DT2A46DT

2A46DT2A46DT

2NT2NT

2NT2NT

3 N T3 N T

3 N T3 N T

4A260T4A260T

4A26DT4A26DT

4 N T4 N T

4 N T4 N T

H M XH M X

4/ 1 5 , 9 64 / 1 5 , 9 6   4/ 1 5 / 9 84 / 1 5 / 9 8 00 1 2 5 0 01 2 5 0 0

4/s/984/s/98   5/ 1 1 / 9 65 / 1 1 / 9 6 2 62 6 2 5 02 5 0

135TNB Percent Reduction
4 / 1 5 / 9 84 / 1 5 / 9 8   4/ 1 5 / 9 84 / 1 5 / 9 8 00 1 2 5 0 01 2 5 0 0

4 / 1 5 / 9 64 / 1 5 / 9 6   5/ 1 1 / 9 65 / 1 1 / 9 6 2 62 6 2 5 02 5 0

I3DNB Percent Reduction
4 / 1 5 / 9 64 / 1 5 / 9 6   411998411998 00 1 2 2 6 4 11 2 2 6 4 1

4 / 1 5 / 9 64 / 1 5 / 9 6   5/ 1 1 / 9 85 / 1 1 / 9 8 2 62 6 3 7 73 7 7

246TNT Percent Reduction
4 / 1 5 / 9 84 / 1 5 / 9 8   4/ 1 5 / 9 84 / 1 5 / 9 8 00 1 2 5 0 01 2 5 0 0

4 / 1 5 / 9 64 / 1 5 / 9 6   5/ 1 1 / 9 65 / 1 1 / 9 6 2 62 6 2 5 02 5 0

24DNT --Percent Reduction

4 / 1 5 / 9 84 / 1 5 / 9 8  4 1 1 5 1 9 8 4 1 1 5 1 9 8 00 1 3 0 0 01 3 0 0 0

4 / 1 5 / 9 84 / 1 5 / 9 8  5 1 1 1 1 9 8 5 1 1 1 1 9 8 2 62 6 2 6 02 6 0

26DNT Percent Reduction

4 / 1 5 / 9 64 / 1 5 / 9 6   4/ 1 5 / 9 64 / 1 5 / 9 6 00 8 6 4 08 6 4 0

4 / 1 5 / 9 64 / 1 5 / 9 6  5 1 1 1 1 9 8 5 1 1 1 1 9 8 2 62 6 2 5 02 5 0

2A46D T Percent Reduction
4 / 1 5 / 9 64 / 1 5 / 9 6   4/ 1 5 / 9 84 / 1 5 / 9 8 00 1 2 5 0 01 2 5 0 0

4 / 1 5 / 9 64 / 1 5 / 9 6  5 1 1 1 1 9 8 5 1 1 1 1 9 8 2 62 6 2 5 02 5 0

2NT Percent Reduction
4 / 1 5 / 9 84 / 1 5 / 9 8   41 1 5 1 9 84 1 1 5 1 9 8 00 1 2 5 0 01 2 5 0 0

4 / 1 5 / 9 84 / 1 5 / 9 8   5/ 1 1 / 9 65 / 1 1 / 9 6 2 62 6 2 5 02 5 0

3NT Percent Reduction
4 / 1 5 / 9 04 / 1 5 / 9 0   4/ 1 5 / 9 64 / 1 5 / 9 6 00 1 5 2 7 31 5 2 7 3

4 1 1 5 / 9 84 1 1 5 / 9 8   S/I I I 9 8I I 9 8 2 62 6 2 5 02 5 0

4A26DT Percent Reduction
4 / 1 5 / 9 64 / 1 5 / 9 6   4/ 1 5 / 9 84 / 1 5 / 9 8 00 1 2 5 0 01 2 5 0 0

4 / 1 5 / 9 84 / 1 5 / 9 8  5 1 1 1 1 9 8 5 1 1 1 1 9 8 2 62 6 2 5 02 5 0

4NT Percent Reduction
4 1 1 5 / 9 84 1 1 5 / 9 8   41 , 5 , 9 84 1 , 5 , 9 8 00 1 5 5 7 2 51 5 5 7 2 5

9 89 8

9 89 8

9 99 9

9 89 8

9 89 8

9 79 7

9 89 8

9 89 8

9 89 8

9 89 8

Tuesday.  July 07,199s Page I o/2



Windrow Compound Construction Date Date Monitored Age (Days) Avg. Cont.  (UGKG)

so01so01

so01so01

s o 0 1s o 0 1

so01so01

s o 0 1s o 0 1

s o o ts o o t

s o 0 1s o 0 1

s o 0 1s o 0 1

s o o ts o o t

NSNS

NBNB

P E T NP E T N

PETNPETN

R D XR D X

R D XR D X

T E T R Y LT E T R Y L

T E T R Y LT E T R Y L

4 / 1 5 / 9 64 / 1 5 / 9 6

4 / l4 / l   51 9 85 1 9 8

4 / l4 / l   S / 9 6S / 9 6

4 1 1 5 / 9 64 1 1 5 / 9 6

4 / l4 / l   396396

4/ 1 5 / 9 64 / 1 5 / 9 6

4 1 1 5 1 9 64 1 1 5 1 9 6

4 / l4 / l   5 1 9 65 1 9 6

4 / t4 / t  5 1 9 6 5 1 9 6

5 / 1 1 / 9 65 / 1 1 / 9 6 2 62 6 2 0 9 62 0 9 6

HMX Percent Reduction
4/15/98 00 13000

5 / I5 / I  1 1 9 6 1 1 9 6 2 62 6 2 6 02 6 0

N BN B Percent Reduction

4 / l4 / l   5 1 9 65 1 9 6 00 1 2 5 0 01 2 5 0 0

5 / 15 / 1   l / 9 6l / 9 6 2 62 6 2 5 02 5 0

PETN Percent Reduction

4 / l4 / l   5 / 9 65 / 9 6 00 1 2 1 5 5 0 01 2 1 5 5 0 0

5 / 1 1 / 9 65 / 1 1 / 9 6 2 62 6 9 9 39 9 3

RDX Percent Reduction
4 / l4 / l   5 / 9 65 / 9 6 00 3 2 5 0 03 2 5 0 0

5 / 1 1 / 9 65 / 1 1 / 9 6 2 62 6 6 5 06 5 0

T E T R Y L Percent Reduction

9 69 6

9 69 6

9 69 6

9 99 9

9 69 6

Tuesday, JuIy  07, I998 Page 2 o/2
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FIELD PRECISION RESULTS

RELATIVE PERCENT DIFFERENCE OF FIELD DUPLICATES

Data Qualifiers:
U = Not Detected
J = Estimated value below quantitation limit
P = Greather  than 25% difference on secondary confirmation column

UGlKG = Micrograms/Kilogram

NSWC Crane
Full-Scale  Bioremedialion
Windrow  S-001. Batch Report
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