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EXECUTIVE SUMMARY 

Bioremediation by cornposting has proven to be successful in remediating soil contaminated with 
explosives, including trinitrotoluene (TNT), cyclonite (RDX), and cyclotetramethylenetetranitramine (HMX), 
in pilot- and full-scale testing at several Department of Defense sites (Weston, 1993; U.S. Army, 1993; 
EPA 1993a). Based on these past successes, on-site bioremediation is the preferred treatment for 
explosives-contaminated soils from solid waste management units at Naval Surface Warfare Center 
(NSWC) Crane. On-site bioremediation of contaminated soil is preferred because it provides the capability 
to treat material on site, requiring only limited transportation, at a lower cost and at a high treatment 
efficiency. 

A pilot-scale test has been completed at NSWC Crane to determine which compost mix provides the 
optimum environment for microorganism growth and degradation of explosives in contaminated soil. The 
results of pilot testing are presented in this report and will be used to plan full-scale treatment operations, 

Nine mixes were selected for clean soil testing; seven mixes were selected for contaminated soil tesirng. 
All contaminated soil mixes, with the exception of Mix 1 (based on water-treatment plant sludge), met all 
preirminary remedial goals within the test period. The test results showed that Mix 75 (25 percent soil. 15 
percent chicken manure. and 60 percent straw) met the remedial goals most rapidly (within 10 days). 
indicating that it provides a better environment for the remediation of explosives-contaminated soil than 
the other mixes tested. 

Mix 78 is recommended for full-scale treatment. Increasing soil loading to 30 percent with the second full- 
scale treatment cycle is also recommended. subject to evaluation and approval of the 20-day data from 
tne firsi full-scale cycle. Further increases in soil loading should be considered after evaluating 3 to 
6 months of ireatmen: at 30 percent soil loading. Increasing soil loading from 25 percent to 30 percent will 
reduce the operational period oy 15 to 20 percent and tnerefore offer propomona operaiional cost 
sawngs. 
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1.0 
INTRODUCTION 

1.1 SITE DESCRIPTION AND HISTORY OF OPERATIONS 

1.1.1 Naval Surface Warfare Center 

NSWC Crane, located in southwestern Indiana. provides support for equipment, shipboard weapons 
systems, and ordnance (Figure l-l). In addition, NSWC Crane supports the Crane Army Ammunition 
Activity which includes production and renovation, storage, shipment, and demilitarization and disposal of 
conventional ammunition. 

Congress authorized construction of a Naval Ammunition Depot (NAD) in southern Indiana in 1940, and in 
late 1941, the Burns City Ammunition Depot was commissioned. In 1943, NAD Burns City was renamed 
NAD Crane, and the Town of Crane was built to house civil service employees. NAD Crane’s mission was 
to load, prepare, renovate, receive, store, and issue ammunition to the fleet (Halliburton NUS, 1992a). 

During World War II, NAD Crane’s mission expanded to include pyrotechnics production, mine filling. 
rocket assembly, field storage, torpedo storage, and ordnance spare parts and mobile equipment storage. 
NAD Crane continued to supply ammunition to the fleet during the Korean and Vietnam wars (Halliburton 
NUS, 1992a). NAD Crane was renamed Naval Weapons Support Center Crane in 1976, and renamed 
again in 1992 to NSWC Crane. 

In 1977, the Crane Army Ammunition Activity was created, and the Army assumed ordnance production, 
storage, and related responsrbrktres as a tenant organization. Other functions remained under control of 
the Navy, and the Navy currently retains ownership of all real estate and facilities at NSWC Crane. Overall 
responsibility for station safety, security, and environmental protection remains with the Commanding 
Officer, NSWC Crane (Halliburton NUS, 1992a). 

Until the early 1960s a variety of liquid wastes were disposed of on site without treatment. Explosives- 
contaminated wastewater was discharged into unlined ponds or into storm drains and ditches; wastewater 
generated from cleaning operations was discharged into an unlined pond; oily waters, battery acids, paint 
thinner, acetone, boiler blowdown, and solvents were dumped behind buildings or into ravines; and waste 
hydraulic oil was spread on dirt roads. Since the early 1960s treatment plants have been built; 
wastewater streams have been connected to the sanitary sewer; and oils and solvents have been 
collected, segregated, and either recycled, sold, or disposed of properly (Halliburton NUS, 1992a). 

1.1.2 Mine Fill A 

Solid Waste Management Unit (SWMU)-12/14. Mine Fill A (MFA), which was the source of soil used in the 
contaminated-soil pilot test, is located in the west-central portion of NSWC Crane along Highway H-17, as 
shown in Figure l-2. MFA consists of 29 buildings that have been and continue to be used to assemble 
mines, depth charges, rocket heads, aerial bombs, and projectiles. MFA began operation in 1942 with the 
loading of depth charge bombs. The area was also used during the Korean and Vietnam wars. MFA 
continued to produce ordnance until 1975, when production was suspended. Production was resumed in 
1980, and MFA currently produces 2.000-pound aerial bombs. Production rates are not available for other 
periods, but over six million bombs were manufactured at MFA and Mine Fill B during the Vietnam War 
(Hallibuton NUS, 1992b). Demilitarization activities, which include ordnance disassembly and 
decommissioning, are also performed in the area. The major sources of contamination were wash-down 
operations and the exhaust ventilation systems. 
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Sample I.D. 

MFA-1 

MFA-2 

MFA-3 

TABLE l-l 
SUMMARY OF SOIL BORING RESULTS - MINE FILL A 

TNT mm) HMX (PPm) 

69 292 

3,790 1,340 

a 908 

RDX (wm) 

2.620 

15,300 

R 150 

11 MFA-4 

MFA-5 64 99 906 

MFA-7 ~3.6 6.0 ~7.2 
r 
MFA-8 5.2 52 

Soil samples were collected from 20 inches below ground surface. 
1Source: Halliburton NUS (1992b) 

349 

I 

1 

- 

- 
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1.2 DOCUMENT ORGANIZATION 

- 

This report is organized into fifteen sections and includes eight appendices. Section 1 .O provides a brief 
introduction of the site and characterization of the test soil. A brief description of the treatment technology 
and a summary of previous treatability studies are also provided in Section 1.0. Section 2.0 provides the 
objectives of the pilot-scale test and the treatability test design. A summary of pilot-scale test operations 
is provided in Section 3.0. Data collection and management is presented in Section 4.0. Changes to the 
pilot-scale operational plan are discussed in Section 5.0. Results of the clean soil tests are discussed in 
Section 6.0. Results of the contaminated soil tests are discussed in Section 7.0. Details of cost and time 
requirements are discussed in Section 6.0. A summary of safety and industrial hygiene sampling and 
monitoring is provided in Section 9.0. Conclusions and recommendations of this study are summarized in 
Section 10.0. A list of reference documents is provided in Section 11.0. 

Data charts and other pertinent information are provided in the following appendices: 

Appendix A: FIELD CLARIFICATION REQUESTS (FCRs) 
Appendix B: CLEAN SOIL RECORD OF RECIPE 
Appendix C: CLEAN SOIL TEMPERATURE DATAAND PROFILES 
Appendix D: CLEAN SOIL MOISTURE DATA AND PROFILES 
Appendix E: CLEAN SOIL OXYGEN DATA AND PROFILES 
Appendix F: CLEAN SOIL pH DATAAND PROFILES 
Appendix G: CLEAN SOIL C:N DATA AND PROFILES 
Appendix H: CLEAN SOIL AMBIENT TEMPERATURE AND HUMIDITY PROFILES 
Appendix I: CONTAMINATED SOIL RECORD OF RECIPE 
Appendix J: CONTAMINATED SOIL TEMPERATURE DATA AND PROFILES 
Appendix K: CONTAMINATED SOIL MOISTURE DATA AND PROFILES 
Appendix L: CONTAMINATED SOIL OXYGEN DATA AND PROFILES 
Appendix M: CONTAMINATED SOIL pH DATA AND PROFILES 
Appendix N: CONTAMINATED SOIL C:N PROFILES 
Appendix 0: CONTAMINATED SOIL AMBIENT TEMPERATURE AND HUMIDITY PROFILES 
Appendix P: CONTAMINATED SOIL EXPLOSIVES DEGRADATION DATA AND PROFILES 
Appendix Q: SAFETY AND INDUSTRIAL HYGIENE REPORT 

1.3 TEST SOIL CHARACTERIZATION 

13.1 Clean Soil Characterization 

Soil for the clean-soil pilot-scale testing was excavated during construction of the Soils Bioremediation 
Facility and stockpiled at the NSWC Crane landfill. The soil, a light brown silty clay with trace to small 
amounts of sand and gravel, was similar in texture to the contaminated soil from MFA. Approximately 120 
cubic yards were used in the clean soil testing. 

13.2 Contaminated Soil Characterization 

SWMU-12/14, MFA, was selected as the source of contaminated soil for the pilot-scale operation. This 
area was selected because of its high concentrations of 2,4,6trinitrotoluene (TNT), cyclotrimethylene 
trinitramine (RDX). and other explosives, and because access was easy and did not impact ongoing 
facility activities. 

The soil at MFA is mixed clay, silt, and silty clay. Contaminants include TNT, RDX, and 
cyclotetremethylenetetranitramine (HMX). Soil samples collected during the 1985 site investigation 
(Halliburton NUS, 1992b) contained up to 3,790 milligrams per kilogram (mglkg) TNT, 15,300 mg/kg RDX, 
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and 1,340 mg/kg HMX. Analytical results from the site investigation are shown in Table 1-1. Samples 
collected from excavated MFA soil for the Dewars tests contained higher levels-up to 3,770 mg/kg TNT, 
28,100 mglkg RDX, and 2,440 mg/kg HMX (see Section 1.5.5). Samples collected from excavated MFA 
soil for the pilot test contained lower contaminant levels, at up to 727 mg/kg TNT, 8,600 mglkg RDX. and 
1,100 mglkg HMX (see in Section 7). 

- 

The area around Building 153 was selected as the excavation site for the pilot-scale operation. 
Approximately 120 cubic yards of contaminated soil were excavated at the MFA area for pilot-scale testing 
from Grids 1 and 2 (see Figure l-2). 

1.4 TREATMENT TECHNOLOGY DESCRIPTION 

1.4.1 Fundamentals of Eioremediation by Composting 

Composting, the process of microbial degradation of organic material, results in the production of residual 
organic and inorganic material. Heat is generated and contained in the compost matrix, leading to self- 
heating of the compost pile, which further stimulates microbial activity In bioremediation by cornposting, 
organic material is mixed with contaminated soil, which initially contains very little or no organic material. 
The added organic material acts as a carbon source for microorganisms that are also capable of 
degrading organic contaminants, such as the explosives present in contaminated soils at NSWC Crane. 

Microbial activity in a compost pile is controlled by the availability of organic material and inorganic 
nutrients (such as nitrogen and phosphorous), temperature, moisture content, pH, and oxygen availability. 
The texture of the compost is important because it controls porosity which helps determine aeration and 
moisture-holding capacity. The nature of the organic amendments determines nutrient concentration and 
availability. For example, cow and chicken manure contain high levels of readily available nitrogen, and 
straw contains high levels of readily available carbon and contributes to an open, porous structure. - 

Bioremediation by composting may be performed at one of three general levels of technology. These 
levels are described below. 

. The first and simplest level of technology is the windrow system, which was used in this pilot test. 
The material is mixed and shaped into long narrow rows and allowed to self-heat. Water may be 
added, and the rows may be tilled or turned periodically or at intervals dictated by a monitored 
parameter such as temperature. 

. The second level of technology is the static pile system, which includes the addition of an aeration 
and heat control system. For aeration and heat control, perforated pipe normally underlies the 
compost. A blower moves air through the compost to provide aeration and heat control. 

. The third level is the in-vessel system, which uses a system of enclosed reactor vessels and 
automated process control equipment. 

The results of previous testing has shown that windrow composting is the most cost-effective method of 
successfully remediating explosives-contaminated soil. Several of those studies are summarized in 
Section 1.5 below. 
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1.5 SUMMARY OF PREVIOUS TREATABILITY STUDIES 

1.51 Umatilli Army Depot 

Composting was the remedial technology selected to treat approximately 14,000 cubic yards of 
explosives-contaminated soil at the Umatilla Army Depot in Hermiston, Oregon. The decision to compost 
and the design of the composting operation were based on trial studies, which included bench- and pilot- 
scale tests (Weston, 1993). Temperature was considered a primary indicator, with a process goal of 
maintaining 55’ centigrade (C). Moisture content was maintained at a water-holding capacity (WHC) of 50 
to 60 percent. Although oxygen levels were observed to drop to less than 5 percent within 10 to 30 
minutes following turning. the pilot-scale windrows were turned once daily after it was determined that 
higher turning frequencies were not practical for a full-scale operation. A summary of the test results are 
as follows: 

. Conventional (un-aerated) windrow composting can effectively reduce TNT. RDX, and HMX 
concentations to below their respective cleanup levels in less than 40 days. 

The conventional (un-aerated) windrow performed as well as or better than the mechanically 
aerated wrndrow. 

a Seeding studies showed that recycling a fraction of acclimated, active compost from one 
treatment cycle to the next did not produce any measurable improvement in composting 
effciency. 

Soil loading rates of 30 weight percent (the highest tested) can be successfully remediated by 
windrow cornposting. 

:.5.2 United States Naval Submarine Base, Bangor, Washington 

Comporting was the seiected remedial technology to treat approximately 2,200 cubic yards of expiosives- 
contaminated soil at the United States Naval Submarine Base in Bangor, Washington. The decision and 
tne design of the composting operation was based on trial studies that included bench- and pilot-scale 
tests. 

Two pilot-scale windrows of 30 cubic yards each were assembled with 30 percent soil and an amendment 
mix of cow manure, sawdust, alfalfa hay, and potato waste (Remediation Technologies Inc., 1996). The 
windrows were turned three to ten times weekly and moisture content maintained a minimum of 
40 percent. The soil was from two sites: site D. which was an ordnance burning area, and site F. which 
received explosivescontaminated water. The site F windrow met treatment goals of 33 mglkg TNT and 
9.1 mglkg RDX in 9 days, while the site D windrow, at 41 mg/kg TNT, did not meet the goal for TNT, 
possibly because discrete specks or nuggets of TNT at the ordnance bum area were more difficult to 
degrade. 

IS.3 Waterways Experiment Station Bench-Scale Tests 

NSWC Crane Environmental Protection Department (EPD) tasked U.S. Army Corps of Engineers 
z Waterways Experiment Station (WES) with conducting laboratory testing in order to develop 

recommendations on recipes for cornposting. Soils from the Rockeye site were collected and transported 
to the WES laboratories for use in preliminary cornposting studies. The studies consisted ot two-phases. 
The first phase was a respirometric study designed to optimize the compost mix. The second phase 
evaluated the compost mix’s effectiveness in treating contaminated soil. Following these trials, WES 
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conducted toxicity experiments in an attempt to qualify hazardous ecosystem effects of the composted 
material. Results of these studies are detailed in a WES report (Preston et al. 1998) 

The respirometric study evaluated eight different compost mixtures (see Table l-2). These mixtures were 
based upon a survey of locally available sources of amendments and bulking agents and calculated 
Carbon to Nitrogen ratios. An oxygen sensing respirometer was used as an isothermic compost reactor to 
determine optimal substrate utilization of each mixture. 

Following the respirometric study, selection of a mixture for further testing in the bench-scale study was 
based upon the explosive analytes degradation rate (expressed in terms of half-life of explosive 
compound concentration degradation determined by assuming a first-order equation), system efficiency, 
and system simplicity. WES Mix 7. (40% Cow Manure, 40% Alfalfa, and 20% soil) was chosen for the 
bench-scale tests. The bench-scale composting tests were intended to provide preliminary feasibility data 
by simulating field composting conditions. The bench-scale systems reached thermophilic temperature 
(5OOC) and returned to ambient temperatures after 10 days of composting. The compost activity was 
allowed to continue for 30 days. Samples for explosives analysis were taken on days 0, 15, and 30. The 
results showed that the majority of the explosives and transformation products were removed within the 
first 15 days of composting. 

Toxicity tests were conducted on the composted material of Mix 7 of the Rockeye soil. Two assays were 
used to evaluate the potential ecosystem toxicity: the Mutatoxm assay and the earthworm acute toxicity 
test. The Mutatoxm assay is a proprietary assay that determines the mutagenic potential of sample 
extracts. The earthworm acute toxicity test estimates the acute toxicity of the composted material to 
earthworms (Eisenia foetida) in a 14-day static test. The bench-scale compost tests apparently reduced 
the bacterial acute toxicity as demonstrated by the Mutatoxn” test. The earthworm study likewise 
demonstrated a reduction in toxicity 

II TABLE l-2 
BENCH-SCALE RECIPES I 

Numerous problems were encountered in interpreting the results from the WES studies. For example, in 
the respirometric study, the initial explosive concentrations of each mix differed by as much as 2,717 
mglkg. creating difficulties in comparing results (see Table l-3). As such, the mixes that demonstrated the 
shortest half-lives were not necessarily the ones that had the greatest overall degradation nor necessarily 
the lowest final concentration. Furthermore, based on these observations, additional mixes should have 
been tested in the bench-scale studies. 
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TABLE l-3 
BENCH-SCALE EXPLOSIVES RESULTS 

TNT RDX HMX 

Mix Initial Final Half- Initial Final Half- Initial Final Half- : 
# Cont. Cont. Cont. Lives Cont. Cont. Cont. Lives Cont. Cont. Cont. Lives ! 

(mglkg) (mglkg) Diff. (day) (mglkg) (mglkg) Diff. (day) (mglkg) (mglkg) Diff. (day) / 

7 975 0.8 974.2 0.97 186 0.3 185.7 1.05 6227 3.71 6223.3 13.3E,’ 

6 996 0.5 995.5 0.92 99 2.2 96.8 1.82 3510 3.25 3506.8 90.05 

Max. 2747 10.7 2736.3 1.25 186 8.7 185.7 2.43 6227 3.88 6223.31 90.051 

Min. a28 0.2 627.6 0.83 99 0.3 96.8 1.05 3510 1.18 3506.8 

Diff 1919 10.5 87 2717 2.70 

Although the results and the conclusions reached by WES of each phase of these studies were subject to 
varied inierpretations, it was however, evident from the respirometric and bench-scale studies that 
cornposting could successfully treat explosives contamination in soils. This fact, combined with research 
done al other facilities provided the impetus ior the Navy to proceed with the full-scale operations. 

1.5.4 NSWC Crane Dry Run Tests 

At the point NSWC Crane was ready to begin pilot-scale tests, winter weather had set in. As such, the 
Navy felt it was prudent to conduct tests with clean soil prior to the use of contaminated soils. Therefore. 
the purpose of the Dry Run Piles was to test the ability of locally available amendments to perform during 
cold weather and test general operating procedures (i.e., mechanics of creating and turning piles). The 
mixes were based on bench-scale testing and C:N ratios - deemed essential at the time. Each dry run 
pile was approximately 60 cubic yards in size consisting of 25% clean soil. The percentage of 
amendments making up each dry run mix can be found in Table l-4. 

TABLE 14 
DRY RUN MIXES 

Amendment Mix 
(wt %) 1 2 3 4 5 6 7 8 

Alfalfa 36 7.5 18 

^, “anure 3.2 1.5 1 3.7 
57 I 735 11 3 - I-Es - -. - _ 

Cow Manure I 19 I I 18 I ( 4.5 1 19.5 ) 12 ( 22.5 

Soil 25 35 3s ?!i I 75 I 2s I 25 1 25 
cz, *n I 
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Deciding factors ware temperature (i.e., would the mix reach thenophilic temperatures), texture (e.g., 
dense, cold piles indicate a lack.of porosity, and hence, oxygen transport within the pile. and cost. 
Texture and temperature detenined which piles were considered successful and would be used for the 
contaminated soil phase of the pilot-scale study. A relationship exists between temperature, oxygen, and 
moisture. increasing the turning frequency of a pile decreases temperature and moisture while increasing 
oxygen within the pile. Adding water to the pile increases the moisture of the pile while simultaneously 
decreasing temperature and oxygen. Ranges specified in Table l-3 for each of these parameters are 
indicated for a healthy microbial population in order to have successful biodegradation of the 
contaminants. Temperature. however, is an independent variable, in that, if the oxygen and moisture 
conditions of the pile are optimized (along with the other recommended parameters), then temperature will 
vary according to the aerobic activity of the microbes - indicating a healthy pile. In addition to the 
parameters specified in Table 1-3, the physical condition of the pile is tantamount to determining the 
success or failure. In general, if a pile is unworkable (i.e., shape not maintained, difficult to turn, phase 
separation. forms clumps, etc.) then that pile will not be considered successful. 

Results of the dry run tests are provided in the Interim Progress Report for Pilot Scale &an Soil Testing 
(MK, 1997a). Mixes I. 2. 5. and 7 were considered the most acceptable of the eight mixes, The three 
mixes containing cornstalks (Mixes 3. 4. and 8) became dense after moisture was added, therefore 
lowering the oxygen content, and did not meet expected temperature ranges. Mixes 6 and 7 were 
representative of tne bench-scale. Discussions with the WES investigators revealed that the ,manure used 
in the bench-scale contained a significant amount of straw. The WES investigators also recommended 
the addition of wood chips as a bulking agent for a large-scale test (Mix 7). Mix 7 had a higher 
temperature and a lower overall cost than Mix 6. therefore Mix 6 was also considered unsuccessful (MK, 
1997~). Figures 1-3 to l-6 provides the tempeature profiles for Mixes 1, 2, 5. and 7 respectively. 

1 S.5 Dewar Tests 

The Navy and the U.S. EPA Regton V desired to test as many amendments as possible h order make a 
judicious decision on a full-scale mix. Since half of the mixes failed to perform adequately in the Dry Run 
Test, the Navy elected to test additional mixes. with less emphasis on C:N ratio and focusing instead on 
increasing the manure percentages. The opinion of the Navy and the U.S. EPA Region V was that the 
organics, nutrients, and microbial populations inherent in the manures were critical in establishing an 
active windrow. The Navy and the U.S. EPA Region V elected to conduct additional mix testing on a 
smaller scale to reduce costs and to ensure treatment success using contaminated soil. The test method 
selected was the Dewar self-heating test (Brinton et al. 1995). The purpose of the Dewar testing was to 
evaluate the temperature achieved by the four acceptable mixes from the dry run tests and other selected 
mixes on a smaller scale this time using contaminated soil. Analysis for explosives concentrations were 
also conducted before and after the Dewar self-heating test to quantify explosive degradation. 

Mixes 1, 2, 5. 8 7 resulted from Dry Run testing and the other mixes were derived from the remaining Dry 
Run mixes and other Navy and U.S. EPA recommended mix combinations. Tha percentage of 
amendments making up each Dewar test mixes can be found in Table l-5. Dewar self-heating tests were 
performed during April and May of 1997, under the direction of the NSWC Crane EpI) by Woods End 
Research Laboratory (Woods End, 1997). 

Note that Mix 10 was the recipe used during explosive contaminated soils composting demonstrations at 
Umatilla Army Depot Activity. Hem-&ton, Oregon. Mix 8 was a variant of the bench-scale. Dewar testing 
was conducted In two rounds. Two rounds of testing were required because of the size of the lab; Mixes 1 
to 4 and 6 to 10 were tested during the first round. All mixes were tested in dupiicate. Table 1-6 shows 
the temperature profiles of the mixas tested. 
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FIGURE l-3 TEMPERATURE PROFILE FOR DRY RUN -- MIX 1 
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FIGURE l-4 TEMPERATURE PROFILE FOR DRY RUN --MIX 2 
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I/ TABLE 1-5 
PROPOSED DEWAR SELF-HEATING MIXES II 

Amendment Mix 
I I 1 I c I I 

* indicates 

9 days for 
Mixes 5. 6, 7> 

II, ;2,13, & 14 

Mixes 5, 6,7, 

11,12,13, & 14 
tested on 2, 3, 6, 

and 9 days only. 
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Table 1-7 presents the results of initial and final explosives analyses from the duplicate Dewar mixes, as 
well as the percentage change from the initial to the final concentrations. initial samples for explosives for 
Mixes 1 to 4 and 8 to 10 were taken post excavation and prior to mixing with the amendments. As such, 
one value was reported for the initial concentrations of HMX, RDX. and TNT for those mixes. The Navy 
subsequently requested that the initial samples for explosives analyses for Mixes 5 to 7 and 11 to 14 be 
taken after the addition of amendments, thus providing more representative initial concentrations. Several 
of the samples showed increases in concentrations from the initial to the final. Some of this may be 
explained by the questionable representativeness of the initial concentrations during the first round of 
tests. Additionally, lack of uniformity in the material being sampled (i.e., poor homogeneity), sample 
contamination, or sampling or analytical errors may be at fault. It is not possible for HMX, RDX, or TNT to 
be formed during the Dewar tests. Mixes 2. 3, 4, 9. and 10 demonstrated greater than 70% reduction in 
TNT. 

TABLE f-7 
INITIAL AND FINAL EXPLOSIVE RESULTS FROM DEWAR TESTING 

Mix 
HMX RDX TNT 

Initial I Final I % I Initial I Final I % I initial I Final I 96 

,_. _ 2700 
12910 . 7.78% 

3580 I1450 59.50% 
I 

6,4 1260 1260 1.59% 13900 12700 6.63% 1840 1637 
65.38% 

~ 

6 B 1924 787 14.83% 10100 ! 

7A 11620 2720 167.90% 118600 

13A 1210 12120 (75.21% 14500 '25500 75.86% 12170 12760 127.19% 
13 B 1990 

11640 117.59% 
18700 18360 '1.82% 

12480 11880 /24.19% 
14A 1340 )11000 j720.90% 15300 2170 85.62% 11760 I:250 128.98% 

I 

14 R 1790 Illnon 1752.71% 13600 9690 128.75% 1982 11250 127.29% / 
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Mixes were ranked based upon their temperature, percent of explosives degradation, and cost, as shown 
in Table 1-8. The top five mixes were chosen to the next phase of testing. 

Mixes 3, 4, 9, and 10 were selected principally based upon their temperaiure and explosives degradation 
performance. Mix 2 was selected as a fifth mix based primarily on cost. Although Mix 5 ?rovidad better 
temperature. explosives degradation, and cost results. Mix 2 was a simoler ooeraiing rezqe, -sing only 
one manure instead oi rwo. 

Of the 14 mixes tesied, five mixes (2, 3, 4, 9. and 10) showed successiul remperature increases and 
explcsives degradation and were chosen to continue to the pilot-scale testing, In tne pilot-stait, tine 
numbers identifying the, mixes changed as follows: 

Testing Stage 1 Mix 

Dewar / 2 1 3 ) 4 I 9 / io 
Pilot-Scale 1 ?A ( 1 ( 2 1 3 1 4 

NSWC Crane 
SWMU 33100. Bioremediation Ea:iiii) 
Pilo:-Sale Treatability Tes: Remrl 1-17 091G2/98 



2.0 
PILOT TEST STRATEGY 

2.1 OBJECTIVES 

The objective of pilot testing is to determine which compost mix provides the optimum environment for 
microorganism growth and degradation of explosives in contaminated soil. The results of pilot testing will 
be used to plan full-scale treatment operations. The overall objective is met by evaluating mix 
performance with respect to the process and performance goals described below. 

2.1.1 Process Goals 

The process parameters subject to control by operating procedures and their corresponding goals are 
listed in Table 2-l. These parameters are monitored as described in Section 4.1. These goals are 
designed to provide optimal conditions for contaminant degradation and meet the performance goals 
established in the Pilot Scale Operational Plan for Soils Bioremediafron Facility (MK. 1997b). 

TABLE 2-l 
PROCESS GOALS 

Process Parameter Operating Goal 

Temperature 25 to 60°C 

Moisture 40 to 60 percent maximum WHC 

Oxygen 5 to 20 percent 

A secondary goal was to verify standard operating procedures and identify improvements in operations 
where necessary. These observations and improvements are presented in Section 5. The significance of 
individual parameters is described below. 

2.1.1.1 Temoerature 

Temperature is a primary indicator of successful thermophilic composting. The process goal is to maintain 
average windrow temperatures near 55°C for at least 2 weeks. The average pile temperature should rise 
to 25 to 40°C within the first few days of formation, continue rising to within the temperature range of 40 to 
60°C and maintain that temperature range for at least 2 weeks. This temperature profile indicates a 
healthy, metabolically active windrow. Temperatures greater than 65°C can kill many microbes. 
Temperature decrease over time below 50°C is viewed as an indicator that a pile is nearing the end of its 
operation (Weston, 1993). 

2.1.1.2 Moisture Content 

The operating goal for composting moisture content is 40 to 60 percent maximum WHC. If moisture levels 
are excessively low or high, proper composting and explosives degradation may be affected. Too little 
moisture inhibits microbial movement and nutrient availability Excessive moisture fills the void spaces 
needed for proper aeration, thus reducing oxygen levels. 
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2.1.1.3 Oxvaen 

Oxygen levels of up to ambient atmospheric or about 20 percent are preferred in a compost windrow. and 
5 percent is considered the minimum for rapid compost degradation. Oxygen levels below 1 percent 
indicate anaerobic conditions. If sufficient oxygen levels are not maintalned. proper microbial degradation 
may not occur, thermophilic temperatures may not be maintained, and putrefaction of organic matter may 
occur. As described in Sections 6 and 7. however, anaerobic conditions commonly exist in a compost 
windrow throughout most of each day, and aerobic conditions may occur only for only 1 to 2 hours 
following turning. 

2.1.2 Performance Goals 

During the pilot test, the performance goals were the primary remediation goals for the contaminants of 
concern. However, a secondary goal was to provide data to evaluate treatment efficiency using 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) remediation criteria 
for innovative treatment technologies. 

Preliminary remedial goals (PRGs) developed by the U.S. Environmental Protection Agency (EPA) 
Region IX (EPA, 1996b) were used as initial cleanup levels for the pilot testing, with the exception of TNT 
and RDX, as described below. The National Contingency Plan specifies a 90 to 99 percent reduction of 
toxicity and mobility (or leachability) to demonstrate effective treatment. Previous studies have indicated 
that reductions in contaminant concentrations result in proportional reductions in toxicity and leachability 
(EPA, 1996a). Therefore, a 90 to 99 percent reduction in contaminant concentration, including toxic 
breakdown products, corresponds to a 90 to 99 percent reduction in toxicity and leachability and meets 
the National Contingency Plan guidelines. The PRGs meet this criteria. The constituents of concern and 
PRGs are shown in Table 2-2, with corresponding method reporting limits. 

A performance goal of 30 mg/kg each for TNT and RDX was used during the pilot-scale testing, as PRGs 
had yet to be established. The soil PRG at the Bangor site was set at 30 mg/kg for TNT, which 
corresponded to lifetime excess cancer risks between IOE-5 and IOE-6 under CERCLA and is protective 
for non-carcinogenic effects (EPA, 1993b). This level has been applied at CERCLA sites to minimize the 
phytotoxic effects of explosives (EPA 1996a), and is especially applicable to areas which may be 
backfilled with treated soil and revegetated. Goals for other constituents have been reduced from the PRG 
level such, as 2,4- and 2,6-dinitrotoluene (DNT). based on previous studies (EPA, 1996b). 

Table 2-2 lists PRGs for all applicable compounds and metals. Only indicator compounds were measured 
in the pilot test, as described in Section 4. 

2.2 EXPERIMENTAL DESIGN 

2.2.1 Scale of the Pilot Test 

The pilot test was performed in two phases. The first phase involved the treatment of clean soil; 
contaminated soil was treated during the second phase. The clean soil pilot test was performed simulating 
explosives-contaminated soil to verify that the process goals could be met, develop standard operating. 
procedures, and identify potential improvements. Windrows of approximately 60 cubic yards each were 
constructed to simulate the material handling procedures and thermal conditions required for full-scale 
operations. 
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PRELIMINARY REMEDIAL 

2.ADNT 8330 2.6") 0.25 14 

2.4.DNT 6330 2.6"' 0.25 5.7 

2,6-DNT 6330 2.6'b' 0.26 9.4 

2.Nitrotoluene 6330 6.800"' 0.25 12.0 

3-Nitrololuene 8330 6,600"' 0.25 7.9 

4-Nitrotoluene 8330 6.800"' 0.25 8.0 

Barium 

Cadmium 

Chromium (total) 

6010 100.000"' 0.5 5 

6010 850"' 0.4 4 

6010 450"' "5 

Lead 1311.6010 5.0 NIA 40 

MWXY 1311, 7470 0.2 N/A 1.5 

Selenium 1311.6010 1.0 N/A 100 

Silver 1311,6010 !LO N/A 5 

Volatile Organic Compounds 

Dichloromethane lmethvlene chloride) 8240 I 1 w I 5 I F , .- 

Acetone 6240 8.800"' 10 10 

Methyl ethyl ketone 6240 27,000"' IO 10 

Methyl isobutyl ketone 8240 2.800"' 10 IO 

TOlUelle 6240 880"' 

5 5 

xyhle (total) 6240 320"' 5 5 I 
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II TABLE 2-2 
II 

~- 
PRELIMINARY REMEDIAL GOALS AND METHOD REPORTING LIMITS 

Ethanol 

Parameter 

Method Reporting Method Repotting 
Analytical Soil Remedial Goal limit (mglkg) Limit &g/L) 

Method WWk!4 soil aqueous 

8015 NV 4 2.000 

lWp,Op~“Ol 8015 NV 4 2,000 

Methanol 8015 100.000”’ 4 2,000 

Naphtha 8015 NV 25 2,000 

TCLP Volatile Organic Compounds (mq/L) 

senrene 8240 I 0.5 NIA 5 

II ~~ Carbon tetrachloride I 8240 I 0.5 I N/A I 5 II 
II Chlarabeme”e I 8240 I 100~0 I NIA I 5 II 

1.2.Dichloroethane 8240 0.5 N/A 5 1.4.Dichloroethene 8240 0.7 I N/A 5 I 

II Methyl Tetrachloroethvlene Ethyl Ketone I 8240 8240 I 200.0 0.7 I N/A N/A I 10 5 I 

Tetrachloroethene 8240 0.5 NIA 5 
I 

11 Vinyl chloride 8240 0.2 NIA 10 
I 

blot**: 
1. Analytical methods listed above are SW-846 methods, unless otherwise indicated 
2. Method reporting limits will vary depending on sample dilution factors 

3. NV = no value available 
4. N/A = not applicable 

II ‘-’ Source: U.S. EPA (1996b) 
lb’ Value for total DNT (EPA, 1996b) 

2.2.2 Clean Soil Tests 

Eight mixes based on the previous test programs (described in Section 1.5) were selected for the clean 
soil tests. Composting of clean soil was performed between June 26 and July 29, 1997. Seven of the eight 
mixes were generated and treated for 30 days. Mix 1 was not tested because the publicly owned 
treatment works (POTW) sludge at 20 percent solids was not available. A ninth mix, identified as Mix 7A, 
was included for comparison, although it was generated during the March 1997 dry run tests (Section 
1.5.4). The data from Mix 7A is included here because it developed a favorable temperature profile and is 
a low-cost mix. The nine clean soil test mixes are listed in Table 2-3. 

Mixes 1, 2. 3, 4, 5, and 6 were based on the temperature profile and explosives degradation results from 
the Dewars tests. Mixes 1. 2, 3. and 4 were the same as mixes used for the Dewars tests. Mix 4 was 
based on the successful Umatilla mix. Mix 5 was the same as Mix 4, except that turkey manure was 
substituted for cow and chicken manure. Mix 6 was similar to Mix 5, except for the addition of wood chips 
and variations in bulking agent proportions. Mix 7A was based on the dry run tests. Mix 78 was the same 
as Mix 7A, with 15 percent chicken manure rather than 3.5 percent, and 60 percent straw rather than 71.5 
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percent. Mix 7C was the same as 7A, with the addition of 10 percent potato waste and corresponding 
adjustments to chicken manure and straw. 

TABLE 2-3 
CLEAN SOIL WINDROW MIXES 

Amendment Mix 
(wt %) 

1’ 2 3 4 5 6 ,A- 78 1 7c 

POlW Sludge 25.00 

Alfalfa 25.00 25.00 19.25 19.25 15.00 I 

Sawdust 12.50 19.25 19.25 10.00 

Wood Chips 12.50 40.00 25.00 10.00 

Soil 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 

II Turkey Chicken Manure Manure 25.00 25.75 25.00 I 35.00 1 I 1 1 3.25 t I 3.50 I !5.00 I 10.00 

cow Manure 22.50 
I I I 

Vegetate wa*te 10.75 10.75 15.00 10.00 

straw 71.50 60.00 ( 55.00 

Total 100 100 100 100 100 100 100 I 100 I 100 _ 

- Mix 1 was not tested, bu, inciuded in this table for comp,&ness. 
** Mix 7A was evaluated during the drv run test of March 1997. 

2.2.3 Contaminated Soil Tests 

Using the results of the clean soil tests, which are presented in Section 3, the mix selection was refined for 
tine contaminated soil tests. The seven contaminated soil mixes are listed in Table 2-4 In summary Mix 2 
was eliminated due to poor performance, Mix 6 was eliminated due to high cost (although performance 
was good) and similarity to Mix 5, and Mix 7C was modified to include 10 percent cow manure with 
corresponding decreases of 3 percent less chicken manure and 7 percent less straw and designated Mix 
8. Mix 1 was also tested because, although the POTW sludge could not be obtained for the clean soil 
tests, the Dewars tests (Section 1.5.5) indicated it to be a potentially effective amendment. 
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I TABLE 2-4 II 

Amendment 
(wt %) 

POlW Sludge 

AlfZll‘a 

Sawdust 

CONTAMINATED SOIL WINDROW MIXES 

Mix 

1 3 4 5 7A 78 8 

25.00 

25.00 25.00 19.25 19.25 

12.50 19.25 19.25 

Wood Chips 12.50 25.00 

Soil 1 25.00 1 25.00 i 25.00 1 25.00 1 25.00 1 25.00 1 25.00 

Turkey Manure 25.00 25.75 

Chicken Manure 3.25 3.50 15.00 7.00 

Cow Manure 22.50 10.00 

Vegetable Waste 10.75 10.75 10.00 

straw 71.50 60.00 48.00 

Total I 100 I 100 100 I 100 I 100 I 100 I 100 

.- 
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3.0 
PILOT TEST OPERATIONS 

3.1 BIOREMEOIATON FACILITY LAYOUT 

The following descriptions are supported by design drawings and technical specifications provided in the 
approved Work Plan for Soils Boremediation facility (MK, 1997c). The NSWC Crane Soils 
Bioremediation Facility consists of the following basic features: 

. Three 70.foot-wide by 300-foot-long compost buildings 

. Amendment storage area 

. Amendment haul road 

. Equipment and personnel decontamination areas 
. Ofice and laboratory trailer area 
. Storm water diversion and retention controls 
. Basic services and utilities, including a water supply source for dust suppression and compost 

moisture additions 

The compost building area is located in the south central and western portions of the Soils Bioremediation 
Facility, as shown in Figure 3-1. The compost structures consist of a metal structural frame with a light- 
weight roof designed to accomodate both local climatological conditions and the height of equipment 
selected for composting operations. The compost building side walls are constructed of G-inch-thick 
concrete to a height of 4 feet, with metal siding extending to the roof line. The concrete floors slope to an 
epoxy- coated fluid collection sump. Ventilation is provided for each compost building through the open 
ends by means of ridge vents. 

The entrance and exit ends of the buildings are open with B-inch-high entrance/exit ramps to control 
runoff. Asphalt pavement coated with a sealant surrounds the buildings. A 6-inch-high asphalt curb at the 
outer perimeter of the pavement controls run-on and runoff. Storm water runoff is directed by topography 
and site drainage controls to two lined storm water retention basins, each sized for a IO-year, 24-hour 
storm. They allow control of on-site storm water retention and off-site storm water discharge. Water that 
does not meet off-site discharge requirements is transported to the water treatment facilities located at 
MFA or Rockeye. Although evaporation is the preferred method of decreasing retention pond volumes, 
water may also be discharged in accordance with the site National Pollution Discharge Elimination System 
permit, as required. 

An equipment decontamination facility is used to clean trucks and equipment that have come into contact 
with contaminated soil within the Bioremediation Facility Trucks and equipment are cleaned using a high- 
pressure, low-volume water spray system. After washing, the equipment is visually inspected and 
recleaned, if necessary until no visual signs of residual soil remain. The equipment decontamination area 
consists of a vehicle wash area and a 4,000-gallon epoxy-coated collection sump. All decontamination 
fluids collected in the sump are containerized and sampled. Results from the samples determine disposal 
requirements. 

3.2 WOREMEDIATION FACILITY OPERATIONS 

The pilot-scale composting operation consists of eight major steps to be performed for each windrow. The 
steps are listed in sequence below and are described in the following subsections. 

1. Excavate, screen, and transport soil to Soils Bioremediation Facility 
2. Receive and store amendments 
3. Load amendments into grinder/mixer 
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- 4. Load amendment blend into windrow 
5. Load soil received from excavation into windrow 
6. Add moisture (if necessary) and turn/mix windrow 
7. Continue daily turning and monitoring for 60 days 
0. Unload windrow and transport the finished compost for disposition 

3.2.1 Soil Excavation, Screening, and Disposition of Oversized Materials 

3.2.1.1 Soil Excavation 

Clean soil pilot testing used clean soil that was excavated during construction of the Soils Bioremediation 
Facility and stockpiled at the NSWC Crane landfill. Clean soil from the foundation excavation was 
screened and transported to the Soils Bioremediation Facility, as described in the following sections, 
simulating a contaminated soil operation. Approximately 120 cubic yards were used in the clean soil 
testing. 

Contaminated soil was excavated at SWMU-12/14, MFA, using a backhoe/loader and a Bobcat steer skid 
loader, as described in the Pilot Scale Operational Plan (MK, 1997b). The areas of excavation included 
Grids 1 and 2 located near Buildings 153 (see Figure l-2). Soil was excavated from depths of 0 to 3 feet. 
The excavation was covered as required during periods of precipitation. Upon completion, the area was 
sampled and backfilled. Approximately 120 cubic yards were used for contaminated soil testing. 

3.2.1.2 Soil Screening 

Both clean and contaminated soil was screened to remove oversized material (1% inch or larger) prior to 
transport to the Soils Bioremediation Facility. Excavated soil was loaded into the soil screening equipment 
using the backhoe/loader. Screening was performed using a trommel screener with a 50-ton/hour 
capacity. The screen was a standard portable design with a feed hopper and grizzly bars, fines stacking 
conveyor, and a reject (oversized material) discharge conveyor. 

After screening, the fines were dropped from the fines stacking conveyor into a loader and placed into a 
live-bottom truck bed for transport to the Soils Bioremediation Facility Ten to twenty percent of excavated 
material was rejected as oversized. 

3.2.1.3 Disoosition of Oversized Materials 

Oversized clean material was used as cover material at the NSWC Crane landfill. Oversized contaminated 
material was separated into soil clods (10 to 15 cubic yards), vegetation (1 cubic yard), and rock (1 cubic 
yard), and handled as described below. 

The soil clods were spread out in a 4- to 6-inch-thick layer and allowed to dry sufficiently prior to 
pulverization by excavating equipment. The soil was then segregated and stockpiled for later disposition. 

The vegetation was stockpiled on site and then relocated to the Soils Bioremediation Facility where it will 
be incorporated into windrows during full-scale operations. 

The rocks were placed in a single layer on bermed 60-mil plastic and sprayed with potable water using a 
high-pressure sprayer. The rocks were individually turned over, sprayed again, and placed in metal 
baskets. The water that accumulated on the plastic was transferred to a holding tank. 

.- 
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Additional water was run through each basket of rocks, draining through the bottom. When the water ran 
clear, two samples were collected. The rinse water was collected and transferred to the holding tank. The 
collected rinse water was transported to the MFA water treatment plant. The rocks were stockpiled. 

Analytical results of the rock rinse water sample exceeded method reporting limits for HMX, RDX. TNT, 
and 4-ADNT at 34.1, 396, 52. and 12.8 parts per billion (ppb), respectively. The stockpiled rocks will be re- 
rinsed using a new procedure during full-scale operations. 

3.2.1.4 Backfillina and Site Restoration 

The extent of the MFA excavation and post-excavation sampling locations were surveyed to determine the 
volume of the excavation, to record the extent of the excavation, and to record the location of the samples. 
The excavation was backfilled or covered with plastic at the end of each day during periods of predicted 
precipitation. The excavation was backfilled to grade with clean fill from an on-site borrow source following 
completion of excavation. 

Backfilled areas were covered with a minimum of 3 inches of topsoil (defined as having a miriimum of 
5 percent organic matter), seeded with native grasses, fertilized, and watered. Erosion control measures 
were maintained until the grasses were well established. Additional details on backfilling and restoration 
are specified in the Pilot Scale Operational Plan (MK. 1997b). 

3.2.2 Amendment Supply and Storage 

The amendments were brought on site and stored in the asphalt-paved amendment storage bins, as 
shown in Figure 3-1. All amendment suppliers are identified on the Record of Recipe forms (Appendices B 
and I). The cow manure originates from a free-stall dairy and is essentially pure manure (i.e., free of 
bedding material). This manure has been processed through a separator to remove most free liquid, 
leaving the cow manure at approximately 60 percent moisture content. The chicken manure was from 
layer hens and contains approximately 1 percent feathers, eggs, or other natural impurities. It is also free 
of bedding material. All manures were delivered in bulk to the amendment storage area. 

Manures were delivered within one week prior to loading the windrows to ensure quality and freshness of 
the amendment and to avoid potential odor and leaching problems. The alfalfa hay and straw were 
supplied in bales bound with a plastic mesh baling material which was removed prior to mixing. Vegetable 
waste was delivered in bulk at approximately 65 to 70 percent moisture. Wood chips and sawdust were 
also delivered in bulk. Amendments were covered to minimize adding nitrate and suspended solids to 
storm runoff during rainy periods. 

3.2.3 Load and Blending Amendments 

Amendments were loaded on a volume basis using a center-pivot loader into a tractor-powered 
grinder/mixer unit, in the proportions specified in Tables 2-3 and 2-4 The mixer then homogenized each 
mix by mixing for 10 to 15 minutes. Water was added for dust control to mixes containing large fractions of 
straw, alfalfa, or sawdust. 

3.2.4 Load Amendment Blends into Windrows 

Amendment blends were unloaded from the grinder/mixer unit through a side-mounted discharge 
conveyor forming a windrow approximately 6 feet high, 12 feet wide, and approximately 20 to 25 feet long. 
A second windrow adjacent to and partially overlapping the first windrow was then loaded into the building, 
forming a single, larger windrow approximately 20 feet wide with two peaks 6 feet high. 
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Subsequent windrows were loaded by the same process. The windrow turner then turned and shaped 
each windrow until it was about 20 feet wide and 4% feet tall. 

3.2.5 Load Soil into Windrow 

After each amendment blend was loaded in the building and shaped, stockpiled screened soil was 
delivered to the compost windrow in covered trailers. The soil was unloaded from the trailer into a self- 
powered hopper/conveyor, which placed the soil on top of the amendment blend windrow to complete the 
formation of the windrow. The soil was loaded on a volume basis. No additional contaminated sediments, 
soils, or water were added to the windrows following initial mixing of the windrow. 

3.2.6 Turn/Mix Windrow 

After the soil was loaded into the windrows, the windrow/compost turning machine (Scarab) mixed~and 
reformed the windrows. The travel speed of the windrow turner is adjusted automatically based on the 
density of the material being turned to maintain a constant load on the rotating drum. The windrow turner 
normally made at least three passes during initial windrow construction to assure thorough mixing. 

The windrows were normally turned once a day, but the turning frequency was increased as necessary to 
maintain proper aeration, temperature, and moisture, as described in Section 2. Moisture addition took 
place during the windrow mixing stage to maintain optimum moisture conditions as described in Section 2. 
Moisture was added to the windrows either by a spray manifold on the windrow turning machine or 
manually, using a hose. 

General building cleanliness was maintained by using the front-end loader and/or the skid steer loader to 
collect stray compost materials and reform the piles, if necessary Brooms and shovels were used in 
areas that were inaccessible to the larger equipment. Any ponded liquid on the floor around windrows was 
manually moved to the sump within 24 hours. The windrows were kept segregated, well-formed, and 
identified with signs containing the mix number, quantities of ingredients, and date formed. 

3.2.7 Disposition of Compost Following Test Completion 

The finished clean soil compost was delivered to the NSWC Crane golf course and Ordnance Test Area 
for use as soil amendment. The finished contaminated soil compost is intended to be used as landfill daily 
cover material at the NSWC Crane landfill, located adjacent to the Soils Bioremediation Facility. A letter 
containing an Insignificant Modification to the existing landfill permit will be submitted to the Indiana 
Department of Environmental Management to obtain approval for using finished compost material as 
landfill cover material. 
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4.0 
DATA COLLECTION AND MANAGEMENT 

4.1 PROCESS MONITORING AND DATA COLLECTION 

The following process parameters were monitored during both the clean and contaminated soil tests using 
field instruments, as described in the Pilot Scale Operational P/an (MK. 1997b). 

. Temperature 

. Oxygen level 
Moisture content 

PH 
Carbon and nitrogen 

Monitoring locations and frequencies for each of these parameters are described in the following sections. 
Calibration of all field instrumentation was performed daily prior to use as specified in the Pilot Scale 
Operational Plan (MK. 1997b). 

All in situ measurements (i.e., temperature, oxygen level) were taken prior to removing sample material for 
other measurements or analyses to avoid disturbing the compost pile and potentially biasing the in situ 
measurement. 

To evaluate performance goals, contaminated soils testing samples were also collected and analyzed for 
metals and explosives. 

4.1.1 Temperature 

Wmdrow temperature was normally monitored twice daily, before and after turning, although additional 
monitoring was performed if the windrow was turned a second time in one day. Temperature readings 
were taken using a hand-held temperature probe at the six sampling/monitoring locations at each of the 
four cross sections (A, B. C. and D as shown in Figure 4-l). These locations were selected to provide 
representative temperature profiles for the inner core and outer near-surface conditions. Ambient air 
temperature and humidity inside the buildings were monitored daily using an alcohol or mercury 
thermometer and a hygrometer. 

4.1.2 Oxygen Level 

Oxygen level was normally monitored twice daily, before and after turning, although additional monitoring 
was performed if the windrow was turned a second time in a single day. Oxygen level measurements were 
collected using a hand-held probe at the same locations as the temperature measurements. 

4.1.3 Moisture Content 

Moisture level monitoring was performed three times per week, prior to windrow turning, to determine 
moisture addition requirements. Water was then added as required during windrow turning. Moisture 
levels were rechecked again after windrow turning if water was added. Moisture level samples were 
collected from each of the four cross sections (A, B, C, and D, as shown in Figure 4-1). At each cross- 
section, samples from locations 1, 2, and 3 (Figure 4-1) were composited for a total of four composited 
samples per windrow. Moisture content data was used to determine maximum WHC and percent moisture 
at saturation (PMS), as described in the Pilot Scale Operational Plan (MK, 1997b). 
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4.1.4 pH 

Samples for pH monitoring were collected weekly as a composite of locations 1. 2, and 3 at each of the 
four cross sections, prior to turning, as shown in Figure 4-1. pH was not adjusted during treatment. 

4.1.5 Carbon and Nitrogen 

Carbon and nitrogen are the primary nutrient sources for mjcrobial growth. Total organic carbon (TOC) 
and total Kjeldahl nitrogen (TKN) are monitored to track the carbon-to-nitrogen (C:N) ratio during the 
composting process. Samples from both the clean and contaminated soil testing were collected for TOC 
analysis (EPA Method 9060) and nitrogen analysis (EPA Method 351.3, as TKN) at the locations shown in 
Figure 4-1, after windrow turning. Samples were collected using a hand auger. The C:N ratio was not 
adjusted. 

4.1.6 Metals and Explosives 

Samples of the contaminated soil from MFA were collected for metals analysis (EPA Methods 6010 and 
7470) before the soil was mixed with amendments. Samples were collected for explosives analysis (EPA 
Method 6330) at the locations shown in Figure 4-1, after windrow turning. Samples were collected using a 
hand auger, as described in the Quality Assurance Project Plan for Pilot Scale Operations at the Biofacilify 
(MK. 1997d). 

4.2 SAMPLE COLLECTION FOR OFF-SITE ANALYSIS 

Analyses for TOC, TKN, explosives, and metals were performed by en off-site laboratory. Samples slated 
for off-site analysis were collected from cross sections A through D along each windrow. At each cross 
section, six sampling/monitoring points were established, as shown in’figure 4-I. The sampling schedule 
and EPA analytical methods (EPA, 1983; EPA, 1995) in Table 4-1 for clean soil testing and in Table 4-2 
for contaminated soil testing. 

Samples were promptly containerized, placed in a cooler or refrigerator, and shipped to: 

Southwest Laboratory of Oklahoma Inc. 
1700 West Albany, Suite C 
Broken Arrow, Oklahoma 74012 
918-251-2858 

Shipping and handling procedures are detailed in the Quality Assurance Project P/an for Pi/of Scale 
Operations at the Biofacilify (MK, 1997d). 

TABLE 4-l 
WINDROW SAMPLING SCHEDULE - CLEAN SOIL TESTING 

Parameter Analytical Method 

TOC 9060 

TKN EPA 351.3 

Number of Samples 
per Sampling event 

3 per cm** section 
(12 total) from depth 

of 2.5 feet 

Volume Required 
per Sample 

8 OU”ceS (all 3 
analyses may be 
pelformed using 8 

ounces of soil) 

Schedule 

Day 0. 5, 10, 20. and 
30 
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TABLE 4-2 
WINDROW SAMPLING SCHEDULE -CONTAMINATED SOIL TESTING 

Parameter Analytical Method 
Number of Samples 
per Sampling Event 

Votume Required 
per Sample Schedule 

Metals (barium. 
cadmium, total 

chromium. lead) 

6010 3 per cross section 
(12 total) from a depth 

of 2.5 feet 

Day 0 and 60 

TOC 9060 

TKN EPA 351.3 

3 per cross section 
(12 total) from a depth 

Of 2.5 feet 

3 per cross *ection 
(12 total) from a depth 

of 2.5 feet 

6 ounces (all 3 
analyses may be 

performed using 6 
ounces of soil) 

Day 0. 5. 10. 20. 30, 
40. and 60 

Explosives (TNT, 
RDX, HMX, 2.ADNT, 

and 4.ADNT) 

8330 3 per cross section 
(12 total) from a depth 

of 2.5 feet 

- 
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5.0 
FIELD CLARIFICATIONS TO THE WORK PLAN 

As the pilot-test proceeded, methods of improving operations and clarifying documentation were identified. 
Field clarifications to the Work Plan, field clarification requests (FCRs), were written and incorporated into 
the pilot-test operations to document the changes. The FCRs are summarized below. Copies of the FCRs 
are provided in Appendix A. 

FCR No. Descrhtion 

1 

2 

6 

7 

8 

9 

10 

11 

12 

Modified the operational plan to allow the use of a wheeled tractor to transport sampling 
equipment and samples because of the amount of equipment required, the distance from the lab, 
and the number of samples required. 

Updated drawings to reflect the trailer configuration and revised versions of Tables 4-1 and 4-2, 
which incorporated the latest density and cost information, were inserted. The bacteriological tests 
were deferred until equipment was arranged for or obtained. 

Health and Safety Plan improved based on the results of sampling conducted during the clean 
run. The tests were run to determine if hazards that could have been present were actually were 
present. Occupational exposure to hazards was determined to be far less than originally 
theorized. 

Improved the operational plan to make it easier to train personnel to comply with the plan. 

Improved the Health and Safety Plan based on biological and chemical analytical results received 
from the laboratory for air samples taken during the clean run. 

Allows for soil stockpiling in a biofacility building to allow more timely mix production. Addition of 
the Wiley Mill and sample splitter for sample collection. Allow amendment mixtures to be 
generated no more than two days prior to soil addition. 

More detail was added to the QAPP to explain how to calculate Relative Percent Differences and 
to explain when additional duplicates were required for temperature or oxygen monitoring. 

Replaced draft hazard analysis report with the final report added MK letter documenting report 
recommendations, and added report entitled Hazard Review of Wiley Mi//. 

Improved noise monitoring and equipment decontamination procedures. 

Consolidated samples to improve analytical performance. 

Changed the arrangement of equipment in the excavation area exclusion zone to reduce the size 
of the zone, based on the amount of area necessary to obtain approximately 200 cubic yards of 
material. 

Submitted request to remove duplicate entries, items that did not occur at the same time with the 
subject actions, and items that were completed but required no follow-up on the Field Inspection 
Checklists. Improvements were deferred to the full-scale plan. 

Revised Health and Safety Plan to include a direct phone number for emergency response crews. 
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13 

14 

15 

16 

17 

18 

19 

20 

Recommended use of some site systems to improve wastewater management. No action will be 
taken until experience has been gained to assure the improvements were warranted. 

- 

Modified SOP 10.0 to facilitate training. 

Updated the QAPP by inserting latest Southwest Laboratory Procedures. Approval of the FCR 
would be granted with the approval of the Full-Scale QAPP. 

Clarified air sampling procedures to facilitate training. 

Updated the Soil Excavation Plan to allow excavation during the period between the pilot- and full- 
scale tests. 

Voided (replaced by FCR 19) 

Established rock washing procedures to facilitate training and allowed oversight of rock washing. 
Approval of the FCR would be granted with the approval of the Full-Scale Operational Plan. 

Proposed that all plans be updated to establish more efficient sampling grids at MFA 

. . 
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6.0 
RESULTS AND DISCUSSION - CLEAN SOIL TESTS 

6.1 DATA ANALYSIS AND EVALUATION 

Process parameters were measured and monitored as described in Section 4.1. Texture was also 
evaluated due to its influence on the process parameters and for aiding the review of the parameter 
monitoring results. 

6.1.1 Texture 

Texture of the compost material has significant influence on the process parameters, i.e.. moisture 
content, oxygen content, and temperature. If the final amendment and soil mix is too dense, bulking of the 
material does not occur and oxygen levels may be too low to sustain high bacteria growth, which results in 
lower temperatures and lowered explosive degradation rates. If the final mix is extremely high in bulking 
agents, such as straw, wood chips, or alfalfa. the mix may be stringy or clumpy. Thorough mixing of the 
recipe does not occur and results in a nonhomogeneous mass that may be difficult to sample. To allow 
comparison between the various mixes, the following categories of texture were used to classify and 
grade each mix at the initiation, mid-cycle, and end of cycle conditions. 

. VG (Very Good). The mixture is well mixed and appears to be homogenous. There is minimal or 
no clumping of materials. The mix appears to be uniformly moist and samples are easily collected. 

. G (Good). The mixture is well mixed, appears to be homogenous with minor clumping, uniformly 
moist, and samples are fairly easily collected. 

. A (Average). The mixture is fairly well mixed with some segregation, noticeably high level of fmes 
or significant clumping with noticeable moisture differences (spots of wet and dry areas). Sample 
collection may become more difficult. 

. P (Poor). The mixture is difficult to turn. It is not very well mixed and exhibits signs of segregation 
or increased density Clumping may be highly visible, and wet and dry spots are easily identified. 
Sample collection may be very difficult. 

Based upon the texture observations described below, Mixes 3, 4, 5. 6, 7A, 7B, and 7C appear to be more 
conducive to maintaining optimum bulking and aeration for enhancing biodegradation. 

6.1.1.1 Mix2Texture 

The overall texture rating of Mix 2 is A. The initial mixing of the Mix 2 of amendments yielded a very moist, 
clumpy, non-homogeneous product. The amendments were discharged from the grinder/mixer in IO-inch- 
diameter and larger lumps due to its very dense, sticky and difficult-to-handle characteristics. Ammonia 
vapors were present in excess of 100 parts per million (ppm) in the immediate area of the windrow 
impacting health and safety As soil was added and the mixture turned with the windrow machine, the 
consistency improved, but the mixture continued to appear very dense when compared to other mixes. At 
day 15 the consistency continued to improve but as the moisture level dropped, the wood chips appeared 
to segregate from the chicken manure. At day 26 the wood chips were very prominent at the surface and 
segregation was evident. Below the surface, the soil and chicken manure mix appeared very fine and 
varied from dry to moist. 
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6.1.1.2 Mix3Texture 

The overall texture rating of Mix 3 is G. The initial mixing of amendments yielded a well-mixed, moist 
product. The material appeared homogeneous and fluffy As soil was added, the mixture changed very 
little and remained homogeneous. At day 25, the wood chips were more prominent and appeared to be 
slightly segregated. The other material in the mix was very fine and slightly moist. 

6.1.1.3 Mix4 Texture 

The overall texture rating of Mix 4 is VG. The initial mixing of amendments yielded a well-mixed, moist 
product. The material appeared to be homogeneous and fluffy The odor of potato waste and ammonia 
was evident but not severe. As soil was added, the mix appeared to remain homogeneous. At day 25, the 
mix was much finer. moist, and remained homogeneous. 

6.1.1.4 Mix 5 Texture 

The overall texture rating of Mix 5 is VG. The initial mixing of amendments yielded a well-mixed, moist 
product. The material appeared to be homogeneous and fluffy As soil was added, the mix appeared to 
remain homogeneous. At day 25, the mix was much finer, moist, and remained homogeneous. 

6.1.1.5 Mix 6 Texture 

The overall texture rating of Mix 6 is VG. The initial mixing of amendments yielded a well-mixed, moist 
product. The material appeared to be homogeneous and fluffy As soil was added appearance remained 
homogeneous and moist. At day 25, the mix was very fine, moist, and remained homogeneous. Wood 
chips were evident but not prominent or segregated. 

6.1.1.6 Mix7ATexture 

Mix 7A texture data was not available from the dry run tests performed in April 1997; however, because 
the recipe is similar to Mix 78. the overall texture rating of Mix 7A is estimated to be VG. 

6.1.1.7 Mix 78 Texture 

The overall texture rating of Mix 78 is VG. The initial mixing of amendments yielded a well-mixed, 
extremely fluffy, and slightly dry product. The material appeared to be homogeneous. Ammonia odor was 
evident but not severe. As soil was added, the appearance of the mix remained homogeneous. The mix 
was difficult to sample and probe during the middle stages of composting, due to low moisture content. At 
day 25, the mix was moist, and remained homogeneous. Straw was prominent but not segregated. 
Sampling and probing improved with additional passes of windrow. 

6.1.1.8 Mix 7C Texture 

The overall texture rating of Mix 7C is VG. The initial mixing of amendments yielded a well-mixed. 
extremely fluffy and slightly dry product. The material appeared to be homogeneous. Ammonia odor was 
evident but not severe. As soil was added, the appearance of the mix remained homogeneous. During the 
middle stages of composting, the mix was difficult to sample and probe due to low moisture content. At 
day 25, the mix was moist and remained homogeneous. Sampling and probing improved with additional 
passes of windrow. 
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6.1.2 Temperature 

Temperature is the primary indicator of successful thermophilic composting. The normal thermal operating 
range for composting is 25 to 65°C. Previous studies of explosives-contaminated soil composting indicate 
that average temperature should rise to 25 to 40°C within the first few days of formation, continue rising to 
within the temperature range of 40 to 65-C, and maintain that range for at least 2 weeks, provided 
adequate moisture, nutrients, and oxygen are available. The process goal was to maintain the average 
windrow temperature near 55°C. Temperature decrease over time below 50,‘C is viewed as an indicator 
of a pile that is nearing the end of its operation (Weston, 1993). Temperature measurements were 
recorded before and afler each windrow turning event. However, Mixes 4. 5, 78, and 7C were generated 
late on day 0 and did not receive post turn temperature an,d oxygen testing until the following day. Pre-turn 
temperatures are more useful for evaluation and comparison because they represent heat development 
over time. “Average” temperature is defined as the average of the 24 monitoring locations in each 
windrow. Complete individual temperature profiles are provided in Appendix C, and include post-turn 
measurements. The figures have been annotated with process adjustments, such as water addition and 
number of windrow machine passes per turning event, which may impact temperatures. 

The following categories of temperature are used to classify each mix at the initiation, mid-cycle, and end 
of cycle conditions. 

. VG. The mixture exhibits a rapid temperature increase to 40°C within 2 days. Temperatures 
continue to rise above 55°C and maintain for approximately 2 weeks. Temperatures often exceed 
65°C but are readily reduced with aeration and/or moisture addition to within the optimum 
operating range. 

. G. The mixture exhibits temperatures of 40” to 50°C within 5 days. Temperatures continue to rise 
to 55°C are maintained for 2 weeks, and may exceed 60°C occasionally. 

. A. The mixture exhibits temperatures of 40” to 50°C within 7 days. Temperatures of 55°C are not 
maintained for 2 weeks and rarely or never exceeds 60°C. 

. P. The mixture does not exhibit temperatures of 50°C within 10 days. Temperatures do not rise to 
55°C and are not maintained. 

Based upon the results of temperature monitoring described below, Mixes 3, 4, 5, 6, 78 and 7C appear to 
be more conducive to maintaining optimum temperatures for enhancing biodegradation. Temperature 
readings throughout these piles were consistent and showed minimal variability and deviation. Mix 7A’s 
temperature profile may be biased, however, because of the colder ambient temperatures. 

6.1.2.1 Mix 2 Temoerature 

The overall temperature rating of Mix 2 is A. The initial average pre-turn temperatures of Mix 2 increased 
to above 40°C during the first day of formation. Average pre-turn temperatures continued to increase 
above 55°C within 5 days and only maintained 55°C or higher for 6 days. The maximum average pre-turn 
temperature was 58.5”C. The remaining average temperatures fluctuated between 45°C and 50°C. 

6.1.2.2 Mix 3 Temperature 

The overall temperature rating of Mix 3 is G. The initial average pre-turn temperatures of Mix 3 increased 
to above 40°C during the first day of formation. Average pre-turn temperatures continued to increase 
above 55% within 3 days and maintained 55°C or higher for 14 days with periods occasionally dropping 
to 51 “C due to low moisture content. The maximum average pre-turn temperature was 61.88”C. 
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6.1.2.3 Mix4 Temperature 

The overall temperature rating of Mix 4 is A. The initial average pre-turn temperatures of Mix 4 increased 
to above 40°C during the first day of formation. Average pre-turn temperatures increase above 55°C only 
occasionally (4 non-consecutive days). The maximum average pm-turn temperature was 58.33”C. 

6.124 Mix 5 Temperature 

The overall temperature rating of Mix 5 is G. The initial average pre-turn temperatures of Mix 5 increased 
to 40°C during the first day of formation. Average pre-turn temperatures continued to increase above 
55°C within 4 days, and maintained 55°C or higher for 17 days with periodic drops as low as 52°C due to 
low moisture. The maximum average pre-turn temperature was 60.58”C. 

6.1.2.5 Mix 6 Temoerature 

The overall temperature rating of Mix 6 is G. The initial average pre-turn temperatures of Mix 6 increased 
to above 40°C during the first 2 days of formation. Average pre-turn temperatures continued to increase 
above 55°C within 5 days, and maintained 55°C or higher for more than 20 days with an occasional drop 
to 52.33”C. The maximum average pre-turn temperature was 59.42-C. 

6.1.2.6 Mix 7A Temoerature (from Drv Run tests) 

The overall temperature rating of Mix 7A is P; however, this temperature profile may be biased because of 
the colder ambient temperatures. Temperature information was extracted from the dry run tests performed 
in March and April of 1997. Ambient temperatures ranged from -3°C to 22°C. with the lowest 
temperatures recorded on days 0 and 1. The initial average pre-turn temperatures of Mix 7A increased to 
above 40°C during the first 9 days of cornposting. Average pre-turn temperatures continued to increase, 
but never reached 55°C. The maximum average pre-turn temperature was 54°C. 

6.1.2.7 Mix 

The overall temperature rating of Mix 76 is VG. The initial average pre-turn temperatures of Mix 78 
increased to above 40°C during the first day of formation. Average pre-turn temperatures continued to 
increase above 55°C within 2 days and maintained 55°C or higher for 16 days, with three drops below 
55°C when water was added. The pile repeatedly reached temperatures above 60°C. The maximum 
average pre-turn temperature was 66.92-C. 

6.1.2.8 Mix 7C TemDeratUre 

The overall temperature rating of Mix 7C is VG. The initial average pm-turn temperatures of Mix 7C 
increased to above 40°C during the first 2 days of formation. Average pre-turn temperatures continued to 
increase above 55% within 4 days and maintained 55°C for more than 20 days, except when water was 
added. The mix repeatedly reached temperatures above 60°C. The maximum average pre-turn 
temperature was 6542°C. 

6.1.3 Moisture Content 

Microbial biodegradation is most efficient at moisture contents of 40 to 60 percent maximum WHC. with 
50 percent WHC being considered optimum. Reduced moisture content may inhibit microbial movement 
and nutrient availability, while excessive moisture content will cause the moisture to fill the void spaces 
needed for proper aeration, thus reducing the oxygen level and retarding aerobic microbial growth. At no 
time during the process was leachate observed from any of the mixes. Moisture level monitoring was 
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performed three times per week. If moisture was added to the windrows, moisture levels were checked 
again after windrow turning. Average WHC data and figures for individual recipes are provided in 
Appendix D. 

Due to high levels of evaporation during the composting cycle and a procedural restriction that limited 
water addition to 100 gallons per day, the moisture content of the mixtures began to drop. The surface of 
the piles became dusty during high winds. With the EPD’s concurrence, as much as 300 gallons per day 
were added in order to obtain the appropriate moisture levels. Appendix D includes plots that show 
moisture added for individual windrows. The moisture content of all mixes was brought up to and 
maintained at approximately 50 percent maximum WHC. No further dust was evident during the test 
period. 

The percent of maximum WHC is the ratio of the mass of water retained in the mix sample compared to 
the mass of water retained in the sample at saturation. However, each mix has a different WHC, 
depending on the amendment mix, which may change as degradation proceeds. The PMS is the ratio of 
the maximum amount of water retained in the mix sample at saturation compared to the total weight of the 
mix sample at saturation. To provide a better comparison between different mixes, the PMS is used here 
for comparison. 

The following categories of moisture condition were used to grade each mix at the initiation, mid-cycle, 
and end of cycle conditions. 

. VG. The mixture exhibits excellent moisture holding capabilities. The PMS consistently is greater 
than 50 percent. 

. G. The mixture exhibits good moisture holding capabilities. The average PMS is greater than 
42 percent but less than 50 percent. May exceed 50 percent at times. 

. A. The mixture exhibits fair moisture holding capabilities. The average PMS is less than 42 
percent but greater than 35 percent. May exceed 42 percent at times. 

. P. The mixture does not exhibit good moisture holding capabilities. The average PMS is less than 
35 percent. 

Based upon the results described below, Mixes 3. 4, 5. 6, 7A, 78. and 7C appear to be more conducive to 
maintaining optimum moisture conditions for enhancing biodegradation. The moisture data and profiles 
provided in Appendix D show the monitoring results of the average moisture measurements. The graphs 
have been annotated with process adjustments which may cause a fluctuation in moisture content such as 
water addition and number of windrow machine passes per turning event. 

6.131 Mix 2 Moisture 

The average PMS for Mix 2 is rated A. Throughout the 30-day cycle, Mix 2 required the addition of 550 
gallons of water to maintain optimum WHC conditions. The average PMS for Mix 2 throughout its cycle is 
slightly above 40 percent. 

6.1.3.2 Mix 3 Moisture 

The average PMS for Mix 3 is rated G. Mix 3 required the addition of 900 gallons of water throughout the 
30-day cycle to maintain optimum WHC conditions. The average PMS for Mix 3 throughout its cycle is 
slightly above 45 percent. 
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6.1.3.3 Mix 4 Moisture 

The average PMS for Mix 4 is rated G. Mix 4 required the addition of 400 gallons of water throughout the 
30-day cycle to maintain optimum WHC conditions. The average PMS for Mix 4 throughout its cycle is 
slightly above 47 percent. 

6.1.3.4 Mix 5 Moisture 

The average PMS for Mix 5 is rated G. Mix 5 required the addition of 1,000 gallons of water throughout the 
30-day cycle to maintain optimum WHC conditions. The average PMS for Mix 5 throughout its cycle is 
slightly above 47 percent. 

6.1.3.5 Mix 6 Moisture 

The average PMS for Mix 6 is rated G. Mix 6 required the addition of 750 gallons of water throughout the 
30-day cycle to maintain optimum WHC conditions. The average PMS for Mix 6 throughout its cycle is 
slightly above 45 percent. 

6.1.3.6 Mix 7A Moisture 

The average PMS for Mix 7A is not available; however due to its similarity to Mix 76. the average PMS is 
assumed to be similarly rated VG. Mix 7A required the addition of 530 gallons of water throughout the dry 
run test cycle (33 days). 

6.1.3.7 Mix 78 Moisture 

The average PMS for Mix 78 is rated VG. Midway through the composting cycle (July 11, 1997). Mix 78 
became extremely difficult to sample and probe with the instruments due to low moisture content resulting 
from moisture evaporation. Significant quantities of water were added and an increase in the number of 
windrow passes at each turning event alleviated the problem. Both conditions were corrected and are not 
expected to occur during the contaminated soil operation. Mix 7B required the addition of 1,000 gallons of 
water throughout the 30-day cycle to maintain optimum WHC conditions. The average PMS for Mix 76 
throughout its cycle is slightly above 56 percent. 

- 

6.1.3.8 Mix 7C Moisture 

The average PMS for Mix 7C is rated G. Mix 7C required the addition of 700 gallons of water throughout 
the 30-day cycle to maintain optimum WHC conditions. The average PMS for Mix 7C throughout its cycle 
is slightly above 45 percent. 

6.1.4 Oxygen Levels 

Oxygen levels of up to ambient atmospheric or about 20 percent are preferred in a compost windrow. and 
5 percent is considered the minimum for rapid compost degradation. Oxygen levels below 1 percent 
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 occur only for 1 to 2 hours following 
turning, as described below. 

The oxygen available to microbes in a windrow isthe result of aeration by turning; oxygen diffusion from 
the atmosphere into the windrow is negligible (Biocycle, 1991). Therefore, oxygen availability is a function 
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of the air-filled pore volume, which is in turn a function of porosity and moisture content. As compost is 
turned and degrades, the porosity is reduced, which in turn reduces available oxygen. Similarly, increasing 
the moisture content also reduces available oxygen. 

For example, consider a compost with a dry density of 1,000 pounds per cubic yard (Ibs/yd3) or 0.6 grams 
per cubic centimeter (g/cm3). At 50 percent porosity and 50 percent maximum WHC. each cm” of compost 
contains 0.25 cm’of air (0.5 cm3x 0.5). Because air is about 21 percent oxygen, which has a density of 
1.43 mg/cm3. each cm3 of compost contains 0.075 mg of oxygen (0.25 cm3 x 0.21 x 1.43 mg/cm3) and 
0.6 grams of solids. Therefore, about 0.13 mg of oxygen are available for each gram of solids 
(0.075 mg10.6 g). 

Literature values of oxygen consumption rates from municipal waste composting operations vary over a 
wide range, from 1.0 mg/g-hr to 14 mg/g-hr (Biocycle, 1991). From the example above which indicates 
that only about 0.13 mg oxygen is available for each gram of solids, it should be expected that oxygen 
levels are rapidly depleted, and that anaerobic conditions exist through at least part of each day. This is 
supported by data from the Umatilla windrows where oxygen was measured every minute for one hour 
following turning (Weston, 1993). Oxygen levels were observed to decrease to 5 percent in 10 to 
30 minutes, and to 1 percent in 30 minutes to 1 hour. 

Furthermore, even under oxygen levels of 5 to 20 percent, anaerobic microsites exist throughout a 
compost windrow. As a result of the restricted oxygen diffusion through soil and organic matter particles, 
saturated aggregates and crumbs larger than a few mm will have no oxygen at their center (Paul and 
Clark, 1989). The presence of aerobic microbes can create localized anaerobic conditions as they 
consume oxygen (Paul and Clark, 1989. p.17). Microbiological counts of the compost were not performed 
during this project. However, counts of aerobic, anaerobic, obligate anaerobic, and thermophilic bacteria 
were performed at Umatilla as part of the compost seeding studies (Weston, 1993). The results showed 
that total aerobic and total anaerobic bacteria counts were equivalent, and suggest that both anaerobic 
and aerobic bacteria play an important role in compost degradation. This is supported by the observation 
at Umatilla that unaerated windrows performed equal to or better than aerated windrows in terms of 
contaminant degradation. 

Oxygen levels were observed to decline rapidly during the clean soil tests to low levels (less than 
5 percent) within 2 to 3 hours after mixing. Oxygen levels of less than 1 percent indicate the process is 
approaching anaerobic conditions, and aeration is required. Prior to July 12, 1997 (days 14 and 15). all 
post-turn oxygen and temperatures were monitored up to one hour after turning. To obtain a more 
accurate indication of post-turn oxygen content, the procedure was changed to perform oxygen monitoring 
as soon as practical, which was normally within about 15 minutes. Only the oxygen levels measured after 
July 12. 1997 are considered in the discussions below. The oxygen monitoring data and profiles are 
provided in Appendix E. 

The following categories are used to grade each mix at the initiation, mid-cycle, and end of cycle 
conditions. 

. VG. The mixture exhibits an excellent oxygenation level. Levels of oxygen greater than 12 percent 
are indicated after two or three passes of the turning machine. 

. G. The mixture exhibits a good oxygenation level. Levels of oxygen greater than 8 percent are 
indicated after two or three passes of the turning machine. 

. A. The mixture exhibits a fair oxygenation level with some difficulty and irregularity in increasing 
oxygen levels. Levels of oxygen greater than 5 percent require three passes of the windrow 
machine. 
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. P. The mixture does not exhibit very good oxygenation levels after three passes of the windrow 
machine. Levels of oxygen are less than 5 percent after three passes. 

Based upon the results described below, Mixes 3, 7A. 7B, and 7C appear to be more conducive to 
maintaining optimum oxygen conditions for enhancing biodegradation. Oxygen data and profiles are 
provided in Appendix E and show the monitoring results of the average oxygen measurements. The 
graphs have been annotated with process adjustments, such as number of windrow machine passes per 
turning event, which may cause a fluctuation in oxygen content. 

6.1.4.1 Mix 2 Oxvaen Content 

The oxygenation rating of Mix 2 is A. The average post-turn oxygen levels were recorded at less than 
3 percent with two passes of the windrow turner and between 5 and 10 percent with three passes. 

6.1.4.2 Mix 3 Oxvaen Content 

The oxygenation rating of Mix 3 is G. The average post-turn oxygen levels were recorded from 1.88 to 
14 percent with two passes of the windrow turner and between 7 and 11 percent with three passes. 

6.1.4.3 Mix 4 Oxvaen Content 

The oxygenation rating of Mix 4 is A. The average post-turn oxygen levels were recorded at less than 
4 percent with two passes of the windrow turner and greater than IO percent with three passes. 

6.1.4.4 Mix 5 Oxvaen Content 

The oxygenation rating of Mix 5 is A. The average post-turn oxygen levels were recorded at less than 
5 percent with two passes of the windrow turner and between 3 and 12 percent with three passes. 

6.1.4.5 Mix 6 Oxvaen Content 

The oxygenation rating of Mix 6 is A. The average post-turn oxygen levels were recorded at less than 
3 percent with two passes of the windrow turner and between 5 and IO percent with three passes. 

6.1.4.6 Mix 7A Oxvaen Content 

The oxygenation rating of Mix 7A is estimated to be very similar to Mix 7B and therefore is VG. Based on 
the data extracted from the dry run tests performed in March and April of 1997, the average post-turn 
oxygen levels were recorded at more than 6 percent and as high as 18 percent during the periods 
measured. The number of windrow turner passes was not recorded. 

6.1.4.7 Mix 75 Oxvaen Content 

The oxygenation rating of Mix 78 is VG. The average pest-turn oxygen levels were recorded at more than 
8 percent with one pass, greater than 17 percent with two passes of the windrow turner and as high as 18 
percent with three passes. 

6.1.4.8 Mix 

The oxygenation rating of Mix 7C is G. The average post-turn oxygen levels were recorded between 6 and 
11 percent with two passes of the windrow turner and between 3 and 11 percent with three passes. ,-~ 
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6.1.5 pH Monitoring 

pH of a compost pile normally remains within the range of 5.5 to 9. Samples for pH monitoring were 
collected at location 1 for each of the four cross sections, once per week, prior to turning. as described in 
the Section 4.1. pH was not adjusted during treatment. 

The pH in samples from Mixes 4, 5. and 6 decreased to below 7 in the first week, then increased up to 
8.7. The low pH was probably the result of organic acid generated by the degradation of potato waste in 
the mixes. A slight vinegar odor was noted as well. Samples from the remaining mixes resulted in pHs of 
7.43 to 8.88, which were within the anticipated range. pH monitoring data are presented in Appendix F. 

6.1.6 Carbon and Nitrogen Monitoring 

Carbon and nitrogen are the primary nutrient sources for microbial growth. Typical municipal and yard 
waste composting operations are thought to be most efficient when the C:N ratio is near 3O:l. This may be 
partly a reflection of the elemental composition of microbial matter, which generally ranges between 6:l 
and 251 (Biocycle, 1991). However, carbon in excess of that incorporated in cellular matter is required, 
because a large fraction (up to %) of available carbon is converted to carbon dioxide (CO,) through 
cellular respiration. This implies that the optimum C:N ratio is on the order of 18:l to 75:l. The optimum 
C:N ratio for a given mix will also depend on the availability of the carbon and nitrogen. The carbon in 
wood byproducts, for example, is less readily available than that in vegetable waste or manure. 
Additionally the optimum 3O:l is based on municipal and yard waste composting, which is not entirely 
equivalent to bioremediation by composting. 

Excess carbon may cause microbial growth to be nitrogen-limited, while excess nitrogen may result in the 
production of ammonia. While the C:N ratio is an important parameter controlling microbial growth, good 
growth can occur over a wide range of C:N ratios, and in many casesother factors such as moisture 
content or oxygen infiltration are limiting. This is clearly illustrated by comparing Mixes 7A and 78, which 
performed the best, yet had initial C:N values of 71 and 8.2, respectively. 

TOC and TKN levels were monitored for the purpose of tracking (but not adjusting) the C:N ratio during 
composting. C:N data are provided in Appendix G. 

6.1.6.1 Mix 2 Carbon:Nitroaen Ratio 

The initial average C:N ratio was 6.5, reflecting the high nitrogen content of the chicken manure. Ammonia 
vapors up to 100 ppm were recorded near the windrow during the early stages of composting. Ammonia 
vapors as high as 200 ppm were recorded at the chicken manure storage area. The C:N ratio decreased 
slightly to 6.0 on day IO. decreased to 3.5 on day 20, and increased to 8.4 by day 30. 

6.1.6.2 Mix 3 Carbon:Nitroaen Ratio 

The initial average C:N ratio was 9.2, reflecting the high nitrogen content of the alfalfa and turkey manure. 
The C:N ratio increased to 12.2 on day 10, decreased to 10.6 on day 20, and decreased slightly to 10.4 by 
day 30. 

6.1.6.3 Mix 4 Carbon:Nitroaen Ratio 

The initial average C:N ratio was 27.9. The C:N ratio decreased to 14.7 on day 10, 13.0 on day 20. and 
increased slightly to 16.4 by day 30. 
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6.1.6.4 Mix 5 Carbon:Nitroaen Ratio - 

The initial average C:N ratio was 14.8, reflecting the high nitrogen content of alfalfa and turkey manure. 
The C:N ratio decreased to 11.5 on day 10, increased slightly to 12.1 on day 20, and increased to 14.4 by 
day 30. 

6.1.6.5 Mix 6 CarbonNitroaen Ratio 

The initial average C:N ratio was 10.8 which indicates high nitrogen content also due to the high 
percentage of alfalfa and turkey manure. The C:N ratio increased to 13.5 on day 10. decreased to 10.2 on 
day 20. and increased to 15.4 by day 30. 

6.1.6.6 Mix 7A Carbon:Nitroaen Ratio 

The initial average C:N ratio was 71. The C:N ratio decreased to 31 on day 7. decreased to 16 on day 20. 
and remained constant at 16 to day 30. 

6.1.6.7 Mix 

The initial average C:N ratio was 8.2. The C:N ratio increased to 9.7 on day 10, decreased to 7.9 on day 
20, and increased slightly to 10 by day 30. 

6.1.6.8 Mix 7C Carbon:Nitroaen Ratio 

The initial average C:N ratio was 11. The C:N ratio decreased to 8.0 on day 10, decreased to 7.3 on day 
20, and increased slightly to 8.9 by day 30. 

6.1.7 Ambient Temperature and Humidity Monitoring 

The ambient temperature and relative humidity were monitored daily. Average daily ambient temperatures 
ranged between 20” and 28” C with the average daily relative humidity varying from 67 to 92 percent. 
Results of the ambient temperature and humidity monitoring are included in Appendix H. 

6.2 COMPARISON TO TEST OBJECTIVES 

To rank the overall results, the performance ratings presented above were assigned numerical values, 1 
being the most desirable or Very Good and 4 being most undesirable or Poor. The categories are then 
totaled for each recipe. The ranking for each recipe is summarized below, and Table 6-I lists the mixes 
and the overall score (the lower total being the most desirable and the highest total being the least 
desirable). 

6.2.1 Mix 2 

Mix 2 is the most undesirablqof the mixes tested with clean soil. Mix 2 exhibited.poor mixing and 
homogeneity, lower temperature profiles (less than 55”C), low moisture holding capacity, and poor 
oxygenation characteristics due to Its dense composition. Based on the data available, Mix 2 was 
eliminated from contaminated soil testing. 

6.2.2 Mix3 

Mix 3 exhibited good texture, temperature, moisture, and oxygenation characteristics; however, slight 
segregation of wood chips did occur and the remaining material was very fine. In addition, since the wood 
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chips do not represent a readily available carbon source, the C:N ratio is very low and may inhibit 
explosives degradation. Mix 3 is similar to Mixes 5 and 6, with the addition of potato waste and sawdust, 
and maintained an average temperature profile near 55°C for 9 continuous days and 13 days total. Mix 3 
was selected for contaminated soil testing. 

6.2.3 Mix4 

Mix 4 has the second most undesirable overall rating. However, this mix exhibited very good texture and 
homogeneity characteristics and good moisture holding qualities. Mix 4 also has proved effective in 
explosives degradation in full-scale operations at other facilities. Mix 4 was selected for contaminated soil 
testing. 

6.2.4 Mix 5 

Mix 5 has an overall rating at the midpoint of the recipes, exhibited very good texture and homogeneity 
characteristics, and maintained a temperature profile near 55°C for 17 days. The Mix 5 performance rating 
is the same as Mix 6, which is also a variation of a turkey manure recipe. Mix 5 is also a slight variation of 
Mix 4, with the chicken manure replaced by turkey manure. This may prove to be a key element in the 
final recipe, should the manure type impact explosives degradation. Mix 5 is less costly than Mix 6 and 
was selected for contaminated soil testing. 

6.2.5 Mix6 

Similar to Mix 5, Mix 6 exhibited very good texture and homogeneity characteristics and maintained a 
temperature profile of 55°C for 20 days. Based on slightly higher cost and similar performance to Mix 5. 
Mix 6 was not used in contaminated soil testing. 

6.2.6 Mix 7A 

Mix 7A data were difficult to compare to the pilot-scale clean soil test data, because the dry run tests were 
conducted in the early spring months, and different monitoring frequencies were used. Ambient 
temperatures were as low as 3’C and as high as 19°C. with an average over the testing period of 11 “C. 
Temperature, oxygen and moisture measurements were reported at different stages of the compost cycle; 
however, moisture content was presented as percent moisture versus WHC. Mix 7A exhibited very good 
oxygenation and economic characteristics. However, Mix 7A also exhibited the worst temperature profile 
of the recipes tested. Mix 7A took 9 days to increase to above 40°C and never reached 55°C; the lower 
ambient temperatures, however, may have kept the temperature profile at a lower range. Texture and 
percent moisture at saturation data 4was not recorded for Mix 7A. However, because Mix 7A is very 
similar to Mix 76, but with less chicken manure, the texture and moisture ratings can be assumed to be 
similar. Based on lowest cost and an estimated rating of the third most desirable, Mix 7A was selected for 
contaminated soil testing. 

6.2.7 Mix 78 

Mixes 76 and 7C were the highest performers, exhibiting very good temperature, texture and homogeneity 
characteristics. Mix 79 was the more suitable recipe and outperformed Mix 7C in the moisture, 
oxygenation, and economic ratings. Mix 76 was selected for contaminated soil testing. 

6.2.6 Mix 7C 

Mix 7C was rated the second most desirable recipe tested. Since Mix 7C is the same as Mix 7B. except 
- that it has been adjusted for the addition of the vegetable waste, Mix 7C was modified and included in the 
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contaminated soil testing as Mix 8. Mix 8 adds 10 percent cow manure (considered to be a key ingredient 
in degradation of explosives-contaminated soil), has volume adjustments of 3 percent less chicken 
manure and 7 percent less straw, and has the same volume of potato waste and soil as 7C. Mix 8 uses 
the same amendments in different proportions as Mix 4, except for the replacement of the alfalfa and 
sawdust with straw, an increase in chicken manure to account for the loss of alfalfa nitrogen content, and 
a reduction in cow manure. 

Mix Mix 

2 2 

TABLE 6-I TABLE 6-I 
SUMMARY OF MIX RATINGS SUMMARY OF MIX RATINGS 

category category 

Texture Texture Temperature Temperature Moisture Moisture Oxygenation Oxygenation Total Rating Total Rating 

3 3 3 3 3 3 I 3 3 12 12 

II 3 4 2 1 2 3 I 

II 5 
I 2 2 2 3 8 9 I 

1 2 2 3 8 II 
6 1 2 2 3 8 

,A 1 4 1 1 7 

76 1 1 1 1 4 

r ~~ 7c I 1 I 1 I 2 2 6 

6.3 DATA QUALITY CONTROL SUMMARY 

Data quality for analytical data was evaluated through assessment of precision, accuracy, completeness, 
comparability, and representiveness (PARCC’s). Analytical quality assurance objectives were established 
to insure the quality of the analytical data produced by the contract laboratory 

Precision is the degree to which the measurement is reproducible. This was determined by comparison of 
samples/duplicates, laboratory control spikes/control spike duplicates or designated sample matrix spike/ 
matrix spike duplicates. Precision was calculated as the relative percent difference (RPD) between these 
duplicates according to the procedures. 

Accuracy was expressed as the percent recovery of a compound from a sample spiked with known 
concentrations of target compounds for each analytical method. The determination of the accuracy of a 
measurement requires a knowledge of the true or accepted value for the parameter being measured and 
the value of the parameter for the unspiked sample. 

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. Data were considered 
representative if the sampling was in accordance with the sampling programs outlined in the Quality 
Assurance Project Plan for Pilot Scale Operations at the Eiofacifity (MK, 1997d). 

Completeness is a measure of the amount of valid data obtained from an analytical data set compared 
with the amount that would be expected to be obtained under normal sampling and analytical conditions. 
Completeness is based on only those samples collected and submitted for laboratory analysis and was 
established at 90 percent for this project. 
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Comparability expresses the confidence with which one data set can be compared to another. Samples 
from the same media (i.e., soil, water) were considered comparable if the procedures for collecting and 
analyzing the samples are complied with and consistent. 

Comparability was assured through the use of established and approved analytical methods and 
protocols. The laboratory’s quality control program was designed to establish consistency in the 
performance of the analytical process. The program includes traceability of measurements to 
standardized reference materials to establish comparability with other laboratory results, and internal 
controls to verify consistency of the contract laboratory’s performance. 

Laboratory quality control (QC) samples were analyzed in order to evaluate the PARCC parameters and 
include where appropriate, method blanks, laboratory matrix spike/matrix spike duplicate samples, 
laboratory control sample/laboratory control sample duplicates, etc. These were run concurrently with the 
analytical batch to which the samples were assigned. 

The laboratory method blanks were carried through each step of the analytical method to examine the 
potential for cross-contamination. A method blank for laboratory analysis consists of deionized water or 
sterile soil (or equivalent). All laboratory method blanks were free from target compounds and 
interferences above the reporting limit and results are acceptable based upon the project data quality 
objectives for TKN and TOC analysis. 

The laboratory control sample and duplicate (LCS/LCSD) are samples prepared in the laboratory 
consisting of clean soil or water spiked with known amounts of target analytes which are processed 
through the sample preparation as field samples. Evaluation of the spike recoveries, and the variability 
between the LCS and LCSD. gives and indication of analysis accuracy and precision in a clean matrix. All 
LCS/LCSD precision and accuracy results met acceptable laboratory criteria for TKN and TOC analysis. 

The laboratory designated matrix spike and duplicate (MS/MSD) are samples spiked with known 
concentrations of target analytes which were taken through the entire analytical procedure and the 
recovery of the analytes calculated. The laboratory matrix spike was used to evaluate the accuracy of the 
method for different matrices. Additionally, the two spiked aliquots (MS/MSD) were processed separately 
and the results compared to evaluate the effects of the matrix on the precision of the method. Precision 
results are expressed as Relative Percent Differences (RPD) between the percent recovery for duplicate 
spiked samples analyzed. 

The MSlMSD precision was acceptable for most of the analytical batches. Three soil MSlMSD pairs 
exhibited elevated levels for RPD’s for TKN, and four soil MS/MSD pairs exhibited elevated RPD’s for 
TOC. 

Acceptable TKN and TOC accuracy criteria were met for most MS/MSD’s prepared with the samples. Two 
soil TKN MS/MSD samples exhibited high percent recoveries and three exhibited low percent recoveries. 
TKN recoveries ranged from 60-130 percent recovery Nine soil TOC MSlMSD samples exhibited high 
percent recoveries and three analytical batches had low recoveries. TOC recoveries ranged from 60-l 50 
percent recovery. Based upon the corresponding LCSlLCD recoveries and method blank results it is 
likely that the slight exceedences are attributable to sample matrix. 

Reporting limits were based on method detection limits for inorganics and method quantitation limits for 
organics. The method detection limit is defined as minimum concentration of a substance that can be 
identified, measured, and reported with a 99 percent confidence level that the analyzed concentration is 
greater than zero. 
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The method quantitation limit is defined as equivalent to a fixed multiple of the method detection limit or 
lowest standard as outlined in SW846. It should be recognized that detection and quantitation limits are 
sample matrix dependent and were elevated as a result of matrix interferences and/or dilution factors. 

Based on the review of the PARCC’S parameters, analytical data packages and data verifications 
performed, data is felt to be acceptable to meet the intended data quality objective as outlined in the 
Qualify Assurance Project Plan for Pilot Scale Operations at the Biofacdity (MK. 1997d). 

-, 
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7.0 
RESULTS AND DISCUSSION -CONTAMINATED SOIL TESTS 

7.1 DATA ANALYSIS AND EVALUATION 

Process parameters were measured and monitored as described in Section 4.1. Texture was also 
evaluated due to its influence on the process parameters and for aiding the review of the parameter 
monitoring results. 

7.1.1 Texture 

Texture of the compost material has significant influence on the process parameters, i.e.. moisture 
content, oxygen content, and temperature. If the final amendment and soil mix is too dense, bulking of the 
material does not occur and oxygen levels may be too low to sustain high bacteria growth, which results in 
lower temperatures and lowered explosive degradation rates. If the final mix is extremely high in bulking 
agents, such as straw, wood chips, or alfalfa, the mix may be stringy or clumpy. Thorough mixing of the 
recipe does not occur and results in a nonhomogeneous mass that may be difficult to sample. Non- 
homogeneity may reduce degradation of explosives because optimum conditions for the moisture and 
nutrients may not be available for microbial growth. To allow comparison between the various mixes, the 
following categories of texture were used to classify and grade each mix at the initiation, mid-cycle, and 
end of cycle conditions. 

Of particular importance is the texture of the pile in the first 1 to 2 weeks, when microbial populations are 
undergoing rapid growth. An open, porous structure during this stage helps assure that growth is not 
oxygen or moisture limited. 

The straw content of Mixes 7A and 78 provided a more porous structure than in the other mixes during the 
first 7 to 10 days, which is reflected in oxygen measurements discussed in Section 7.1.5. After the first 1 
to 2 weeks, all mixes became progressively more dense due to degradation and turning, and no significant 
textural differences were noted. 

7.12 Temperature 

Temperature is the primary indicator of successful thermophilic composting. The normal thermal operating 
range for composting is 25 to 65°C. Previous studies of explosives-contaminated soil composting indicate 
that average temperature should rise to 25 to 40°C within the first few days of formation, continue rising to 
within the temperature range of 40 to 65°C and maintain that range for at least 2 weeks, provided 
adequate moisture, nutrients, and oxygen are available. The process goal was to maintain the average 
windrow temperature near 55’C. Temperature decrease over time below 50°C is viewed as an indicator 
of a pile that is nearing the end of its operation (Weston, 1993). Temperature measurements were 
recorded before and after each windrow turning. Pre-turn temperatures are more useful for evaluation and 
comparison because they represent heat development over time. “Average” temperature is defined as the 
average of the 24 monitoring locations in each windrow. Figure 7-1 shows average pre-turn temperature 
versus time for all mixes. Temperature development for each mix is described below. Complete individual 
temperature profiles are included in Appendix J, and include post-turn measurements. 

In summary, Mixes 7A and 78 heated more rapidly and peaked at higher temperatures. Mix 78 maintained 
temperatures greater than 55°C for 25 days, while Mix 7A decreased more rapidly, maintaining 
temperatures above 55°C for only 13 days. Mix 3 also heated rapidly, but the temperature dropped 
relatively quickly, similar to Mix 7A. Mix 4 and Mix 8 heated more slowly, but remained above 55°C for a 
relatively long period--23 and 27 days, respectively. 
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7.1.2.1 Mix 1 Temoerature 

Because the creation of the Mix 1 windrow was delayed due to availability of the POTW sludge, ambient 
temperatures were approximately 10°C lower than when the other windrows were created. It took 10 days 
for average pre-turn temperatures to reach 4O”C, which was considerably slower than the other mixes, 
even considering the difference in ambient temperatures. This is illustrated by comparing the slopes of 
temperature increase shown in Figure 7-1. 

Average pre-turn temperature increased to a maximum of 43°C by day 20. after which the temperature 
declined. Mix 1 never reached the thermophilic temperature range. 

7.1.2.2 Mix 3 Temoerature 

Average pre-turn temperatures of Mix 3 increased to approximately 40°C within 2 days, and 
approximately 50°C within 3 days. Average pre-turn temperatures continued to increase to about 65-C in 
10 days, and then began to decline more slowly. Average temperatures reached approximately 40°C by 
day 30, and continued to decline to 23°C on day 40. Mix 3 maintained temperatures of 55°C or higher for 
13 days. 

7.1.2.3 Mix 4 Temoerature 

Average pre-turn temperature of Mix 4 increased to approximately 40°C within 2 days, and approximately 
50°C within 10 days. Average pre-turn temperatures continued to increase to 64°C by day 22, and then 
began to decline. Average temperatures reached approximately 60°C by day 30. and continued to decline 
to 50°C on day 40. Mix 4 maintained temperatures of 55°C or higher for 23 days. 

- 
7.1.2.4 Mix 5 TemDerature 

Average pre-turn temperature of Mix 5 increased to approximately 40°C within 2 days, and apprpximately 
50°C within 9 days. Average pre-turn temperatures continued to increase to about 56°C in 14 days, and 
then began to decline slowly. Average temperatures reached approximately 49°C by day 30, and 
continued to decline to 38°C on day 40. Mix 5 maintained temperatures of 55°C or higher for 12 days. 

7.1.2.5 Mix 7A TfYmeratUre 

Average pre-turn temperature of Mix 7A increased to almost 40°C within the same day as it was created, 
and quickly reached 57°C within 2 days. Average pre-turn temperatures continued to increase to 65°C in 
11 days, and then began to decline. Average temperatures reached approximately 39°C by day 30. and 
continued to decline to 24°C on day 40. Mix 7A maintained temperatures of 55°C or higher for 13 days. 

7.1.2.6 Mix 78 TemDeratUre 

Average pre-turn temperature of Mix 78 increased to almost 40°C within the same day as it was created, 
and quickly reached 56°C. within 2 days. Average pre-turn temperatures continued to increase to 72°C in 
10 days, and then began to decline. Average temperatures reached approximately 47°C by day 30. and 
continued to decline to 31 “C on day 40. Mix 7a maintained temperatures of 55°C or higher for 25 days. 

7.1.2.7 Mix 8 Temoerature 

Average pre-turn temperature of Mix 8 increased to over 40°C within 1 day, and reached 50°C within 6 
days. Average pre-turn temperatures continued to increase to 65°C in 12 days, and then began to decline. 
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Average temperatures reached approximately 58°C by day 30, and continued to decline to 48°C on day 
40. Mix 8 maintained temperatures of 55’C or higher for 27 days. 

7.1.3 Moisture Capacity 

Microbial biodegradation is most efficient at moisture contents of 40 to 60 percent maximum WHC, with 50 
percent WHC considered optimum. Reduced moisture content may inhibit microbial movement and 
nutrient availability. while excessive moisture content will fill void spaces, reducing aeration and oxygen 
levels and retarding aerobic microbial growth. Moisture level monitoring was performed three times per 
week. Moisture levels were rechecked afler windrow turning if moisture has added. A maximum of 300 
gallons per day were added. 

Average WHC data and figures for individual mixes are provided in Appendix K, which also includes plots 
showing moisture added for individual windrows. The moisture content of all mixes was generally 
maintained at 40 to 60 percent maximum WHC, with the exception of Mix 1. Mix 1 remained between 60 
and 80 percent for the first 20 days because of the high moisture content of the POTW sludge. 

7.1.4 Oxygen Levels 

Oxygen levels of up to ambient atmospheric, or about 20 percent, are preferred in a compost windrow, 
and 5 percent is considered the minimum for rapid compost degradation. Oxygen levels below 1 percent 
indicate anaerobic conditions. If sufficient oxygen levels are not maintained, aerobic microbial degradation 
is retarded, thermophilic temperatures may not be maintained, and putrefaction of organic matter may 
occur. However, anaerobic conditions exist in a compost windrow throughout most of each day, and 
depending on the density of the compost, aerobic conditions occur only for 1 to 2 hours following turning, 
as described below. 

The oxygen available to microbes in a windrow is the result of aeration by turning; oxygen diffusion from 
the atmosphere into the windrow is negligible (Biocycle, 1991) Therefore oxygen availability is a function 
of the air-filled pore volume, which is in turn a function of porosity and moisture content. As compost is 
turned and degrades, the porosity is reduced, which in turn reduces available oxygen. Similarly, increasing 
the moisture content also reduces available oxygen. 

For example, consider a compost with a dry density of 1,000 lbs/yd3 or 0.6 g/cm3. At 50 percent porosity 
and 50 percent maximum WHC, each cm3 of compost contains 0.25 cm” of air (0.5 cm” x 0.5). Because 
air is about 21 percent oxygen, which has a density of 1.43 mg/cm’, each cm3 of compost contains 
0.075 mg oxygen (0.25 cm” x 0.21 x 1.43 mglcm’) and 0.6 grams of solids. Therefore, about 0.13 mg 
oxygen are available for each gram of solids (0.075 mg10.6 9). 

Literature values of oxygen consumption rates from municipal waste composting operations vary over a 
wide range, from 1.0 mg/g-hr to 14 mg/g-hr (Biocycle, 1991). From the example above, which indicates 
that only about 0.13 mg oxygen is available for each gram of solids, it should be expected that oxygen 
levels are rapidly depleted, and that anaerobic conditions exist through at least part of each day. This is 
supported by data from the Vmatilla windrows where oxygen was measured every minute for one hour 
following turning (Weston, 1993). Oxygen levels were observed to decrease to 5 percent in 10 to 30 
minutes, and to 1 percent in 30 minutes to 1 hour. 

Furthermore, even under oxygen levels of 5 to 20 percent, anaerobic microsites exist throughout a 
compost windrow. As a result of the restricted oxygen diffusion through soil and organic matter particles, 
saturated aggregates and crumbs larger than a few mm will have no oxygen at their center (Paul and 
Clark, 1989). The presence of aerobic microbes can create localized anaerobic conditions as they 
consume oxygen (Paul and Clark, 1989, p.17). Microbiological counts of the compost were not performed 
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during this project. However, counts of aerobic, anaerobic, obligate anaerobic, and thermophilic bacteria 
were performed at Umatilla as part of the compost seeding studies (Weston, 1993). The results showed 
that total aerobic and total anaerobic bacteria counts were equivalent, and suggest that both anaerobic 
and aerobic bacteria play an important role in compost degradation. This is supported by the observation 
at Umatilla that unaerated windrows performed equal to or better than aerated windrows in terms of 
contaminant degradation. However, the data from windrows 7A and 78, discussed below, suggest that 
improved aeration results in more rapid contaminant degradation. 

Samples were collected as soon as possible following windrow turning, which was generally within 
15 minutes. The data shows considerable variation from day to day, which is partly the result of 
differences in sample collection times. The Umatilla data (Weston, 1993) shows that differences in post- 
turn sample collection times of 5 to 10 minutes can result in differences of almost 10 percent in oxygen 
measurements. 

Figure 7-2 shows pre-turn oxygen measurements for all mixes, which shows oxygen depletion 
approximately 24 hours after turning. Complete pre- and post-turn data for individual mixes is included in 
Appendix L. 

The oxygen level data reflects both the aeration of a pile, which is due to texture and the effects of turning, 
and the microbial activity of a pile. Oxygen levels were observed to decline rapidly during the 
contaminated soil tests, just as in the clean soil tests. 

Oxygen levels in Mixes 7A and 78 remained relatively high between pre- and post-turn measurements for 
approximately the first 10 days. Pre-turn measurements did not drop below 5 percent until after day 10. 
This indicates that the high straw contents of these mixes provided structure and pore space for effective 
aeration, and that sufficient oxygen was available to support aerobic degradation all day. All other mixes 
(except Mix 1) had post-turn oxygen levels of from ~1 percent to about 6 percent until about day 30. 

All mixes, with the exception of Mixes 1 and 4, showed generally increasing oxygen levels, both pre- and 
post-turn, after about day 30. This reflects the decline in microbial activity as the piles mature. 

7.1.5 pH Monitoring 

Samples for pH monitoring were collected at location 1 for each of the four cross-sections, once per week, 
prior to turning, as described in Section 4.1. pH was not adjusted during treatment. 

The pH in samples from Mixes 4, 5, and 8 decreased to approximately 5.5 for the first 1 to 2 weeks, then 
increased to the 7 to 9 range. The low pH was probably the result of organic acid generated by the 
degradation of potato waste in the mixes. Samples from the remaining mixes resulted in pHs from 7 to 9, 
which were within the acceptable range. pH monitoring data are included in Appendix M. 

7.1.6 Carbon and Nitrogen Monitoring 

Carbon and nitrogen are the primary nutrient sources for microbial growth. Typical municipal and yard 
waste composting operations are thought to be most efficient when the C:N ratio is near 3O:l. This may be 
partly a reflection of the elemental composition of microbial matter, which generally ranges between 6:l 
and 251 (Biocycle. 1991). However, carbon in excess of that incorporated in cellular matter is required, 
because a large fraction (up to %) of available carbon is converted to CO, through cellular respiration. 
This implies that the optimum C:N ratio is on the order of 161 to 75:l. The optimum C:N ratio for a given 
mix will also depend on the availability of the carbon and nitrogen. The carbon in wood byproducts, for 
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example, is less readily available than that in vegetable waste or manure. Additionally, the optimum 3011 iS 
based on municipal and yard waste composting, which is not entirely equivalent to bioremediation of soil 
by composting. 

Excess carbon may cause microbial growth to be nitrogen-limited, while excess nitrogen may result in the 
production of ammonia. While the C:N ratio is an important parameter controlling microbial growth, good 
growth can occur over a wide range of C:N ratios, and in many cases other factors such as moisture 
content or oxygen infiltration are limiting. 

TOC and TKN levels were monitored for the purpose of tracking the C:N ratio during composting. No 
relationship between C:N ratios and explosives degradation was found. The C:N ratio was not intended to 
be adjusted, and it was not. C:N data are provided in Appendix N. 

7.1.7 Ambient Temperature and Humidity Monitoring 

The ambient temperature and relative humidity were monitored daily. Average daily ambient temperatures 
ranged between 10” and 20°C for the first 30 days. Temperatures then began to fall, with average 
temperatures of 5” to 10°C from day 35 on. Average daily relative humidity varied from 70 to 95 percent. 
Ambient temperature and humidity monitoring results are included in Appendix 0. 

7.1.9 Metals 

Samples were collected from the MFA soil before the soil was mixed with amendments and were analyzed 
for total metals. The metals content was confirmed to be below RCRA levels for the Soils Bioremediation 
Facility; therefore, futher metals analysis was not required. 

7.1.9 Explosives Degradation 

Explosives degradation for each mix is described in the following sections. The explosives data evaluation 
considers that much of the analytical results fell below method reporting limits (MRLs). Furthermore, the 
MRLs varied based on the sample dilution required to perform the analyses. Earlier samples containing 
higher contaminant levels required greater dilution, and consequently the MRLs were higher. Apparent 
trends based on reported MRLs are a reflection of variable (usually decreasing) dilution factors, and are 
not otherwise meaningful. 

Nearly all 2ADNT and 4-ADNT results were below MRLs throughout the pilot test. However, MRLs for Z- 
ADNT and 4-ADNT were below PRGs after day 10 or 20. 

In most cases TNT and RDX fell below their MRLs after day 20 or 30. However, all MRLs for TNT, RDX, 
and HMX were below PRGs throughout the test. 

The data from most windrows also showed variation that indicated an occasional systematic bias. The 
explosives degradation versus time plots of Figures 7-3, 7-4, and 7-5 and Appendix P display an 
occasional sampling episode in which contaminant concentrations increase from the previous episode. 
For example, see Mix 7A days 30 and 40. Mix 78 day 60, and Mix 8 day 30. The increased concentrations 
are generally evident in all measured compounds, and in average (of 12 samples per pile) as well as peak 
values. Concentrations are noted to return to the same general decreasing trend at subsequent sampling 
episodes. The observation that the increase occurs in average values indicates that it is a pile-wide 
phenomenon rather than in isolated samples. 
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Figure 7-4 RDX Degradation 
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Figure 7-5 HMX Degradation 
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This variation is probably the result of the windrow turning procedure. The lower few inches of each pile is 
not normally turned by the Scarab windrow turner to avoid tearing into the concrete floor of the Soils 
Bioremediation Facility. Consequently there is a thin bottom layer of compost that is not incorporated into 
the active managed pile. Occasionally, the Scarab may have dug into this unturned zone, bringing 
untreated compost containing higher contaminant levels into the rest of the pile. The data must be 
evaluated with this variation in mind. For example, day 30 results for all piles cannot necessarily be 
directly compared. 

All mixes reached remedial goals within 30 days (with the exception of Mix 1). There were notable 
differences between some mixes. Windrow 78 showed the most rapid initial degradation (in the first 5 to 
10 days). Wndrow 7A also showed rapid initial degradation, and was only incrementally slower than 78. 
Windrow 3 also showed rapid initial degradation, but that may in part result from lower initial contaminant 
concentrations. 

7.1.9.1 Mix 

Mix 1 was halted at 30 days due to poor performance. Remedial goals were exceeded for RDX and 2- 
ADNT and 4-ADNT at 30 days. Contaminant reduction at 20 days was 95 percent for TNT, 67 percent for 
RDX. and 26 percent for HMX. 

7.1.9.2 f&Q 

Both the TNT and RDX remedial goals were reached by day 10. The initial explosives concentrations of 
Mix 3 were significantly lower than all other mixes except mix 1, with concentrations as low as 
approximately l/10 that of the more contaminated mixes. However, the high percentage reduction of 
contaminants indicates that Mix 3 is an effective degrader. Day 20 data appeared anomalous as explained 
in Section 7.16 above. Contaminant reduction at 10 days was 96 percent for TNT, 99 percent for RDX, 
and 94 percent for HMX. 

7.1.9.3 Mix 

The TNT remedial goal was reached by day 10 and the RDX remedial goal was reached by day 30. 
Contaminant reduction at 20 days was 97 percent for TNT, 95 percent for RDX, and 66 percent for HMX. 

7.1.9.4 Mix 

Both the TNT and RDX remedial goals were reached by day 20. Contaminant reduction at 20 days was 98 
percent for TNT, 99 percent for RDX, and 92 percent for HMX. 

7.1.9.5 Mix 

The TNT remedial goal was reached by day 5 and the RDX remedial goal was reached by day 20. 
Contaminant reduction at 20 days was 99 percent for TNT, RDX, and HMX. 

7.1.9.6 Mix 

The TNT remedial goal was reached by day 5 and the RDX remedial goal was reached by day 10 
Contaminant reduction at 20 days was 99 percent for TNT, RDX. and HMX. 
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The TNT remedial goal was reached by day 10 and the RDX remedial goal was reached by day 30. 
Contaminant reduction at 20 days was 99 percent for TNT and RDX, and 97 percent for HMX. 

7.2 COMPARISON TO TEST OBJECTIVES 

As stated in Section 2.1, the overall objective is to determine which compost mix provides the optimum 
environment for microorganism growth and degradation of explosives in contaminated soil. Based upon 
the test results presented above, it is clear that although all mixes met the preliminary remedial goals. 
Mix 78 develops a favorable temperature profile more rapidly and degrades explosives more rapidly than 
the other mixes. It is significant that Mix 7A, which differs from 78 only in the relative proportions of 
chicken manure and straw, performed nearly as well. This is discussed further in Section 10, Summary 
and Recommendations. 

7.3 DATA QUALITY CONTROL SUMMARY 

Data quality for analytical data were evaluated through assessment of PARCCs. Analytical quality 
assurance objectives were established to ensure the quality of the analytical data produced by the 
contract laboratory 

Precision is the degree to which the measurement is reproducible. This was determined by comparison of 
sample duplicates, LCS/LCSD, or designated sample MS/MSD. Precision was calculated as the RPD 
between these duplicates according to the procedures. 

Accuracy was expressed as the percent recovery of a compound from a sample spiked with known - 
concentrations of target compounds for each analytical method. Determining the accuracy of a 
measurement requires a knowledge of the true or accepted value for the parameter being measured and 
the value of the parameter for the unspiked sample. 

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. Data were considered 
representative if the sampling was in accordance with the sampling programs outlined in the Quality 
Assurance Project P/an for Pilot Scale Operations at the Biofacility (MK, 1997d). Field duplicate samples 
and rinse blanks were collected and analyzed to assess field representativeness. Trip blanks also were 
included with each sample shipment and were analyzed for volatile organics to evaluate potential cross- 
contamination during transport and storage, which may impact data representativeness. 

Completeness is a measure of the amount of valid data obtained from an analytical data set compared 
with the amount that would be expected to be obtained under normal sampling and analytical conditions. 
Completeness is based on only those samples collected and submitted for laboratory analysis 90 percent 
was established for this project. 

Comparability expresses the confidence with which one data set can be compared to another. Samples 
from the same media (i.e., soil, water) were considered comparable if the procedures for collecting and 
analyzing the samples are complied with and consistent. 

Comparability was assured through the use of established and approved analytical methods and 
protocols. The laboratory’s QC program was designed to establish consistency in the performance of the 
analytical process. The program includes traceability of measurements to standardized reference 
materials to establish comparability with other laboratory results, and internal controls to verify consistency 
of the contract laboratory’s performance. - 
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Laboratory QC samples were analyzed to evaluate the PARCC parameters. The laboratory samples 
included, where appropriate, method blanks, laboratory MS/MSDs, sample duplicates, etc. Analyses of the 
laboratory QC samples were run concurrently with the analytical batch to which the samples were 
assigned. As an additional QC check for method SW8330, surrogates were are added to each sample 
(including QC samples) and analyzed in an analytical batch. 

The laboratory method blanks were carried through each step of the analytical method to examine the 
potential for cross-contamination. A method blank consists of organic-free deionized water or sterile soil 
(or equivalent). All laboratory method blanks were acceptable, based upon the project data quality 
objectives. Total cadmium was detected in one method blank at 0.40 mg/kg, chromium was detected in 
one TCLP blank at 6.74 pg/L, and mercury was detected in two TCLP blanks at 2.97 pg/L and 0.24 pg/L. 
Positive blank results may indicate possible false positive results in associated samples in which results 
are less than five times the levels found in the blanks. One TCLP blank exhibited a negative result (-0.20 
pg/L) for mercury and one TCLP blank exhibited a negative result for lead (-4.76 pg/L). Negative blank 
results may indicate possible false negative results in associated samples. 

The laboratory-designated matrix spikes are samples spiked with known concentrations of target analytes. 
These samples were taken through the entire analytical procedure and the recovery of the analytes 
calculated. The laboratory matrix spike was used to evaluate the accuracy of the method for different 
matrices. The two spiked aliquots (MSIMSD) were processed separately and the results compared to 
evaluate the effects of the matrix on the precision of the method. Results are expressed as the RPD 
between the percent recovery for duplicate spiked samples analyzed. 

Precision was acceptable for most of the analytical batches. A number of MSlMSD pairs exhibited 
elevated RPD’s for 3NT, 4-NT, HMX. RDX, TNT, and Tetryl. These elevated RPD’s are likely attributed to 
the sample matrix and relative spiking concentrations to the concentration in the corresponding samples, 
The LCSlLCSD pairs exhibited acceptable RPD’s except Tetryl in a few batches 

Accuracy was acceptable for most sample analytical batches based on the data quality requirements. 
MSlMSD percent recoveries showed some variation. Variations in MSlMSD accuracy were likely due to 
sample matrix and the relative spiking levels as compared to the concentrations found in the 
corresponding samples. 

Laboratory duplicates are a second measured aliquot taken by the laboratory which is taken through the 
entire analytical procedure. The analytical results are used to evaluate the precision of the method for a 
specific matrix. Two duplicate pairs exhibited elevated RPDs for total lead and one duplicate pair exhibited 
an elevated RPD for TCLP chromium. 

Surrogates were added to each environmental sample and QC sample in analytical batches for method 
SW8330. Surrogates are known concentrations of target analytes spiked into each QC sample and 
environmental samples which are taken through the entire analytical procedure and the recovery of the 
analytes calculated. The surrogate spikes were used to evaluate the accuracy of the method for different 
matrices. Results of surrogate analysis are expressed in percent recoveiy and used to evaluate the 
accuracy of method. Seven samples (including and LCS and LCSD) exhibited elevated percent recoveries 
for the surrogate 3,4-DNT, indicating a possible high bias in associated detected analytes. Nine samples 
(including two matrix spikes) exhibited low percent recoveries for the surrogate 3,4-DNT. indicating a 
possible low bias in associated samples. 

Reporting limits were based on method detection limits for inorganics and method quantitation limits for 
organics. The method detection limit is defined as minimum concentration of a substance that can be 
identified, measured, and reported with a 99 percent confidence level that the analyte concentration is 
greater than zero. The method quantitation limit is defined as equivalent to a fixed multiple of the method 
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detection limit or lowest standard as outlined in SW846. It should be recognized that detection and 
quantitation limits are sample matrix dependent and were elevated as a result of matrix interferences 
and/or dilution factors. Overall assessment is that the data obtained has met the data quality objectives 
for the program. Data not meeting aceptable criteria have been flagged appropriately. 
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$4,000,000-$5000,000 annually 

TABLE 8-1 
MIX COST AND AVAILABILITY 

Mix Dollars 
per ton* 

Availability 

1 $12.66 Readily available, with the possible 
exception of POTW sludge 

8.0 
COST AND TIME REQUIREMENTS 

Table 8-l presents cost estimates for the amendment mixes used in the contaminated soil tests. The best 
performing mixes, 7A and 78. are also the least expensive. 

Total cost estimates for full-scale treatment are not included here because the final operational 
procedures and schedule have not yet been finalized. However, cost estimates including all labor, 
equipment, and materials have been developed for several different operational scenarios. Costs will vary 
significantly depending on windrow volumes, cycle time, and soil loading. In general. based on a total of 
110,000 cubic yards treated over approximately 10 years; total costs are anticipated to be on the order of 

I 

II 3 I $16.60 I Usually available 

II 4 I $24.49 I Usually available 

5 $22.36 

7A $7.17 

Usually available 

Readily available 

11 78 1 $8.94 I Readily available 

11 8 1 $17.53 I Readilv available 

based on delivered rates and known rate increases at the time 
of this reoort 
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9.0 
SAFETY AND INDUSTRIAL HYGIENE SAMPLING AND MONITORING SUMMARY 

During pilot-scale operations there were no accidents or incidents and no Occupational Safety and Health 
Administration (OSHA) recordables. There were two minor first aid cases. Where applicable, all entries on 
the Site Safety and Health Plan (SSHP) Weekly inspection Reports were rated satisfactory for the 
duration of the project as completed by the safety and health supervisor. The project was staffed with a 
full-time safety and health supervisor. 

Human health risks associated with bioremediation by aerobic windrow composting of soils contaminated 
with nitroaromatic and nitroamine explosive residues have not been significantly investigated and 
characterized in the industry. Only three facilities in the United States that have used or are using this 
technology have been identified. Time-integrated industrial hygiene (IH) air sampling was conducted to 
evaluate biological and chemical agents during contaminated soil excavation, screening, and composting 
operations. IH monitoring was used to evaluate total dust, heat stress, and noise exposures. 

A copy of the summary report for IH monitoring and sampling is included Appendix Q of this report. The 
following paragraphs summarize the IH monitoring activities and sampling results. 

_. 

Bioaerosol samples were obtained inside the compost building and duplicated outside for background 
levels. Samples were collected using an Andersen Z-Stage lmpactor based on guidelines found in the 
American Industrial Hygiene Association (AIHA) me/d Guide for the Determination of Biological 
Contaminants in Environmental Samples. Six sample sets were obtained for bacteria using Standard 
Methods Agar (SMA) and six for fungi (molds and yeast) using acidified Potato Dextrose Agar (PDA). The 
SMA is a non-selective, general-purpose agar suitable for both bacteria and fungi (molds and yeast). The 
acidified PDA is selective agar for fungi (molds and yeast) using pH to inhibit bacteria growth. Analysis for 
total plate count was completed using a Quebec colony counter. Bacterial pathogen isolations were 
performed on the SMA plates for 22 species. 

The results of the data analysis indicate that the total concentration of microbes on the SMA plates inside 
the compost building, expressed in units of colony forming units per cubic meter of air (cfu/m3), was 
significantly greater than the total concentration outside the compost building. The outside total 
concentration median value was calculated as 120 cfu/m3, and the inside concentration was calculated as 
1,185 cfulm3. 

The opposite result occurred on the acidified PDA plates. The total concentration on these plates inside 
the compost building was less than the total concentration outside the compost building. The outside total 
concentration median value was calculated as 1,090 cfu/m3; the inside concentration was calculated as 
785 cfu/m”. The inside concentration median value was approximately 38 percent less than the outside. 
The reason for this occurrence is not fully understood at this time. However, it is speculated that, because 
of the large quantity of manure used in the compost pile, the bacterial species present in the structure may 
have been competing with the fungi. This would have resulted in a decrease in the total number of viable 
airborne fungi colonies that could be cultured on the acidified PDA plates. 

No bacteria of any significance was detected on the SMA plates. All bacterial pathogen isolation results 
were negative. No Asperg;//us species were detected on the PDA plates. The predominant species 
detected on all sample plates were Penicillium. Alfemaria, and Cladosporium. These species are all molds 
normally found in the atmosphere and are classified as normally mild or non-pathogenic fungi. The 
bioaerosol concentrations obtained were well below suggested recommended occupational exposure 
limits of 10,000 cfu/m’ in total and 500 cfu/m’ for each specific group of organisms or species of a 

- potentially pathogenic nature. 
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Split-shift personal (= 4-hour duration) and area air samples for explosives were obtained at the 
excavation site and inside of the compost building. The air samples were collected on XAD-2 OSHA 
Versatile Sampler (OVS) sampling tubes based on a modified OSHA Method 44 and analyzed using high- 
pressure liquid chromatography (HPLC). based on EPA Method 8330. Each sampling tube was analyzed 
for 14 different analytes. A total of nine personal and nine area samples were obtained. All samples had 
results for all analytes less than the detection limit of 0.05 milligrams per cubic meter (mg/m3) and 
therefore significantly below any required or recommended occupational exposure limits. The American 
Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Value Time Weighted 
Average (TLV-TWA) for 2,4,6-TNT is 0.5 mg/m3, the Permissible Exposure Limit (PEL) is 1.5 mg/m’. The 
lowest exposure limit for the 14 analytes is 0.15 mg/m3, representing DNT. Based on the sampling results, 
there was no indication that the thermophilic heat of reaction associated with the compost piles (45 to 
65°C with an average of 55°C) caused any of the explosive contaminants, including the major 
transformation products of TNT, to vaporize and pose an additional occupational health hazard inside of 
the compost building. The sampling results for TNT and RDX were low, and similar to those obtained 
during the Umatilla project. 

Split-shift personal and area air samples for metals were obtained at the excavation site and inside of the 
composting building. The air samples were collected on an 0.8-micrometer (pm) cellulose ester membrane 
(MCE) filter, with support pad, with a 3-piece 37-mm clear styrene acrylonitrile (SAN) cassette based on 
OSHA Method ID-125 and analyzed using Graphite Furnace based on National Institute of Occupational 
Safety and Health (NIOSH) Method 7300. Each sampling cassette was analyzed for 21 elements. Two 
personal and two area samples were obtained. All metal sample concentrations were reported as below 
the detection limit, with the exception of one area sample from the excavation site that had a reported an 
aluminum concentration of 0.019 mg/m3. The OSHA PEL for aluminum metal as a dust is 15 mg/m3. and 
the detection limit for aluminum was 0.014 mg/m3. Therefore, all concentrations were significantly below 
any required or recommended occupational exposure limit. 

Area samples for organics were obtained inside of the compost building. The air samples were collected 
on solid sorbent tubes, coconut shell charcoal, 100 mg/50 mg and analyzed based on the following 
NIOSH Methods: 

(1) NIOSH 1500 for hydrocarbons 

(2) NIOSH 1501 for aromatic hydrocarbons 

(3) NIOSH 1003 for halogenated hydrocarbons 

The number of samples totaled six, two for each NIOSH Method. On the same day, six control samples 
were obtained outside of the building adjacent to the exclusion zone perimeter on north side. All NIOSH 
1500 analysis results were below the detection limit for all analytes in all samples, including the field 
sample blanks and, therefore, were significantly below any recommended or required occupational 
exposure limits. This was the same result reported for the NIOSH 1501 and 1003 analyses. 

During soil excavation and screening, personnel wore Modified Level D personal protective equipment 
(PPE), with the addition of a 3M 8710 dust/mist maintenance-free disposable respirator (disposable dust 
mask). The 3M respirator is NIOSH approved (TC-ZIG-132) for dusts and mists (including coal, flour, and 
free silica) having a TWA of not less than 0.05 mg/m3. Clothing and protective gear included dedicated 
coveralls, 16-inch polyvinyl chloride boots, standard TyvekQ safety glasses, and double nitrile gloves. 

There was no visible dust generated during excavation and screening. The fact that the ground was moist 
from the previous day’s rain may have contributed to the absence of visible dust. A direct-reading 
dust/aerosol monitor was used to monitor total dust at three locations around the screener. The results 
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were 0.3 mg/m’ at the discharge, 0.28 mglm’ at the reject conveyer, and 0.28 mg/m3 at the operators 
station. 

During composting operations, personnel wore the same level of PPE used during excavation and 
screening. Employees were provided with work coveralls that were changed daily. Employees were also 
required to shower at the end of each shift using the shower facilities at the personnel decontamination 
facility at the work site. The PPE selection and hygiene procedures were consistent with those 
recommended in the literature for operational compost facilities. 

Full-face air purifying respirators (APRs) with high-efficiency particulate air (HEPA) and ammonia 
cartridges were necessary for the first 3 to 5 days when working around compost piles that contained 
chicken and turkey manure at greater than 15 percent by volume, because of the ammonia off-gassing 
(described below). During composting operations, when the windrows were turned, the inside total dust 
levels averaged below 1.0 mg/m” using a direct-reading instrument. The maximum total dust reading was 
1.2 mg/m3. This can be attributed to the 40 to 60 percent moisture content of the compost piles. These 
results are similar to those obtained at the Umatilla project. At the Bangor Submarine Base, noticeable 
ammonia odors were experienced, but the concentrations measured were below occupational exposure 
limits. Dust concentrations were measured and were well below any occupational exposure limits. 

On September 8. 1997. amendments were mixed inside of the compost building prior to the addition of 
contaminated soil. Concentrations of approximately 10 mg/m’were measured during two 2-minute time 
intervals using a direct-reading instrument. The OSHA PEL for particulates not otherwise regulated 
(PNOR) is 15 mg/m3 for total dust. The ACGIH TLV-TWA for particulates not otherwise classified (PNOC) 
is 10 mg/m3 for the inhalable fraction. Based on the results of the instantaneous measurements of dust 
concentrations and task durations, if time-integrated total dust samples were taken for full-shift or split- 
shift, the most likely result would be concentrations below the PEL and TLV-TWA. 

During amendment handling and mixing of compost piles, it was observed that excessive ammonia (NH,) 
was being generated by the chicken and turkey manure. Measurements of ammonia concentrations using 
calorimetric indicator tubes indicated localized ammonia concentrations as high as 150 ppm. The PEL is 
50 ppm, and the ACGIH TLV-TWA is 25 ppm. Respiratory protection was upgraded to half-mask APR with 
NH,/HEPA cartridges. However, the ammonia gas was causing excessive tearing of the eyes. The 
respirator protection was subsequently upgraded to full-face APR with NH,/HEPA cartridges. After 3 to 
5 days, ammonia levels dropped below the PEL. then slowly dropped to 1 to 10 ppm and were nondetect 
by the end of the compost cycle (30 days). This pattern was similar in both the clean soil and 
contaminated soil testing. 

Acetic acid was detected in the potato waste amendment pile using calorimetric indicator tubes. The 
concentration measured approximately 5 ppm during digging of the pile and once after turning the pile 
The OSHA PEL is 50 ppm, and the ACGIH TLV-TWA is 10 ppm. 

During the clean soil testing, calorimetric indicator tubes were used to spot check for other constituents. 
Carbon dioxide concentrations were equivalent to normal atmospheric levels. No detectable levels of 
formaldehyde, benzene, acetone, petroleum distillates, toluene. dichloromethane. nitrogen dioxide, nitrous 
fumes, hydrogen sulfide, carbon monoxide, or vinyl chloride were measured. 

On July 9, 1997, during clean soil testing, the Industrial Scientific multi-gas instrument was used to 
measure concentrations of combustible vapor, oxygen, hydrogen sulfide, and carbon monoxide around 
each compost pile in Building 3. Oxygen measured 20.8 percent by volume. The instrument read 
nondetect for percent LEL, carbon monoxide, and hydrogen sulfide. At the same time and location, a PID 
was used to measure total volatile organic hydrocarbon. The concentrations ranged from IO ppm to 
14 ppm. 
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In comparing to the Umatilla project, no hydrogen sulfide was detected, the same as NSWC Crane. 
Umatilla experienced two excursions above the TLV for carbon monoxide, but this was the result of the 
use of gasoline-powered equipment inside of the structure. At Umatilla, the buildings were enclosed and 
equipped with mechanical ventilation providing approximately six air changes per hour. At NSWC Crane, 
the buildings are open at the ends and have no ventilation systems. Umatilla experienced no combustible 
gas alarms and no nitrogen dioxide alarms. The average reading for ammonia at Umatilla was 5 to 10 ppm 
and usually listed at 8 ppm. At NSWC Crane, the ammonia levels experienced were much higher during 
the first few days of composting, as described above. 

Initial physiological monitoring for heat stress at the end of June and early July 1997 indicated a week to 
10 days was necessary for worker acclimatization using PPE. Certain personnel responded differently to 
the same heat loading. Prior to PPE downgrades, significant heat stress was indicated by worker pulse 
rates and ear canal temperatures along with heat disorder physiological symptoms. After PPE 
downgrades and acclimatization, minimal heat stress was indicated. In addition to PPE downgrades, the 
use of ice vests became mandatory when ambient temperature was above 90” F or when an excessive 
work load was anticipated. 

Basic sound-level monitoring was performed during all work activities. In general, all equipment during 
operation required personnel in the vicinity to use hearing protection devices, based on sound levels 
exceeding 85 dBA within 15 foot radius of equipment. Operators of “cab enclosed” equipment did not 
require hearing protection. All measured sound levels were below 85 dBA at distances greater than 
15 feet, with the exception of near the windrow turning machine (Scarab). Noise dosimetry for the Scarab 
operator indicated a measured TWA of 73.2 dBA and 64.5 dBA. For the environmental technician, the 
TWA was 72.7 dBA. 

On October 14. 1997, nine wipe samples were obtained for explosive residue analysis. All sample results 
for all analytes were reported as less than 1.0 microgram (ug) per wipe, which indicated that surfaces 
were clean. The surfaces sampled included the shower trailer (three locations), lunchroom, laboratory 
(four locations), and health and safety office. 
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10.0 
CONCLUSIONS AND RECOMMENDATIONS 

Mix 7B provides the best environment for the remediation of explosives-contaminated soil of all mixes that 
were pilot tested. Mix 7A, which differs from 78 only in that it contains 3.5 percent chicken manure and 
71.5 percent straw, instead of 15 percent chicken manure and 60 percent straw, met all preliminary 
remedial goals and performed nearly as well as 78. The amendment cost for 7A is $1.77 per cubic yard 
(or 20 percent) less than 78. Operations costs are expected to be equal for the two mixes. 

All pilot tests were performed with 25 percent contaminated soil and 75 percent amendments. The 
observations presented here indicate that bioremediation by composting is a robust process, and is 
relatively insensitive to small changes in amendment recipes. The comparison between Mixes 7A and 7B 
illustrates this. There were no observations or indications that the process is not capable of handling 
greater soil loads. This could potentially greatly reduce the time and costs for full-scale remediation. 
Consider, for example, a total of 110,000 cubic yards of contaminated soil, treated by three windrows of 
500 cubic yards each and operating simultaneously in 30-day cycles. At 25 percent soil loading, this will 
require 10.25 years. At 30 percent soil loading, 8.5 years are required, which is a savings of 1.75 years, or 
17 percent. Operational costs are expected to be on the order of 10 times the amendment costs. 
Therefore, savings in operational costs have greater potential for overall cost benefits than modifications 
to the mix. 

Mix 78 is recommended for full-scale treatment. Increasing soil loading to 30 percent with the second full- 
scale treatment cycle is also recommended, subject to evaluation and approval of the 20-day data from 
the first cycle. Further increases in soil loading should be considered following evaluating 3 to 6 months of 
treatment at 30 percent soil loading. Although there are also potential cost savings from using Mix 7A. 
greater savings are possible by increasing soil loading. Mix 7B is recommended because its better 
performance suggests that it is more capable of handling increased soil loading. 
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Approval is requested for the following changes: 
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a. Replace Table of Contents for correction of page numbers. 
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6 a. Replace Cover page and Table of Contents IO includ 

A .= 
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3). Appendix D; 

do a. Add Table of Contents for SOPS 
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c. Replace page 1 of 1 in SOP 12.0 which revises section 2.1 to exclude bacteria enumeration of PAHs, VOAs, specific 
hydrocarbons and oil degraders. z-/~-wL~ c-/~s&‘. l~-,.y~~~- 

4). Appendix F; Replace cover page and Table of Contents which axrects page numbers. 
5). Appendix G; Replace “Windrow Process Data- Daily Log” “th attached for ease of field technician uage.@r&$J 
.6). Appendix H; Replace Cover page and Table of Contents wtuch corrects page numbers. 
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3ased on initial clean Soil testing OperatiOnS and results from the industrial hygeine aad safety monitoring, the following changes 
are requested to the Pilot Scale Site Safety and Health Plan: 

bchedmarked pages A-S, A-6, A-9, A-11. A-12, A-13, A-18, A-19, A-20, A-22. A-27, A-28? A-29, A-36, A-37, A-38, A-39, A- 
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I Attached marked pages: 
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8-2, 8-5. 8-7, 8-9, 9-l. 9-2, 11-l. 14-l. 14-2, 15.1. 15-2, and 15-3. 
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2). Appendix D Cd L 
SOPl.0; 6,7,8,9,10,11,12,13,and14of14. 

SOP 2.0; 4, 5, and 8 of 8. 

SOP 4.0; 2.3, and 4 of4. 

SOP 8.0; 1,3, and 4 of 4. 

3). Appendix G; Added “Laboratory Moisture Data Form” sheets I & 2. 

Initiated 
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Organization: Morrison Knudsen Date: 07/l 8197 

I Resolutioo: 
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6, I997 and the Pilot Scale Operational Plan Appendix D, SOPS, 

Problem / Change Description: 

Based on initial clean soil testing operations and results from the industrial hygeine and safety monitoring, the following changes are 
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Delivery Order No.: 4324-0009 1 Subcontract No.: 4324- ( FCR No.: 4324-0009-FCR-PS005 

Pilot Scale Operational Plan / Page 1 of 1 

Reference Documents: Pilot Scale Operational Plan, Rev. 5 dated June 6,1997 

Problem I Change Description: 

Approval is requested for the following changes: 

1). SOP 6.0, Transport And Loading Soil Into Windrows 
Marked pages 2 and 3 of 6. Changes include the option of stockpiling contaminated soil in a building at the Bioremediation 
Facility. 

2). SOP 2.0, Sample Collection For Off-site Laboratory Analysis 
Marked pages I, 3.4, 5,6.7, and 8 of 8. Changes include the addition of the Wiley Mill and sample splitter. 

3). SO~Pw& endment Proportioning And Mixing;; add the following statement to Section 5.0; 
endment mixtures will normally be generated within the same work day tha the soil addition is performed,,~ 

1 however, the amendment mixtures may be generated no more than two days in advance of the soil addition.” 

Organization: Morrison Knudsen 

Resolution: 
Y 

If this FCR affects a subcontract, indicate CID number: N/A 
Approval by S 
ROICCiTWR 

I u-/m or RPM 
dditional Reviews: By/Dat& ” / ’ 

Approval Signature: 

A:FCRPSOO 1 .DOC 



v ORIGINAL I / 
NAVFAC Southern Division/ 

I 

District II RAC 

Morrison Knudsen Corporation 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order No.: 4324-0009 1 Subcontract No.: 4324- ! FCR No.: 4324-0009-FCR-PS006 

Pilot Scale Operational Plan 1 Page I of I 

Reference Documents: Pilot Scale Operational Plan. Rev. 5 dated June 6.1997, Appendix F and Pilot Scale 
QAPP, Rev 5. dated June 6,1997 

Problem I Change Description: 

Approval is requested for the following changes: 

I.) Appendix F, Supplement to QAPP 
Marked pages F-6, F-7, F-9, F-l I, and F- I3 

2). Pilot Scale QAPP 
Marked pages Section I, pag 15 of 34: Section 4. pages 1, 5. 6, 8. I I, X.24.27, and 32 of 34; Section 6, page I of 4; 
Section 7, page I of 4. Section 13. Page I of 3: and Appendix A, pager 2 and 3 of Table A- I. 

Initiated 

by 

Morrison Knudsen Date: 07/30/97 

ksolution: 
/ 

f this FCR affects B subcontract, indicate CID number: _ 
Atx~roval 1 Sienature: n ./ Date: 

7&7., 
Date: 

7/50/i 7 

Date: 

// n n 

Additional Rev(ews: Bw’Date 

‘97 

A:FCRPSOOl .DOC 



ORIGINAL 
NAVFAC Southern Division/ 

Morrison Knudsen Corporation 

District II RAC 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order No.: 4324-0009 / Subcontract No.: 4324- NA / FCR No.: 4324-0009-FCR-PS007 

Pilot Scale Operational Plan, Site Safety and Health Plan 1 Page I of I 

Reference Documents: Pilot Scale Operational Plan Appendix A; Site Safety and Health Plan. Rev. 5 dated June 

6.1997 

Problem I Change Description: 

Approval is requested for the following changes: 

1). Delete “Draft Hazard Analysis Report for Soils Bioremediation Process Equipment” dated May 16, 1997 and replace with 

Final repon dated July 7, 1997. 

2). Add letter # 4324-563 from Dave Beall of MK to Ms. Chris Freeman of NSWC EPD dated July 17, 1997: Explosives Hazard 

Analysis Report : Recommendations. 

3). Add “Hazard Review Of Wiley Mill” dated May 1990, by T. A. Grace of Hercules Incorporated, 

Organization: Morrison Knudsen Date: 07/30/97 

i 
” 

Resolution: / 

A&oval 

bya 
- REG SPT. 

Regulator ApprovalMotitication R/ecom&nded: _. 

Yes 0 No CI 

A:FCRPSOOl .DOC 
1’ 



NAVFAC Southern Divisioni District II RAC 
-~ Morrison Knudsen Corporation 

FIELD CLARIFICATION REQUEST (FCR) 

f, nRIG\NAL 

Delivery Order No.: 4324-0009 ( Subcontract No.: 4324- NA j FCR No.: 4324-OOO9-FCR-PSOOS 
Pilot Scale Operational Plan. Site Safety and Health Plan / Page I of I 

Reference Documents: Pilot Scale Operational Plan Rev. 5 dated June 6, 1997, Appendix D; SOPS 

Problem I Change Description: 

I Based on initial clean soil testing operations. the following changs are requested to the Field SOPS: 

SOP 3.0 pages 4, 5, and 6 of 6 
SOP 5.0 pages I, 2. and 4 of 4 

SOP 7.0 pages 2, 4, and &of 5. 

All lines affected are marked with an X in the margin. 

- 

1 Resolution: 

Organization: Morrison Knudsen Date: 07/31/97 

1 If this FCR affects a subcontract, indicate CID number: N/A 
Approval Signamre: Date: 

bv MXPE 4 
A ,/ 1 , , ( .4;;;2 ( Sifi? ,d /i’ /! 1 Date 

Approval Signature: 

-. wlator AppmvaLWotification Recommended: _. /_ /, 

A:FCRPSOOl.DOC 



- 

I. RIGINAI I 
-I NAVFAC Southern Division, District II RAC 

Morrison Knudsen Corporation 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order NO.: 4324-0009 ) Subcontract No.: 4324- NA ( FCR No.: 4324-0009-FCR-PS009 
Pilot Scale Operational Plan, Site Safety and Health Plan ( Page I of I 
Reference Documents: Pilot Scale Operational Plan Rev. 5 dated June 6,1997 and Pilot Scale QAPP Rev. 4 dated 

June 6,1997. 

Problem/Change Description: 

Based on initial clean soil testing operations, the following changes are requested: 

1). Pilot Scale QAPP: Reduce the quantity of sample jars required for laboratory analysis by combining certain samples. Modify 
Section 4, page 7 of 34 per attached marked up page. 

2). Pilot Scale Operarional Plan Append& F; Revise per atteched marked up pages F-8 & F-9. Revisions clarify duplicate 
frequency descrepaocy (5% vs I per 24) 

I All lines affected are marked with an X in the margin 

htiid ( Organization: Morrison Knudsen Date: 08/l l/97 

Resolution: 

A:FCRPSOOl.DOC 



..A + REINAl 
NAVFAC Southern Division/ 

Morrison Knudsen Corporation 

District II RAC 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order NO.: 4324-0009 1 Subcontract No.: 4324- NA 1 FCR No.: 4324-0009-FCR-PSOIO 

Pilot Scale Operational Plan. Site Safety and Health Plan j Page I of I 

Reference Documents: Pilot Scale Operational Plan Rev. 5 dated June 6,1997, Appendix E. 

Problem/Change Description: 

Based on initial clean soil testing operations, the following changes are requested: 

I). Pilot Scale Operational Plan Appendix E, Soil Excavation Plan; Modify Figure E-I per attached. 

Reduce the size of exclusion zone due to less quantity of soil required than originally anticipated. Relocate soil screener. 
comamianrion reduction zone, and truck loading area for improved operations. 

Organization: Morrison Knudsen Date: OS/l l/97 

1: <esolution: 
Y 

A:FCRPSOOl.DOC 



NAVFAC Southern Division/ Distric: II RAC 
!vlonison Knudsen Ccqxmt~on I 

FIELD CLARIFICATION REQUEST (FCR) 

>&very Order No.: 4324-0009 I Subcontract h’o.: 3324- NA I FCR So.: J324-0009-FCR-PSOI 1 

Pilot Scale Opetationnl Plan, Site Safety and Health Plan I Page 1 of I 

Reference Documents: Pilot Scale Operational Plan Rev. 5 dated .June 6, 1997. Appendix G. 

Problem/Change Description: 

3ased on ini:ial clean soil testing operarions. the iolloving chanscr UC requcnrd: 

1). Pi!ot Scale Operational Plan Appendix G,Opcrarional Forms. QC Checklia& and Logs; Revise QC Checklists SP-01. EX-02, 

BF-01, RB-01, WM.0 I, and DE-O I per anached marked pages. 

ncse chances arc being requested for dclerion of items not applicable 10 pilot scale operations. cdkorial changes. and dclelicn oi 

duplicate items. 

Lnalution: 

- 
Organizarion: ,klorrison Knudsen Date: 08/l 3197 

Approval Signawrc: 
bv MKPE . -1 

-‘- -.--‘/ 
“*. “,.““.. 

by MK 

PjM 
Aantoval Sidnature: 

A:FCRPSOOl .DOC 



NAVFAC Southern Division; District 11 RAC 
1 Morrison Knudsen Corporation I 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order No.: 4324-0009 / Subcontract No.: 4324- NA ( FCR No.: 4324-0009-FCR-PSOl2 

Pilot Scale Operational Plan. Site Safety and Health Plan / Page I of I 

Reference Documents: Pilot Scale Operational Plan Appendix A; Site Safety and Health Plan. Rev. 5 dated June 

6,1997 

Problem/Change Description: 

Based on initial clean soil testing operations and results from the industrial hygeine and safety monitoring, the following changes are 
requested to the Pilot Scale Site Safety and Health Plan : 

Attached marked pages: A-47, A-48, A-49, A-50, A-57, A-58, and A-67. These retlect changes in the Emerge& Response 
telephone extension number. 
All lines affected are marked with an X in the margia 

Initiated 

by 

Organization: Morrison Knudsen Date: 08/20/97 

r 

Lesolution: 

Legulator ApprovalMotification Recofiended: 

‘MI-J No d I 
i’ A:FCRF’SOOl.DOC 



Morrison Knudsen Corporation 
1 

1 NAVFAC Southern Division/ I District II UC 

FIELD CLARIFICATION REQUEST (FCR) 

kdivery Order No.: Subcontract No.: 
4324-0009 4324-049 

?ilot Scale Operational Plan 

Zeference Documents: Pilot Operational Plan, Rev. 5 dated June 6,1997 

FCR No.: 
4324-0009-FCR-PS013 

Page I of I 

hblem /Change Description: 

levise section 7.3.2 of OPS Plan to add an option for disposal of Mine Fill “A” waler. Add the following 
nformation: 

. . . . ..in poly tanks and sampled for disposal. The decon waste water at Mine Fill “A”, Bldg #153 area 
may be disposed of by draining through the existing potenrially contaminated water run off sump, which 
is located closest to the building. No sampling will be required when this method is implemented. The 
method of disposal 

rlOTE: This sump drains to an existing holding tank via underground pipe. The building supervisor approved 
e use of the sump, since it has been designed to handle potentially contaminated water for the facility. The 

lolding tank water is periodically transferred to a transport truck and processed through Mine Fill “A” treatment 
racility. 
Initiated 

by 

Organization: Morrison Knudsen Date: 08/22/97 

&solution: %ceed as recommefided 

[f this FCR affects a subcontract, indicate CID number: MA 

A:FCRF’APER.DOC 



NAVFAC Southern Division/ Dis&t II !UC 
Morrison Knudsen Corporation - 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order No.: 4324-0009 ( Subcontract No.: 4324- NA ( FCR No.: 4324-0009-FCR-PSO14 

Pilot Scale Operational Plan, Site Safety and Health PIan 1 PaEe 1 of 4 

Reference Documents: Pilot Scale Operational Plan Appendix D, Rev. 6 dated August 14,1997 

Problem I Change Description: 

Based on initial clean soil testing operations and results I?& the industrial hygiene and safety monitoring, the following cbangcs 
are requested to the Pilot Scale C@crational Plan, AppendLv D SOP 10.0: 

AtLached marked up pages of SOP 10.0, Time Integrated Industrial Hygicnc Air Sampling. All lines affected are mark& with an X 
in the margin. 

Also insert tie following paragraph as Section 3,O. 

3.0 PREREQUIS~S 
Prior to cdbration of sampling pumps, the temperature, barometric pressure.. and relative humidity data will bc 
obtained fium the Blmnington Airport Tower and recorded on Attxhmcnt 1. l-be phone number for the Tower is 
812-825-7421. The following mnverrion fonnulac arc applicable: 

Degree Celsius CC) = 5/9rF - 32) 
Degrees Kelvin (“K) = “C + 273 : 
millimcurs memuy (mmHg) = inches Hg x 25.40 

Seesheets2,3,and4. 

Organi@on: MorrisonKnudsen Date: 10/13/97 

\ 

Resolution: 

A:FCRPSOOl.DOC 

TOTRL P. 02 



NAVFAC Southern Division! District II RAC 

- Morrison Knudsen Corporation 

- 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order No.: 4324-0009 Subcontract No.: 4524. N.4 FCR No.: 4X24-0009-FCR-PSOIS 

Rev. I 

Pilot Scale QAPP Page I of 1 

Reference Documents: Pilot Scale Biofacility Operations QAPP. Rev. 5 dated August 14, 1997, Appendix F SOP 

8330 

Problem I Change Description: 

Bad Subcontract Laboratory SOP updates, the following changes are requested: 

Attached letter dated July I I. 1997 From Southwest Laborarory and the foliowin: SOP‘s: 

swL-oL-200 
SWL-IN-I I5 
SWL-M-IO3 
SWL-IN-503 
SWL-IN-205 
sw-IN-209 
SW-IN-207 
? Y-311 
S,. -1-310 

Nitroxomarics and Nitramines 
BOD in Water 
COD 
TKN 
ICP Digestwe 
Metals Analysis 
Mercury Digestive and Analysis 
TOC in Soil/Sediment 
TOC in Water 

Initiated 

by 

Morrison Knudsen 

Resolution: 

I 

If this FCR affects a subcontract. indicate CID number: N/A 
Approval Signature: Date: 

by MKPE 
2&A 

Approval by Signature: 

$?z4-+7 
ROICCINTR 

or RPM 

Approval Signa&: Date: Additional Reviews: By/Date 

by MK 9 1447 

PJM LIZ& <nw7TfALc 
A~m-ovsl ‘&nature: I Date: 

Date I-1 
Date: 

Remdator Aopmval/Norification Recommended: 

VERPSOO 1 .DOC 



Y- 

ORIGINA 
NAVFAC Southern Division/ District II RAC 

Morrison Knudsen Corporation 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order No.: Subcontract No.: FCR No.: 
4324-0009 4324-049 4324-0009-FCR-PS016 

Pilot Scale Operational Plan Page I of 1 

Reference Documents: Pilot Operational Plan, Rev. 6 dated August 14, 1997; .4ppendix D, SOP 3.0 and Appendix F, 
QAPP Supplement 

Problem / Change Description: 
1. Add the following paragraph to Section 3.3 of OPS Plan Appendix D. SOP 3.0 to clar@ frequency of sample equipment 
decontamination: 

Non-disposable equipment used for obting samples for off-site laboratory analysis, such as explosives and metals, shall 
be decontaminated per the following procedure behveen each windrow grid sampling. Nondisposable equipment used for 
obtaining samples for on-site laboqmtorv analyst, such as pH and moisture, shall be decontaminated per the following 
procedure after each windrow, cu&v ,.,C.z~~~r,ry u.JL,P,., c(o 
d dc~-n+~,~in~eN b<rdjee,. eqcLu2iwcJm~ JWd. “‘“J 

2. Pilot Scale Ops Plan, Appendix F, QAPP Supplement 
a Delete last sentence of Section 2.0, paragraph 2.1, and 
b. Add the following as a second paragraph to Section 3.0. paragraph 3.2.1: 

A second duplicate reading for temperature shall be taken if the initial reading and the first duplicate reading differ by 
more than ST. A second duplicate reading for oxygen shall be taken if the initial reading or first duplicate reading is 
less than 10% and the readings differ by 4 or more percent oxygen. The second duplicate readings shail be recorded in 
the comments section of the Windrow Process Data - Daily Log. 

Organmio”: Morrison Knudsen Date: 09/23/97 
COrporahO” 

If this FCR affects a subcontract, indicate CID number: N/A - / n 

Approval 4’signature: 1 Date: 

kFCRPAPERDOC 



District II RAC 

1 

1 

1 

1 

i 

I 

( 

I 

c 

FIELD CLARIFICATION REQUEST (FCR) 

LIelivery Order No.: Subcontract No.: 
4324-0009 N/A I FCR No.: 4324-0009-FCR-PSO17 

3lot Scale Operational Plan 1 Page I of I 
k!ference Documents: Pilot Operational Plan. Rev. 6 dated August 14, 1997; Appendix E 

?roblem / Change Description: 

\dd the attached Soil Excavation Plan dated September 25. 1997. to the Pilot Scale Operations. This change is 
,equired in order to initiate soil excavation. screening, and stockpiling soil in building 1 proir to Full Scale 
Iperationai Plan approval which will provide soil for operating full scaie operations from February through 
ipril of 1998. 

Organization: Morrison Knudsen Date: 09m97 

Corporation 

If this FCR affects a subcontract. indicate CID number: U 

Date: 

ROICCrnTR 
f tb- 97 

Approval Sktt&: Date: Additional ReviE’ws: ByiDate 

iv MK 7 -F, 
PjM ~//,,.LAu 

Approval / Signamre: / Date: 

A:FCRPAPER.DOC 



*.-. ; ORIGINAl 
NAVFAC Southern Divisioni District II RAC 

- Monison Knudsen Corporation VOID 

FIELD CLARIFICATION REQUEST (FCR) 

Delivery Order No.: Subcontract No.: FCR No.: 

4324-0009 N/A 4324-0009-FCR-PS018 

Pilot Scale Operational Plan Page 1 of I 

Reference Documents: Pilot Operational Plan. Rev. 6 dated August 14.1997; Appendix D . SOP 2.0 and SOP 3.0 

Problem / Change Description: 
I. /Add the following paragraphs to Section 5.2 of SOP 2.0. Sample Collection For Off-site Laboratory Analysis 

Y ROCK DECCitiAMlNATION RINSE WATER 
1. After oerformine. the decontamination process as described in SOP 3.0, randomly select one rock per 0.5 cubic yards 
with a length and width no less than 4 inches and a thickness no fess than 2 inches. Place the rock in a 
clean/decontaminated stainless steel bowl or poly container. 
2. Pour slightly more than 2 liters of distilled or microfiltered water over the rock as a final rinse. Hold the rock over the 
container and adjust its position to assure rinsing of all surfaces. Remove the rock and return it to the decontaminated rock 
storage pile. 
3. Collect the final rinse water in two one-liter amber glass jars for off-site laboratory analysis. Follow the sample 
labeling, tagging and identirication. chain of custody, and shipping and handling procedures described in Section 4.0 of the 
approved Pilot Scale QAPP. Document all sampling activities in the field logbook. 

!. Add the following paragraphs to the end of Section 3.2 of SOP 3.0, Decontamination of Facilities, Equipment and Personnel 
Rock Decontamination .- 
1. Lay the aIiected rocks in a single layer in the lined and bermed decontamination area or rinse bin. 
2. T’boroughly rinse each rock using a high pressure low volume spray. Wash all visible signs of explosives residue from 
the rocks (a minimum of 5 minutes per cubic yard of rocks). 
3. Tom each rock over and repeat step 2. ,,&C 3 +x4 

4~ Return the rocks to a bin and rinse thorouehlv aamn/ When dr%%$ov~~&e the daontaminat& r& in a 
lined and bermed area until final disposition has beenobtained. 
5. Collect final rinse samples for off-site laboratory analysis per SOP 2.0 

i. Change SOP 3.0 Section 3.2 title to read: Equipment and Rock Decontamination At The Excavation Site 

Morrison Knudsen Date: 10/10/97 

[f this FCR affects a subcontract, indicate CID number: N/A 

Approval 
by hfK PE /““““I 1-A 

( Date 

Daie: Az;z~, 

Approval Signature: - Date: 

-4ppmval 1 Signatore: 1 Date: I 

Regulator Approval/Notification Recommended: 
Yes 0 No 0 

A:FCRPAPER.DOC 



NAVFAC Sourbern Division/ 

Morrison Knudsen Corporation 

District II RAC 

t 
I 

I FIELD CLARIFICATION REQUEST (FCR) 
I 

Delivery Order No.: Subcontract No.: FCR No.: 
4324-0009 N/A 4324~0009-FCR-PS019 

Pilot Scale Operational Plan Page I of I 

Reference Documents: Pilot ODerational Plan. Rev. 6 dated August 14. 1997: Aooendix D. SOP 2.0 and SOP 3.0 

Problem I Change Description: 
I. Add the following paragraphs to Section 5.2 of SOP 2.0, Sample Collection For Off-site Laboratory Analysis 

iSXK RI?WC WAER %VxWBiG 
Rock rinse water is required to be sampled and anlayzed to determine effectivness of washing and rinsing procedures prior to 

disposition of the rocks. 

Yal&!le CadQ@ 
I. After performing the decontaminarion process as described in SOP 3.0 of the Pilot Scale Operational Plan, 

Appendix D, elevate the bin containing the decontaminated rocks high enough to place a rinse sample collection 

container underneath. 

2. Place the new or decontaminated rinse water collecfion comainer under the elevated rock bin and pour slightly more 

than 2 liters of distilled or microfiltered water aver the rocks as a final rinse. 

3. Transier the tinal rinse water into two one-liter amber glass jars for off-site laboratory analysis. Follow the sample 

labeling, tagging and identification, chain of custody, and shipping and handling procedures described in Section 

5.0 of the approved Pilot Scale QAPP. Document all sampling activities in the logbook. 

4. Cover and store the decontaminated rocks in a lined and bermed area until final disposition has been obtained. 

Lay the affected rocks in a single layer in the lined and bened decontamination area. 

Thoroughly rinse each rock using a high pressure low volume spray. Wash all visible signs of explosives residue 

from the rocks (a minimum of 5 minutes per cubic yard of rocks). 

Turn each rock over and repeat step 2. Allow to drain. 

Return the rocks to a clean storage bin. elevate the bin and rinse thoroughly again. Allow to drain. 
Rinse the rocks a second cycle in the bin. Allow to drain. 

Collect final rinse samples for off-site laboratory analysis per SOP 2.0 in the approved Pilot Scale Operational Plan. 

drained, cover and store the decoruminated rocks in a lined and bermed area until foal disposition has been 

Atmroval by / Sigs; 

ROiCCmTK - 
10/19/97 or RPM 

Date. 

l&i7 
Additional Reviews: By/Date 

Approval by Signature: Dat : 

MKQC &?iiX- rim=- I ‘?Llh? 

Approval by Signature: Date: ’ 

II /2.0/9 7 
Rermlatcr Approval/Notification Recommended: 

No q I 

A:FCRPAPER.DOC 



NAVFAC Southern Division/ District II RAC 
Morrison Knudsen Corporation JClN21aG3:17 

I FrELD CLARIFICATION REQUEST @CR) 

OAPP for Pilot Scale Operations at the Biofacility Section 4. I aud Table 4.1 

1 FCR No.: 
;ozo 

tion Facility Section 9.3 and 9.4 

. 
Problem I Change Description: 

The documents referenced above require pre and post cxcavarion soil sampling grids to be 20 foot by 20 foot dimensions. This small 
of grid is not feasible at all locations. 

Initiited 
by 

-.. -. *-<^^,“-. 

- Res0lllti0Il: 
I 

Revise referenced documents to include larger dimensioned grids where feasible (i.e., 20’ x 40’, 40’ x IOO’, 20’ x 60’) 
and as agreed to by NSWC EPD. Facility maps for Mine Fill “A”, Buildings I52 and 157 have incorporated the grid 
dimensions agreed to by the NSWC EPD aad are attached. These maps will be incorporated into the Full Scale 
Operational Plan, but will be used with this FCR in the interim, pending FS Ops Plan approval. Maps for future areas 
(i.e., Mine Fill “B”, Rockeye, and ABG) will be incorporated as amendments to the FS Ops Plan at a later date. 

A:FCRPAPER.DOC 



APPENDIX B 
CLEAN SOIL RECORD OF RECIPE 

NSWC Crane 
SWMU 33/00. Bioremediation Facility 
Pilot-Scale Treatability Test Report B-l 04/l 4/98 



APPENDIX B 
TABLE OF CONTENTS 

DESCRIPTION NO. PAGES 

CLEAN SOIL RECORD OF RECIPE 7 pages 

04/14/98 



/ I I 

RECORD OF RECIPE 
RECIPE #I 2 lBldg 3) PERFORMED BY: R. Davhoff 

DATE: 6127197 INSPECTED BY: T; Doaal 

BATCH 1 
ACTUAL QUANTITY 

cubi: 1 pounds 

I - 
15750 

BATCH 2 
KTUAL QUANTITY 

7.9 4160 

I- 
=r-iik 

-- 

-- 
-- 
-- 
-- 
_- 
_- 
-- 
-- 
-= 
nl- = - 

BATCH 9 2 TOTAL 
ACTUAL QUANTITY ACTUAL QUANTITY 

pounds cubic pounds 
vards 

Ii--r-- 

cubic 
vards 

pounds pounds 

Supplier 

Wabash Valley 
ProduceiDayha 
Farms 

Kaho Brothers 

NSWC Crane 



I 

li RECORD OF RECIPE 

PERFORMED BY: R. Davhoff 

INSPECTED BY: T. Doqal 

RECIPE # 4 (Bldcl 3) RECIPE # 4 (Bldcl 3) 

DATE: DATE: 6127197 6127197 

= 

; = 
I 

i 

c 

-_ 

-- 

-_ 

-- 

-- 

-- 

-- 

-- 

-- 

=- 

1 

TOTAL 
ACTUAL QUANTITY 

BATCH 2 
lCTUAL QUANTITY 

BATCH 1 
ACTUAL QUANTITY 

BATCH 2 3 
ACTUAL QUANTITY 

TikJ-Ez 

I 

DESIGN QUANTITY 
Supplier 

93 1360 65 
I 

943 10 1450 Wabash “alley 
ProduceiDayhof 
Farms 

I 

4~5 I 6413 44 
I 

6240 

6.8 10270 

t 

11.55 1560 

2~5 3800 

=I= 
‘L45 600 

2.2 3370 2.1 

I 
3100 Frito Potato Co., 

Kambach Feeds 

3.65 1 520 3~4 I 460 Dayhoft Farms 

I 

1204 Kaho Brothers 

NSWC Crane lllSoil 
!! 

iv 

15 32600 

61.29 72210 



RECORD OF RECIPE 
PERFORMED BY: R. Davhoff 

INSPECTED BY: T. Doqal 

RECIPE # 7b (BIda 3) 

DATE: 6128197 

= - 

/ 

k 

c 

-_ 

-- 

-- 

-- 

-_ 

-- 

-- 

E.--- 

-IIT z!!=T= 

BATCH 1 
ACTUAL QUANTITY 

BATCH 2 
ACTUAL QUANTITY 

BATCH ;! 5. 
ACTUAL QUANTITY 

TOTAL 
ACTUAL QUANTITY 

DESIGN QUANTITY 

liiJTzT 

9 13050 

36 2916 

15 32600 

Supplier ti 
3f 3.0 3360 

2 1 pounds 

%2 11050 
--l--- 

Wabash “alley 
ProducelDayhoff 
Farms 

3,2 4430 

+ 

I 

-T-/-F ‘id 6.3 1340 Dayho” Farms 

---F- Sawdust 

Soil 

otal 90 6160 

-I 
9.3 4700 

-I - 
9.4 1 4620 

15 I 32600 

42.7 46100 

NSWC Crane 

state Of straw bale. 238 Ibs/cy “s 



RECORD OF RECIPE 

Turkey Manure 

Chicken Manure 

cow Manure 

POTW Sludge 

Vegetable Waste 

DESIGN QUANTITY BATCH 1 

b 
BATCH 2 BATCH 2 3 TOTAL 

ACTUAL QUANTITY 4CTUAL QUANTITY ACTUAL QUANTITY ACTUAL QUANTITY Supplier 

7YiJ-Gr i$iJ--zz cubic pounds cubic pounds 
vards vardn - 

I 6 8200 z III T 2.2 3360 

I 

2.5 

Kambach Feeds 

Alfalfa 

straw 

Wood Chips 

Sawdust 

Soil 
g- 

III- 
Ez 

+ NSWC Crane =- 
166 6750 -Ilt 9.6 8900 = - 

Comments: ’ “olume based on compressed stale Of SLI ‘aw bale. 

RECIPE # 7c (Bldg 

DATE: 6128197 

.- 

a PERFORMED BY: R. Dayhoff 

= 

INSPECTED BY: T. Doaal 



RECORD OF RECIPE 

RECIPE # 3 (Blda 2) PERFORMED BY: R. Davhoff 

DATE: 6128197 INSPECTED BY: T. Doaal 

MENDMENT 1 -----l--pm.n.r’ 

BATCH 1 
ACTUAL QUANTITY 

E 
5.3 6080 

4.7 1070 

i 

k 

c 

-_ 

-- 

-- 

-- 

-- 

-- 

g- 

III 
s 

BATCH 2 I BATCH 2 3 
ACTUAL QUANTITY 

xbic pounds 

ACTUAL QUA6TlTY 

cubic pounds 
ards I vnrlk 

56 8180 

n 

5.2 5750 

5.0 I 3020 III 5.0 I 3050 

-II i - 
111 

15 12300 Ill i 10000 

TOTAL 
4CTUAL QUANTITY 

cubic pounds 

w*n 1 
16.1 20010 

I-l- 

15 11745 

Comments: 

I 

=I= 
14.2 3370 

15 I 8620 

+z- 

60.3 1 64600 

$ = 
-- -- -- 

-- 3 - 

Supplier 

D. Benham 
Purdue Farms/ 
Dayhoff Farms 

Dayhoff Farms 

Kaho Brothers 

NSWC Crane 



RECORD OF RECIPE 
RECIPE # 5 (BIda 2) 

DATE: 6129197 

PERFORMED BY: C. Kixmiller 

INSPECTED BY: T. Doaal 

Frito Potato Co 
Kambach Feed 

Kaho Brothers 

NSWC Crane 



RECIPE # 6 (Bldg 2) 
RECORD OF RECIPE 

PERFORMED BY: C. Kixmiller 

/II DATE: 6129197 INSPECTED BY: T.~Dogal , (I/ 

Sawdust 

Soil 

TOtal 

Comments: 
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I NWSC Crane BioFacility Pilot hle Demonstration 

Compost Recipe Mix2 

_-~~~-. 

Windrow Average Dally Temperatures 

70 

00 

za 

ia 

a 
Turn w 2 Turns -+ 3 turns t 

23456i6 9 10 11 12 11 14 15 16 17 16 19 20 21 22 23 24 26 26 27 26 29 30 31 

Windrow Age in Days 

Morriso? Knudsen Corporation Windrow Constructed June 28, 199; 



Average Daily Windrow Tempercrtrrre Srrmma~y Report 

wimfrow rvuntfwr Co,,str,,ct;o,r Dote Dote hlorritorrd .-f,ne (Don) PRE-Tirrrr lDq C) POST-Tunr (Dq C) 

I 

3 

4 

5 

6 

7 

a 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

29 

30 

46.67 43~79 

49.29 46.33 

52.71 47.36 

52.96 50.46 

56.08 52.92 

58.50 53.63 

55.67 49.75 

52.75 49.88 

54.79 53.96 

56.22 52.79 

55.79 51.36 

52.04 49.38 

51.36 47.96 

47.83 46.36 

47.96 47.06 

51.17 49.96 

50.50 46.04 

49.00 47.54 

51.04 47.96 

47.88 44,63 

45.79 45.13 

45.79 4450 

47.42 45.06 

52.33 43.04 

46.63 43.21 

47.06 43.79 

46.67 46.63 

50.92 46.17 

54.00 57.92 
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Average Daily Winhow Temperature Summary Report 

Wirtdmw iVunrbrr Co,rstruct;on Dute Date Mortitorcd Age (Dam/ PRE-Turn (Dq C) POST-Ttrm (DC; C) 

AU avenge temperatures are in degrees centigrade 

Flay, sqnembw OS.1997 

I 49.33 44 a3 

2 49.79 49.13 

3 55.79 52.38 

4 59.04 53.50 

5 60.46 54.96 

6 61.88 52.92 

7 56.63 66.96 

a 57.33 53.96 

9 57.50 54.54 

10 54.63 54.38 

11 59.58 51.04 

12 54.21 50.04 

13 50.63 50.79 

14 53.46 52.04 

15 57.17 51.29 

16 57.54 51.29 

17 54.00 51.21 

,a 55.71 44.67 

19 48.33 40.79 

20 45.00 42.42 

21 45.83 43.88 

22 50.75 45.71 

23 57.21 44.88 

24 49.63 43.21 

25 48.54 42.21 

26 49.00 44.5a 

27 46.46 44.42 

28 46.46 45.63 

29 50.46 45.08 

30 47.29 43.29 

Pa#eIofl 
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! 
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wiw 
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Average Dai& Windrow Temperature Summary Report 
- 

MIX4 CR8197 6R9197 I 

W30197 2 

7,1/S, 3 

712197 4 

7m97 5 

714197 6 

7/s/97 7 

716197 a 

7",97 9 

71a197 10 

7/9197 11 

7110197 12 

7,11/97 13 

7,12/97 14 

7/13/97 1s 

7x4/97 16 

7/lM7 17 

7,16197 la 

7/17/97 19 

7118197 20 

7/19/97 21 

7RO197 22 

7ml97 23 

7m7 24 

7RY97 25 

7mi97 26 

7nsi97 27 

7nm7 28 

7/27/97 29 

7RW97 30 

All avtmzge tempraturer are in degrees centigrade 

Friday, Sqtembcr OS.1997 

41.33 

45.00 

47.75 

46.88 

48.46 

49.46 

51.83 

52.42 

50.96 

55.54 

52.67 

56.75 

53.96 

54.83 

53.08 

54.13 

sssa 

St.88 

58.33 

51.67 

48.83 

so.13 

51.46 

53.88 

46.71 

46.21 

45.83 

47.17 

46.21 

47.92 

43.08 

44.79 

44.83 

45.75 

46.83 

45.17 

46.25 

51.50 

51.38 

54.38 

52.92 

52.96 

51.29 

52.42 

52.00 

so.aa 

so.38 

SO.04 

47.71 

47.92 

45.71 

45.17 

43.29 

40.96 

40.42 

41.46 

43.04 

43.46 

44.71 

Page I of I 



1 

NWSC Crane BioFacility Pilot -Gale Demonstration 

Compost Recipe Mix5 

Windrow Average Daily Temperatures 

70 
e z Is 

- POST L-l -I- PIE 

10 

1 Turn 2Tums 3 Turns 
0 , + + 

123456i0 9 ,O 11 12 13 14 15 16 17 IS 19 20 21 22 23 24 25 26 27 28 29 30 3, 

Windrow Age in Days 

3 

Morrison Knudsen Corporation Windrow Constructed June 29, 1997 



Average Daily Windrow Temperature Smmary Report 

Construcrhr Dote Date Morrirorcd Age (D~JTJ PRE-Turn (Dc.;~ C) POST-Tuur,r (De= C) 

AU awrnge temperatures are in degrees centigrade 

F&y, Scprunbcr OS. 1997 

1 40.00 

2 45.79 45 li 

3 so.75 50~04 

4 55.08 51.17 

5 57.88 52.79 

6 56.63 53.21 

7 59.63 69.13 

a 57.71 53.42 

9 57.67 55.33 

10 56.17 56.08 

11 57.36 52.58 

12 52.08 53.04 

13 54.46 51.71 

14 54.54 52.79 

15 58.50 54.75 

16 56.17 53.63 

17 56.63 55.54 

18 60.56 51.79 

19 58.96 53.83 

20 54.79 50.56 

21 54.13 49.38 

22 54.42 47.63 

23 52.42 45.66 

24 50.42 45.00 

25 50.67 44.21 

26 49.83 45.67 

27 54.50 45.04 

26 48.96 45.00 

29 93.92 44.13 

30 49.04 43.50 

Page1 o/I 



NWSC Crane BioFacility Pilot he Demonstration 

Compost Recipe Mix6 

70 

10 

0 

Windrow Average Daily Temperatures 

Turn , 2Tums + 3 Turns b 

2 3 4 5 6 7 a 9 10 1, 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3, 

Windrow Age In hys 

,i 

g~~orrison vpudsen Corporation Windrow Constructed June 29, 1997 



-‘. - _ Average Daily Windrow Temperature Summary Report 

Comrrrrctiorr Dare Dare Mmirored .4ge (Dam) PRE-Turn (De,- C) POST-Turrr (DC,- C) 

1 37.25 37.21 

2 41.67 43.00 

3 47.33 46.29 

4 53.71 51.36 

5 57.25 52.56 

6 57.50 50.67 

7 54.21 52.17 

8 56.00 51.38 

9 54.88 52.63 

10 55.38 54.46 

11 57.79 53.06 

12 55.79 51.46 

13 5233 52.96 

14 55.46 53.54 

15 58.75 55.13 

16 59.42 55.17 

17 57.92 55.96 

18 59.21 54.17 

19 55.21 55.21 

20 55.83 52.79 

21 55.33 52.13 

22 56.36 51.25 

23 55.79 50.38 

24 54.96 40.33 

25 53.36 48.29 

26 53.13 50.08 

27 55.04 49.92 

26 55.38 51.29 

29 56.17 50.75 

30 54.79 48.17 

AU average temperatures we in degrees centigrade 

F#idq Sr#embtr OS. 1997 PgrIOfl 



NWSC Crane BioFacility Pilot +,zhe Demonstration 

Compost Recipe Mix7B 

70 

60 

50 

a 
c 40 

,s? 
: 
0 
m 30 
E 

8” 

20 

10 

0 

Wlndrow Average Daily Temperatures 

Optimum 

Operating 

Themophilic Range 

Mesophillc 

---A- 

l Turn +’ 3 i-3 ZTuma -3Turns , 

2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 20 29 30 3, 

Windrow Age In Days 

Morrison Knudsen Corporation Windrow Constructed June 28,1997 



_ Average Dai& Windrow Temperatrrre Summary Report 

1 46.71 

2 56.58 53~79 

3 60.96 58.08 

4 62.71 58.32 

5 61.63 55.80 

6 62.63 57.96 

7 63.21 54.33 

a 63.46 54.29 

9 63.58 59.83 

10 63.75 56.04 

11 59.63 5a.00 

12 61.63 40.91 

13 49.96 34.50 

14 44.88 40.96 

15 52.76 46.36 

16 59.28 53.0$ 

17 61.65 37.21 

18 45.83 39.92 

19 53.92 45.71 

20 49.42 49.79 

21 53.00 51.79 

22 56.83 55.08 

23 63.13 56.50 

24 66.92 55.79 

25 64.67 52.13 

26 61.00 54.63 

27 61.92 52.76 

26 63.86 53.96 

29 60.92 53.17 

30 6263 52.79 

Pagelofl 

AU average temperatures am in degrees centigrade 

Fdday,septmb~os,l997 



i 

NWSC Crane BioFacility Pilot Scale Demonstration 

Compost Recipe Mix7C 

Windrow Average Daily Temperatures 

d 
c 40 
.E 
f 
0 
* 30 
E 
g c1 

20 

10 

0 

Themophillc Range -__---_--__--_--_--_____________________- 
Mssophilic 

L- 

1 Turn ,2 Turns 3 
-, 

Turns 
b 

2 3 4 5 6 7 6 0 10 11 12 13 I4 15 16 17 16 19 20 21 22 23 24 25 26 27 26 29 30 3, 

Windrow Age in Days 

Morrison Knudsen Corporation ,. Windrow Constructed June 28, 1997 



Average Daily Windrow Temperature Stimmary Report 

Ilhdrow Nurrrber Construcrimr Dale Dare Monitored Age (Dn.vs) PRE-Turn (Deg C) POST-Turn (Deg C) 

MIX7C 6R0/97 6R9/97 

6/30,97 

711197 

7m7 

7ni¶7 

714/97 

7m97 

7m7 

7"/97 

7m7 

7/9/97 

7/10/97 

7lllt97 

711M7 
.- 

7lw97 

7llu97 

7/15/97 

7/16197 

7,17/97 

7llat67 

7/19,97 

7ROi¶7 

7n1197 

7mls7 

7nm7 

7i24/97 

7l2m7 

7ml97 

7nm7 

7128197 

AU averagr temperatures are in degrees centigrade 

F~,SScpcunbcrOS, 1997 

I 35.33 

2 48.71 

3 52.33 

4 57.30 

5 60.42 

6 63.71 

7 62.71 

0 642.5 

9 6463 

10 65.42 

11 64.83 

12 63.33 

13 60.42 

14 59.30 

15 60.29 

16 61.79 

17 61.66 

18 59.21 

19 62.63 

20 56.71 

21 53.71 

22 53.38 

23 56.33 

24 65.04 

25 60.21 

26 58.92 

27 54.04 

26 59.21 

29 5525 

30 57.46 

45.04 

48.54 

52.33 

55.33 

56.33 

58.63 

57.88 

57.54 

60.00 

60.71 

59.50 

58.25 

54.03 

55.58 

57.96 

65.92 

56.33 

53.33 

51.33 

51.06 

51.46 

52.36 

51.46 

51.54 

49.58 

51.79 

51.79 

61.38 

50.83 

PsQe I of I 
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I 

NWSC Crane BioFacility Pilot &ale Demonstration 

Compost Recipe Mix2 

. 

90 

60 

70 

60 

Optimtm 
operating 

Rang9 

1 Turn ,2 Turn= + 3 Turns F 
, . I I I I - - 8 ” ” ’ ” 1 * ‘. ’ ” ‘, - - - ’ - 1 

1 234567 6 9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 2, 26 29 JO 3, 

Windrow Age in Days 

Windrow Average Dally WHC 

~--- 

vo@on Kpudseq Corporation Windrow Constructed June 28, 1997 



_A verage Daily Windrow WHC Summr~y Report 

Co,mruc~;on Daze Dote Monirorcd Age IDqs) PRE-TMJI (%) POST-Turn (%) 

6128/97 6879197 1 78.75 

7Rl97 4 71.33 

7/5/97 5 78.00 

71037 6 66.00 

7m97 9 65.00 

?i?l97 11 6o.w 

mm7 13 60.25 

711497 16 55.75 

711.397 la 4a.w 

7116i¶7 20 34.33 

7119197 21 51.27 

7l21197 23 47.90 

7-7 24 37.70 

7RM7 2s 43.18 

7124197 26 57.78 

7128197 30 52.17 



! 

NWSC Crane BioFacility Pilot S,dk Demonstration 

Compost Recipe Mix3 

90 

79 

5a 

( 

/ __ 

I .- 

I .- 

I ._ 

I ._ 

I -- 

I .- 

I, 

1 

Windrow Average Daily WHC 

1 Turn , 2Tuma <3T”Ii% 
b 

2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 27 26 29 30 3, 

Wtndrow Age in Days 



--. -- _.^. 

En9197 6,30,97 

7N97 

71.4197 

717197 

719197 

7,11,97 

7114197 

7/16,97 

7/17,97 

7118/97 

7,19,97 

7ROl97 

7121197 

7nm7 

7r2M7 

7l2m7 

7mi97 

7R9/97 

3 

5 

8 

10 

12 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 

27 

30 

66.25 

61.50 

56.25 

54.25 

51.50 

53.00 

48.75 

31.50 

29.60 

33.75 

40.98 

47.15 

36.20 

37.63 

46.27 

50.80 

57.85 

38.90 
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NWSC Crane BioFacility Pilot Scale Demonstration 

Compost Recipe Mix4 

90 

20 

10 

0 

1 

Wlndraw Average Daily WHC 

I Turn w 
2 1 Turn b 2Tums+ ~~~~~~ b 

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 3, 

Windrow Age in Days 

Morrison Knudsen Corporation Windrow Constructed June 28, 199; 



~&verrge Daily Windrow WHC Srumuzry Report 

MIX4 s/228/97 6R9/97 

?I%97 

7,4/97 

7",97 

7,919, 

711 l/97 

7,14,97 

7/16/97 

7/18/97 

7/19/97 

7n21/97 

7RZ97 

7Lw97 

7mm7 

7/27/97 

7/28/97 

Fddq.Sqimba0S.1997 

4 

6 

9 

11 

13 

16 

16 

20 

Zl 

23 

24 

25 

27 

29 

30 

79~75 

77.25 

80.50 

61.00 

74~00 

77.00 

67.25 

57.75 

47.40 

56.66 

4495 

45.15 

49.65 

55.65 

54.13 

51.63 



I 1 

NWSC Crane BioFacility Pilot hale Demonstration 

Compost Recipe Mix5 

SO 

?O 

70 

60 

20 

IO 

0 

Windrow Average Daily WHC 

1 Turn , 2Turns + 3 Turns b 

234567 6 9 10 1, 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3, 

Windrow Age In Days 

Mqqjsqy! Knudsen Corporation Windrow Constructed June 29, 1997 



-Average Daily Windrow WHC Summa y Report 

Windrow Number Consrr~mio,t Dorr Dare Morrirored A:e (Days) PRE-Tunr (96) POST-Turrr (%) 

MIX5 6R3137 mof37 1 

7Rl37 3 

7/4/97 5 

?lv/97 a 

7,3,37 10 

7/11/97 12 

7/14/97 15 

7,16/37 17 

7,17,37 18 

7118197 13 

7/19/37 20 

7ROl97 21 

7L?l/97 22 

7lzl97 23 

7RM7 24 

7/24/97 25 

7126/97 27 

7R929197 30 

71.25 

66.75 

65.25 

62.25 

61.50 

Ml.25 

46.50 

32.75 

30.10 

32.27 

33.67 

47.50 

37.63 

41.00 

45.15 

53.73 

51.00 

41.60 



NWSC Crane BioFacility Pilot L -,‘e Demonstration 

Compost Recipe Mix6 
..__ ---.----.-.- ---. ..- 

Windrow Average Dally WHC 

IO. 

1 Turn , 2 Turns +, 3 Turns w 
0,........~ 1 I I. I I . . ,- .= 8 7 8 1% * 1.~1 

1234567 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 21 24 25 26 27 28 29 30 31 

Windrow Age in Days 

p@rrp? Fpdq Corporytion Windrow Constructed June 29,1997 



MIX6 6129/97 600197 

7N97 

7/4,97 

7/77/97 

7t9197 

7,11,97 

7/14197 

7,16/97 

7118197 

7/19i¶7 

7/21/97 

7ml97 

7c?m7 

7/24i¶7 

7RY97 

7127i97 

7R9/97 

3 

5 

a 

10 

12 

15 

17 

19 

20 

22 

23 

24 

25 

26 

28 

30 

7'3.25 

80.25 

78.25 

74.75 

70.50 

77.50 

47.70 

35.50 

39.55 

38.35 

38.92 

49.88 



NWSC Crane BioFacility Pilot ,-die Demonstration 

Compost Recipe Mix7B 

Windrow Average Dally WHC 

20 

IO. 

1 Turn 
0, , , , , , 1,, , p., 

, 2 3 4 5 6 7 6 9 IO 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 2, 28 29 30 3, 

Windrow Age in Days 

~yfr/s~p Knuc+ep Corporation Windrow Constructed June 28, 1997 



Average DaiIy u/i&-ow WHC Sumnzaly Report 
.- 

Windrow Number Consrrucrion Date Dare Morrimrcd Age (Dqs) PRE-Turn (%) POST-Turn (%) 

MIX76 6mv97 m9/97 1 

7lw97 4 

7,4/97 6 

7",97 9 

7m7 11 

7llof97 12 

7/11197 13 

7/14197 16 

7/1%97 17 

7/16/97 18 

7/17/97 19 

7/l&97 20 

7119/97 21 

7i2tl97 23 

7m7 24 

7nY97 25 

7mJ97 27 

7naJ97 30 

54.00 

4625 

46.25 

44.00 

3a.25 

39.75 

53.75 

39.00 

42.75 

26.75 

39.25 

36.42 

46.93 

41.00 

47.03 

48.85 

55.45 

50.55 
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NWSC Crane BioFacility Pilot b<ale Demonstration 

Compost Recipe Mix7C 

90 

80 

20 

IO 

0 

1 

Wlndrow Average Dally WHC 

1 Turn 
2 Turns +3Tums b 

; i i ; i ; i i 10 11 12 13 14 15 16 17 f9 19 20 21 22 23 24 25 26 27 

Windraw Age In !hys 

16 29 30 31 

Windrow Constructed June 28, 1997 



- 
Average Daily Windrow WHC Sumnrary Report 

Construction Dafe Daft Monirored Age (Daw) PRE- 7irrir (%) POST- Tm/r (%) 

&28/97 m9/97 1 68.25 

7m97 4 66.50 

7,4/97 6 63.50 

7,7A7 9 60.25 

7,1lA7 13 54.50 

7lW97 16 51.50 

7/16/97 la 32.75 

7117197 19 29.33 

7,laA7 20 33.10 

7tl9A7 21 4295 

7mY97 22 

7/a/97 23 

7ml97 24 

7mJ97 25 

7mA7 27 

7mA7 30 

48.53 

44.35 

49.73 

34.73 

50.45 

50.23 
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NWSC Crane BioFacility Pilot Scale Demonstration 

Compost Recipe Mix 2 

20 

18 

16 

14 

Wlndrow Average Daily Oxygen 

- 

t POST 

-a- Pf7E 

OP 

- 

timum 
operating 

Range 

h 
I\ I 

b 
-==F==?G 

1 2345678 9 10 ,, 12 13 14 15 16 17 18 19 20 21 22 2J 24 25 26 27 28 29 JO J, 

Windrow Age in Days 

vorri?ov Knudsep Corporation Windrow Constructed June 28, 1997 



MIX2 m28/97 6879197 

&30197 

7/l/97 

7m7 

7m7 

714197 

715197 

7m7 

7/?197 

7lw97 

7m7 

7llOi-37 

7/11i¶7 

7llM7 

711387 

7/14i¶7 

7,15/97 

711m7 

7117197 

7/16/97 

7/19/97 

7noKJ7 

7mi97 

7m7 

7RM7 

7n4197 

7n5197 

7nm7 

7G!6!¶7 

AU average Oxygen values are eqmssed as II percent 

Fddq..qtmukr05,1997 

I 0.88 0.79 

2 0.75 0.00 

3 0.36 0.00 

4 0.63 0.46 

5 2.50 1.42 

6 1.63 0.79 

7 0.63 025 

a 0.29 0.21 

9 0.54 0.08 

10 0.61 0.08 

11 0.04 0.17 

12 0.46 0.42 

13 0.00 0.75 

14 0.13 4.38 

15 1 .oo 2.17 

16 1.33 0.13 

17 1.46 0.92 

18 1 so 2.75 

19 1.21 1.79 

20 2.13 1.92 

21 2.06 2.06 

22 2.79 5.66 

23 2.21 4.63 

24 1.63 6.36 

25 0.08 9.86 

26 0.04 9.64 

27 0.04 6.67 

29 0.17 1029 

30 0.25 9.79 





Average Daily Windrow Oxygefl Summary Report 

Windrow Number Cottstruction Date Dote Morritored Age (Dqvz) PRE- Term (“A) POST- Twrr (%) 

1 1.00 ,,a8 

2 0.21 0.21 

3 0.54 1.67 

4 0.63 1.79 

5 0.50 0.29 

6 1.33 0.21 

7 0.50 0.33 

a 0.00 0.04 

9 0.50 0.00 

10 0.08 0.00 

11 0.38 0.13 

1.7 1.38 3.54 

13 0.29 5.33 

14 0.63 2.04 

15 0.50 217 

16 1.71 1.96 

17 2.17 3.75 

18 1.5-l 13.88 

19 3.08 14.17 

20 1.25 1.83 

21 1.54 7.17 

22 0.83 11.04 

23 1.08 a.96 

24 0.29 a.42 

25 0.21 lo.83 

26 0.42 9.92 

27 1.42 7.75 

28 0.25 10.42 

29 0.50 10.25 

30 1 .oo ii.08 



NWSC Crane BioFacility Pilot -die Demonstration 

Compost Recipe Mix4 

Windrow Average Daily Oxygen 
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:ango 
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~~~~isq~ Knudsen Corporation Windrow Constructed June 2.8, 1997 



Average Daily u/i&row Oxygen Srrmnzar~y Report -~ 

,- 

Fdhy, sqltembu 05. I997 _....~ 

1 1 75 

2 0.79 

3 1.08 

4 5.92 

5 1.46 

6 1.58 

7 1.42 

6 1.08 

9 1.83 

10 0.63 

11 0.00 

12 2.66 

13 0.58 

14 0.00 

15 0.13 

16 0.33 

17 0.93 

18 0.63 

19 1.13 

20 1.17 

21 0.71 

22 0.86 

23 0.50 

24 0.92 

25 0.33 

26 0.50 

27 0.63 

26 2.17 

29 0.67 

30 0.25 

0.21 

1.13 

4.08 

1.92 

2.29 

3.06 

3.58 

0.71 

1.13 

1.25 

0.08 

1.21 

3.63 

1.29 

225 

2.17 

3.42 

3.79 

2.63 

2.04 

1.46 

10.54 

11.46 

10.25 

13.21 

11.88 

9.00 

12.63 

10.38 

PiiIOfI 
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NWSC Crane BioFacility Pilot Scale Demonstration 

Compost Recipe Mix5 

Windrow Average Dally Oxygen 
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18. 
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Windrow Constructed June 29, 1997 



Average Daily Windrow Oxy,oen Summary Report - 

Wrtdrow Number Consfrucrimr Dnre Dare Monirored A,Y~ (Days) PRE-Turn (%) POST-Turn (%) 

MIX5 6R9r37 mo197 I 

?,1/9? 2 

?I797 3 

?Ri¶? 4 

?I4197 5 

?/537 6 

7mi97 7 

7/7i¶? 8 

7lal97 9 

?i¶i¶7 10 

7/10/9? 11 

?,I 1197 I2 

7/1M7 13 

7/1?a? 14 

7/u/97 15 

7ilM7 16 

7/16/97 17 

7l17i97 18 

7/16197 19 

7/1919? 20 

7noi¶7 21 

7R1197 22 

7m7 23 

7/23/9? 24 

7124l97 25 

7RY97 26 

7f.?6i¶? 27 

7l27iJ7 26 

7mi97 29 

7129197 30 

0.36 

1.65 

0.88 

0.54 

0.04 

125 

1.33 

0.17 

0.13 

0.00 

0.29 

0.29 

0.04 

0.29 

0.29 

1.17 

1.00 

1.21 

1 .oo 

1.13 

1.13 

0.08 

1 .oo 

0.0-3 

0.17 

0.33 

0.96 

0.21 

023 

1.04 

1.38 

1.46 

0.96 

0.54 

1.17 

1.08 

0.33 

0.29 

0.21 

0.42 

0.33 

4.06 

1 .oa 

1.38 

1.96 

1.67 

4.75 

3.96 

1.17 

1.04 

11.67 

9.13 

3.79 

9.63 

1025 

4.67 

10.88 

11.42 

10.33 



NWSC Crane BioFacility Pilot L-die Demonstration 

Compost Recipe Mix6 
--- 

Windrow Average Daily Oxygen 
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Average Daily Windrow Oxygen Summary Report - 

Windrow Number Conswuchn Date Dale Monitored Age (DI+) PRE- Turn (76) POST-Tunr (“A) 

MIX6 6R9197 &30/97 1 0.38 3.17 

7/1197 2 0.46 2.33 

7m7 3 0.33 1.88 

7n-37 4 3.63 5.17 

7,4*7 5 1 .sa 5.33 

7m97 6 1.70 1.46 

7,6/97 7 1.79 1.42 

7m97 a 1.29 0.71 

7m97 9 0.83 0.13 

7f9l97 10 0.17 0.04 

7/1w97 11 1.08 0.25 

7,,1/97 12 0.17 0.13 

7ml97 13 0.00 2.63 

7llM7 14 0.29 0.88 

711u97 15 0.29 1.67 

7/16/97 16 0.79 1.33 

7/16+97 17 0.96 1.36 

7/17/97 18 0.54 2.79 

7,16/67 19 1.71 1.17 

7/19/97 20 1.13 1.04 

7RO,97 21 2.36 1.50 

7R1/97 22 0.46 9.88 

7nz97 23 1 .oo 7.71 

7i23l97 24 0.00 6.29 

7i24ls7 25 0.00 6.54 

7RM7 26 0.M) 4.75 

7rm¶7 27 0.13 6.76 

7Eus7 26 0.08 6.29 

7mi¶7 29 0.06 7.00 

7i29/97 30 0.00 9.04 

AU average Oxygen vaim are nprcssed as a percent 

F&xy, Sqtmber OS.1997 Pa&e I of I 
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Average Daiiy Windrow Ox~g,oen Srrrnma y Report 

Whdrow Nunrbcr Consrrucrim Dare Dare Monitored Age (Days) PRE- Turn (%) POST- Turn (%) 

1 0.21 

* 2.04 

3 2.67 

4 7.00 

5 5.33 

6 1.92 

7 4.08 

8 5.46 

9 1.29 

10 4.29 

11 1.33 

12 1.54 

13 0.88 

14 3.88 

15 244 

16 1.60 

17 2.35 

18 1.96 

19 1.63 

20 1.50 

21 1.50 

22 1.13 

23 0.63 

24 1.75 

25 3.63 

26 1.79 

27 1.50 

28 229 

29 2.17 

30 1.67 

3.08 

1.96 

1.68 

6.71 

3.56 

5.67 

2.80 

2.79 

4.75 

3.92 

9.17 

13.00 

15.75 

11.64 

8.20 

18.16 

17.04 

11.46 

9.29 

10.38 

3.79 

10.60 

13.29 

13.75 

13.42 

10.17 

12.36 

14.04 

12.33 
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NWSC Crane BioFacility Pilot &ale Demonstration 

Compost Recipe Mix7C 

Windrow Average Dally Oxygen 

-POST 

-.-- PRE 

. 6. I \ 1 \ I 

Windrow Age in Days 

@@on Kpt@sen Corporation Windrow Constructed June 28, 1997 



Average Daily Windrow Oxygen Summary Report 
- 

Nindrow Number Consrruction Dare Dare Monitored Age (Days) PRE-Turn (%) POST-Turn (%) 

6/26/27 SR9/97 1 3.63 

MO/97 2 275 

7/l/97 3 1.21 

7m97 4 0.33 

713/97 5 5.04 

7l4197 6 4.17 

7m7 7 4.96 

7nx7 6 6.54 

?I797 9 4.21 

m!¶7 10 3.00 

7i997 11 2.13 

7/10197 12 3.50 

7/11197 13 0.56 

711m7 14 0.17 

70x37 15 0.63 

7114i97 16 0.71 

7/lM7 17 1.54 

7116i¶7 16 2.33 

7/17/97 19 1.50 

7/16i¶7 20 1.17 

7/19i¶7 21 2.25 

7ml97 22 1.42 

7l21197 23 0.46 

7ml97 24 0.54 

7ml97 25 0.25 

7mi97 26 0.04 

7l2587 27 0.17 

7126/97 26 0.60 

7nm7 29 0.04 

7L?m7 30 0.06 

1.75 

1.75 

1 .oo 

3.63 

1.88 

3.46 

1.04 

3.42 

1 so 

2.00 

0.08 

1.75 

6.25 

4.42 

3.63 

2.46 

6.04 

10.33 

9.17 

9.54 

2.54 

6.42 

10.06 

10.04 

10.68 

10.17 

9.29 

11.67 

10.48 

All average Oxygen values are eqwessed as a percent 

Fri&ScpwnbcrOS,1997 
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NWSC Crane BioFacility Pilot. ,he Demonstration 

Compost Recipe Mix2 
- 

Wlndrow Average Dally PH 

7. 

o lTum 

,2Tums + 3Tums + 

'1234567 0 9 10 11 12 11 14 15 16 17 16 19 20 21 22 23 24 25 26 27 28 29 30 3, 

Windrow Age In Days 

yyfiyy t<pdsefl wprafio~ Windrow Constructed June 28, 1997 



Average Daily Windrow PH Summary Report 

MIX2 6128/97 7N97 4 8.38 

7/9/97 11 8.68 

7116197 18 8.73 

7mJ97 25 8.52 

7nm7 30 8.57 

Page I of I 
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NWSC Crane BioFacility Pilot scale Demonstration 

Compost Recipe Mix3 

Windrow Average Dally PH 

9. 

?. 

6. 

5. 

4. 

3. 

2. 

!- 

I Turn ,zTums + 3Tums b 
0 

1 2 3 4 5 6 7 a 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 28 30 3, 

Windrow Age In Days 

Windrow Constructed June 29, 1997 



,- Average Daily Windrow PI? Summary Report 

IVi/rdrow Number Consfruction Dote Dale Monitored Age (Dq~s) PRE- Turn (STD Units) 

MIX3 6!79/97 7C?J97 3 7.99 

7,9/97 10 6.57 

7/16197 17 8.61 

7G!?J¶? 24 8.30 

7r29l97 30 6.58 

- 



NWSC Crane BioFacility Pilot die Demonstration 

Compost Recipe Mix4 

Windrow Average Daily PH 

1. 

0,. + + ,, , ,, , , , ., , , ,, ,y , , , , ,, , 

1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 27 20 29 ),, 3, 

Windrow Age in Days 

I 

ff 
p?fppq Fnqdsef! Corporation Windrow Constructed June 28, 1997 



.- 
Average Daily Windrow PH Summaq? Report -~ 

Windrow Number Consrrucrimr Dare Dote Morrirored .43 (Dqs) PRE- Turn (STD L’uics) 

MIX4 6i-228197 7N97 A 6.10 

7m37 II 7.80 

7116197 is 8.69 

7mi97 25 8.60 

7l-20197 30 8.45 



NWSC Crane BioFacility Pilot biile Demonstration 

Compost Recipe Mix5 

6 

2 

0 

Wlndrow Average Daily PH 

1 Turn +2Tums + JTums b 

2346678 Q 10 11 12 13 14 15 16 $7 18 19 20 21 22 23 24 25 26 27 28 29 30 ,, 

Windrow Age In Cays 

I 

- 

~g~$soy Knudsen Corporation Windrow Constructed June 29, 1997 



Average Dai& Windrow PH Srrmmary Report 

W’ir~drow Number Cortsrrucriotr Dnfc Dare :\fonirored Age (Davx) PRE-Turn (STD ti112.r) 

MIX5 6R3/37 7,213, 3 6.32 

719197 10 7.58 

7116137 17 8.52 

7123137 24 8.23 

7R3/37 30 8.65 

.- 

AU avcragc PH vahs arc erprersed in stamiiud unirs 

Fri&v, Sqnembe OS, 1997 



NWSC Crane BioFacility Pilot --die Demonstration 

Compost Recipe Mix6 

Wlndrow Average Dally PH 

2 

0, ,,,,,~.,,,,,,,,~,‘s 
! Turn 2 Turns + 3 Turns w ,,,,.,. 

12346678 9 IO 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 JO 3, 

Windrow Age In Cays 

Windrow Constructed June 29,1997 



_ Average Daily Windro w PH Summary Report 

MIX6 6R9197 7m97 3 6.76 

719197 10 6.00 

7/16/97 17 8.14 

7R3/97 24 6.19 

7t29197 30 6.40 



NWSC Crane BioFacility Pilot h;a\e Demonstration 

Compost Recipe Mix7B 
--__-.- 

Windrow Average Dally PH 

O ITurn 
,ZTums + 3~urns 

k 

1 234567 8 9 IO 11 12 13 14 15 16 17 la 19 29 21 22 21 24 25 26 27 26 29 30 3, 

Windrow Age In Cays 

Windrow Constructed June 20, 1997 



Average Daily Windrow PH Srrmnaly Report 

6128197 7’7297 

719197 

7/16/97 

7n3,97 

7naf97 
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a.44 
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NWSC Crane BioFacility Pilot. de Demonstration 

Compost Recipe Mix7C 

Wlndrow Average Dally PH 

2 

1 

‘0 
ITurn- ä 2Turns + 3Tums F 

12345678 9 10 11 12 13 14 15 16 17 ia 19 20 21 22 23 24 25 26 27 28 29 30 3, 

Windrow Age In Days 

Windrow Constructed June 28, 1997 



Average Daily Windrow PH Summary Report ~- 

Cotrs~rrrction Date Date Monitored Age (Days) PRE-Turn (STD Units) 

%?8/97 7m7 4 7.43 

7/16,97 I6 8.19 

7R323197 25 7.82 

7!28/97 M 8.55 

- 

AU average PH valms are crpressed in standard units 

id&y, Sqtembu OS. 1997 
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NWSC Crane BioFacility Pilot scale Demonstration 

Compost Recipe Mix 2 

140000 

1 ~00000 
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Wlndrow Age In Days 
--.----_____ 

. 
Morrison Knudsen Corporatlon 



Average Daily Wina’row TOC Summal~7 Report 
- 

MIX2 6i-28197 6R819i 0 59167 

m9197 1 49300 

783197 5 E4760 

7ni¶7 10 58367 

7/16/97 20 39242 

7m197 30 55292 
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NWSC Crane BioFacility Pilot dale Demonstration 

Compost Recipe Mix 2 

16000. 
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Windrow Average Total Kjeldahl Nitrogen Concentration (MGIKG) 
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WIndrow A@ In Days 

Morrison Knudsen Corporation 



Avesage Da+ Windrow TKN Summary Report 

MIX2 &76/97 a?&97 0 9060 

m919i 1 8012 

713197 5 9233 

7w97 10 9639 

7H 8197 20 11182 

?/2&W 30 6558 

AU avmsge TKN valuer arc u;prersed in milligrams per kilogram 

Monday, sepiemba OS, I997 



NWSC Crane BioFacility Pilot &ale Demonstration 

Compost Recipe Mix 3 

180000 
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Average Daily Windrow TOC Summary Report 

M1X3 6R9i-97 6mx97 1 60366 

7/4/97 5 62942 

7/9197 10 60450 

7/19/97 20 71567 

7R9197 30 63333 
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NWSC Crane BioFacility Pilot ,he Demonstration 

Compost Recipe Mix 3 

Wlndrow Average Total Kjeldahl Nllrogen Concentration (MGIKG) 

16000. 

pooo 

14000. 

11000 

12000. 

11000. 

10000. 

so00 

6000 

7000 

6000 

6000 . 

4000 

3000 

2000 

1000. 

0, 

4 2 3 4 5 0 7 a 9 10 11 12 13 14 15 16 17 IS IS 20 21 22 25 24 25 26 27 28 29 30 3, 

WIndrow Age In Days 

--__-__ - __- 

‘owlson Knudsen Corporation 



Average Daii’ Windrow 7” Srmtma~y Report 

MIX3 6i-29197 6rm9i 1 6532 

7,497 5 7497 

719197 10 6584 

7H 9197 20 6729 

7nw37 30 6090 



NWSC Cranes BioFacility Pilot Scale Demonstration 

Compost Recipe Mix 4 

160000 
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Average Daily Windrow TOC Summary Report 

MIX4 6r28197 &29/97 1 166117 

7m7 5 128617 

7EJ97 10 116625 

7/18/97 20 89950 

7nel97 30 @3325 

AU averge TOC values are eqwessed in miuigram per kilogram 

Mandq, s*ti 0.9, I997 
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NWSC Crane BioFacility Pilot Scale Demonstration 

Compost Recipe Mix 4 
~-____- 

Windrow Average Total Kjeldahl Nitrogen Concenlralion (MGIKG) 
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Mor$son Knudsen Corporation 



Average Daily Windrow Tm Summary Report 
-. 

Windrow Number Consrruction Date Dote Monitored Age (Days) Cometrrmtiorr (MGXG) 

MIX4 6R8/97 6R9197 1 5952 

7m97 5 6505 

718197 10 7955 

7/f&W 20 6901 

7R8/97 30 5093 



NWSC Crane BioFacility Pilot ale Demonstration 

Compost Recipe Mix 5 
__~._..__ 
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Average Dairy Windrow TOC Summary Report 

Windrow Number Consrrucrion Dnre -Dote Morrirored Age (Dqs) Co/lcelrrmriorr (MGKG) 

MIX5 6R9197 E/30/97 1 107908 

7,4/97 5 100125 

719197 10 96358 

7119f37 20 07225 

7nw97 M 87908 

AU avenzge TOC valuer are eqwessed in miffigmms per kilogrnnt 

hfoday, sqncmbu 08, I997 
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NWSC Crane BioFacility Pilot scale Demonstration 

Compost Recipe Mix 5 

-_ 

Wlndrow Average Total Kieldahl Nltragen Concentratton (MGIKG) 

16000. 

16000.. 

I?000 . 

I3000 

12000.. 

11000 

6000. 

4000. 

3000 

2000 -. 

jooo .- 

04 

12 3 4 6 6 7 6 9 10 11 12 13 14 16 16 17 16 19 20 21 22 21 24 25 26 27 26 29 JO ,, 

Windrow Age in Days 

.__-_ ----__ -__-__---~...-.~~-.,.~ ._.. ___ ~. ..~ 

l&son Knudsen Corporation 



Average Daily Windrow TKN Summary Report 

Windrow Number Consrruction date Dare Monitored Ap (Dqs) Concenmuion (MG/h’G) 

MIX5 6R9/97 mo197 1 7330 

7,4/97 5 9467 

?19/97 10 6692 

71,997 20 7203 

7n9/97 30 6105 

_-.. I  .  

Mm&y, Sqamber 041997 



NWSC Crane BioFacility Pilot wale Demonstration 

Compost Recipe Mix 6 
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Average Daily Windrow TOC Summary Report 

MIX6 6129197 6l30197 I 93725 

7/4/w 5 106600 

7/Q/97 10 109308 

,,I 9/w 20 117929 

7n9/97 30 116471 
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NWSC Crane BioFacility Pilc.~ -rcale Demonstration 

Compost Recipe Mix 6 
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Average Daily Windruw TKN Summary Report 

MIX6 6129197 6AOr97 1 8687 

7/4,97 5 13641 

7w97 10 8078 

7/l 9197 20 11609 

7iiw37 30 7693 
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NWSC Crane BioFacility Pilo, scale Demonstration 

Compost Recipe Mix 76 

Wlndrow Average Total Organic Carbon Concentration (MGIKG) 
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Average Daily Windrow TOC Summa y Report 

MIX76 6Rw97 6R9197 1 88717 

713197 5 122167 

?m37 IO 96533 

7/18/97 20 59133 

7128197 30 63933 

AU average TOC values are uprrrscd in milligrams per kilogram 

Mondnp. septemba 0.9.1997 
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NWSC Crane BioFacility Pilot Xale Demonstration 

Compost Recipe Mix 7B 
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Average Daily Windrow T&3 Summary Report 

MIX78 amI &29/97 1 106.50 

713197 5 13993 

7,&97 10 3337 

7118197 20 7436 

7126197 30 6393 
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NWSC Crane BioFacility Pilot &ale Demonstration 

Compost Recipe Mix 7C 
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Average Daily Windrotv TOC Summary Report 

Windrow Number Consrrucrion Dare LEh- Monitored Age (Days) Corrcerrrrario~r (MG/h’G) 

MIX7C S/26/97 6R9/97 1 72542 

7m97 5 71675 

7w97 10 59267 

7,18/97 20 41275 

7126197 30 47X0 

All average TOC values are qwessed in milligram per kilogram 

momduy, sqamdw 08, I997 



NWSC Crane BioFacility Pilot scale Demonstration 

Compost Recipe Mix 7C 
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Wlndrow Average Total KJeldahl Nitrogen Concentration (MGIKG) 
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Average Daily Windrow TRNSummary Report 

Windrow Number 

MIX7C 

Construction Date Date Monitored Age (Days) Concentroriorr (MG/KG) 

mm7 6129197 1 6611 

7m7 5 7244 

liar37 10 7406 

7118197 20 5628 

7mi¶7 30 5349 
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CLEAN SOIL AMBIENT 

TEMPERATURE AND HUMIDITY 

NSWC Crane 
SWMU 33/00. Bioremediation Facility 
Pilot-Scale Treatability Test Repon H-l 04/14/98 



APPENDIX H 
TABLE OF CONTENTS 

DESCRIPTION NO. PAGES 

CLEAN SOIL AMBIENT TEMPERATURE AND HUMIDITY 2 pages 

NSWC Crane 
SWMU 33/00, Bioremediation Facility 
Pilot-Scale Treatability Test Report H-2 04/l 4/98 



NWSC Cran.e BioFacility Pile. &ale Demonstration 

Wlndrow Average Dally Ambient Temperature 
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NWSC Crane BioFacility f--llot Scale Demonstration 

Wlndrow Average Daily Percent Humidity 
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APPENDIX I
CONTAMINATED SOIL RECORD OF RECIPE

NSWC  crane
SWMU 33100.  Bioremediation  Facility
Pilot-Scale Treatability  Test RUDDY: 03lozl9r



APPENDIX I
TABLE OF CONTENTS

DESCRIPTION NO. PAGES

CONTAMINATED SOIL RECORD OF RECIPE 7 pages

NSWC  :rane
SWMU  33/00.  Bioremediation Faciliiy
Piiot-Scale  Treatability Test  !?eooe. l-2 09/02/98





I

RECORD OF RECIPE
RECIPE # 3 (Bldg 2) PERFORMED BY: JX Dayhoff

DATE: 9/19/97 INSPECTED BY: T. Dogal

BATCH 1
ACTUAL QUANTITY

4.9 1400

5 2000

100 Ibs.

BATCH 2 BATCH 2 2
CTUAL QUANTITY ACTUAL QUANTITY

mbit pounds cubic pounds
r d s vards

k-j-l-j  ‘ 5 . 2  ( 5 4 0 0

TOTAL
CTUAL  QUANTITY

iypz-

?=

15.3 15350

15 32600

60.9 1 5 9 6 0 0

Supplier

D. Benham-
Purdue Farms
Dayhoff Farms

Dayhoff Fatms

Kaho Brothers

NSWC Crane

total
I

Comrgents: Water  600  Ibs.





,

RECORD OF RECIPE
RECIPE # 5 (BIda  2)

DATE: 9109197

F.-K

Turkey Manure

Chicken Manure

Cow Manure

POTW Sludge

Vegetable  waste

Alfalfa

straw
Woqd Chips

Sawdust

S o i l

Tota l

Comments :

15.45 1 2 0 9 71 2 0 9 7

6~45 9 6 7 5

1155 3 2 4 63 2 4 6

11.55 4 7 3 64 7 3 6

BATCH 1
ACTUAL QUANTITY

YizJxz-

5 . 25 . 2 5550

PERFORMED BY: R. Dayhoff

INSPECTED BY: T. Doaal

BATCH 2 I BATCH 2 3
4CTUAL QUANTITY

TOTAL
4CTUAL QUANTITY Supplier

cubic
yards

pounds

(11  Dayhoff Fa rms

Frito Lay Co/
Kambach Feeds

Dayhoff  Farms

60.1  I 7 2 9 2 0  7 2 9 2 0  I I II I I   NSWCCraneNSWCCrane





I

BL.oGO  2._~-__-..,~~
RECORD OF RECIPE

PERFORMED BY:

P0TW  Sludge

A/ood  Clh

;,=I--;;;?  c,“,“d”,
q 05 2

‘,

---
---.3iD 63-I  z

I - 1

pounds

I’ qAz?c!
- -

-

INSPECTED BY: &%?q
R-

BATCH 2 BATCH 2 3 TOTAL
ACTUAL QUANTITY ACTUAL QUANTITY ACTUAL QUANTITY ‘B-Tm 4

cubic I pounds cubic pounds cubic pounds

yards yards ( yards I I

I II I I I I II

-I-l--l1lilt-----

cL(

2,

c
I

G-G



RECORD OF RECIPE
RECIPE # 8 lBldg  3) PERFORMED BY: R. Dayhoff

DATE: 9108197 INSPECTED BY: T. Doaal

TOtal 111  50 6 1 3 3 6

Comments: Batch #I:  70 gal. 560 #waler added

BATCH 1 BATCH 2

ACTUAL QUANTITY ACTUAL QUANTITY

XkJ-Gz 7

21

I

3 0 0 0

2 . 0 3 0 0 0

4=10.0 1700

-I -
15.6 10100

1.5 2 2 0 0

1.6 2 3 0 0

2.2 3 6 0 0

9 . 5 1 6 0 0

1.50 9 7 0 0

BATCH 2 9

ACTUAL QUANTITY

1.5 2 4 0 0

3.0 4 5 0 0

2~3 3 6 0 0

9.5 1 8 0 0

16.3 1 2 5 0 0

Kambach Feeds

Dayhoff Farms

NSWC Crane

Batch #2:  100 gal - 6OMI  water added
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APPENDIX J

CONTAMINATED SOIL TEMPERATURE

NSWC Crane
SWMU 33/00,  Elioremediation  Facility
Pilot-Scale Treatabil i ty Test Report J-l 04/I 4/98



APPENDIX J
TABLE OF CONTENTS

DESCRIPTION NO. PAGES

CONTAMINATED SOIL TEMPERATURE 14 pages

-

NSWC Crane
SWMU 33/00.  Bioremediation Facility
Pilot-Scale Treatability Test Report J-2 04/14/98
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Average Daily Windrow  Temperature Summary Report
Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (Deg C) POST-Turn (Deg C)

MIX1MIX1 1 0 1 9 1 9 71 0 1 9 1 9 7 1 0 1 9 1 9 71 0 1 9 1 9 7 00

1 0 1 1 0 / 9 71 0 1 1 0 / 9 7 11

,0 / 1 1 / 9 7, 0 / 1 1 / 9 7 22

1 0 / 1 2 / 9 71 0 / 1 2 / 9 7 33

11  O / lO / l   3 1 9 73 1 9 7 44

1 0 1 1 4 1 9 71 0 1 1 4 1 9 7 55

I O / 1 5 1 9 7I O / 1 5 1 9 7 66

1 0 1 1 6 1 9 71 0 1 1 6 1 9 7 77

, 0 , 1 7 , 9 7, 0 , 1 7 , 9 7 88

11  O / lO / l   B / 9 7B / 9 7 99

11  O / lO / l  9 1 9 7 9 1 9 7 1 01 0

11  o/ 2 0 / 9 7o / 2 0 / 9 7 1 11 1

1 0 / 2 1 / 9 71 0 / 2 1 / 9 7 1 21 2

11  o/ 2 2 / 9 7o / 2 2 / 9 7 1 31 3

1 0 1 2 3 1 9 71 0 1 2 3 1 9 7 1 41 4

11  o/ 2 4 , 9 7o / 2 4 , 9 7 1 51 5

1 0 1 2 5 1 9 71 0 1 2 5 1 9 7 1 61 6

1 0 1 2 6 1 9 71 0 1 2 6 1 9 7 1 71 7

1 0 1 2 7 1 9 71 0 1 2 7 1 9 7 1 81 8

1 0 / 2 8 / 9 71 0 / 2 8 / 9 7 1 91 9

1  1  o / 2 9 / 9 7o / 2 9 / 9 7 2 02 0

11  o/ 3 0 / 9 7o / 3 0 / 9 7 2 12 1

1 0 / 3 1 / 9 71 0 / 3 1 / 9 7 2 22 2

1 1 1 , 1 9 71 1 1 , 1 9 7 2 32 3

1 11 1   / z / 9 7/ z / 9 7 2 42 4

, I, I   / 3 , 9 7/ 3 , 9 7 2 52 5

11  l/ 4 / 9 7l / 4 / 9 7 2 62 6

1 1 / 5 / 9 71 1 / 5 / 9 7 2 72 7

, , I 6 1 9 7, , I 6 1 9 7 2 82 8

11  l/ 7 / 9 7l / 7 / 9 7 2 92 9

1 1 1 8 1 9 71 1 1 8 1 9 7 3 03 0
11  l/ 9 / 9 7l / 9 / 9 7 3 13 1

1 1 1 1 0 1 9 71 1 1 1 0 1 9 7 3 23 2

11  l / 1l / 1   l / 9 7l / 9 7 3 33 3

1 1 , 1 2 / 9 71 1 , 1 2 / 9 7 3 43 4

1 1 1 1 3 1 9 71 1 1 1 3 1 9 7 3 53 5

2 9 . 0 02 9 . 0 0

3 2 . 6 33 2 . 6 3

3 5 . 1 33 5 . 1 3

3 7 . 5 83 7 . 5 8

3 6 . 0 43 6 . 0 4

3 1 . 9 63 1 . 9 6

3 6 . 0 83 6 . 0 8

3 7 . 6 73 7 . 6 7

3 9 . 2 93 9 . 2 9

3 9 . 7 93 9 . 7 9

4 0 . 7 54 0 . 7 5

4 2 . 5 84 2 . 5 8

4 2 . 6 74 2 . 6 7

4 1 . 1 74 1 . 1 7

4 2 . 9 24 2 . 9 2

4 1 . 4 64 1 . 4 6

4 3 . 1 74 3 . 1 7

4 4 . 0 44 4 . 0 4

4 2 . 9 64 2 . 9 6

3 8 . 4 23 8 . 4 2

3 3 . 1 33 3 . 1 3

3 4 . 6 73 4 . 6 7

3 5 . 2 53 5 . 2 5

3 5 . 7 93 5 . 7 9

3 8 . 3 33 8 . 3 3

3 4 . 1 33 4 . 1 3

3 2 . 5 03 2 . 5 0

3 3 . 5 83 3 . 5 8

3 0 . 1 73 0 . 1 7

2 6 . 7 92 6 . 7 9
3 0 . 6 43 0 . 6 4

2 9 . 0 02 9 . 0 0

2 9 . 8 82 9 . 8 8
2 9 . 2 52 9 . 2 5

2 8 . 2 12 8 . 2 1

2 4 . 1 32 4 . 1 3

2 8 . 5 42 8 . 5 4

2 9 . 7 92 9 . 7 9

3 2 . 2 53 2 . 2 5

3 4 . 0 83 4 . 0 8

3 2 . 0 03 2 . 0 0

3 1 . 5 03 1 . 5 0

3 1 . 7 13 1 . 7 1

3 1 . 8 33 1 . 8 3

3 5 . 7 13 5 . 7 1

3 3 . 0 43 3 . 0 4

3 5 . 8 33 5 . 8 3
3 7 . 7 53 7 . 7 5

3 7 . 4 23 7 . 4 2

3 5 . 2 93 5 . 2 9

3 6 . 0 43 6 . 0 4

3 5 . 3 83 5 . 3 8

3 6 . 1 73 6 . 1 7

3 4 . 9 63 4 . 9 6

3 4 . 1 33 4 . 1 3

3 3 . 1 33 3 . 1 3

3 0 . 7 93 0 . 7 9

2 8 . 5 82 8 . 5 8

3 0 . 7 13 0 . 7 1

3 0 . 3 33 0 . 3 3

28.8828.88

2 7 . 7 92 7 . 7 9

2 8 . 3 32 8 . 3 3

2 8 . 9 62 8 . 9 6

2 8 . 3 82 8 . 3 8

2 4 . 3 32 4 . 3 3

2 3 . 8 82 3 . 8 8

2 2 . 5 42 2 . 5 4

2 6 . 4 22 6 . 4 2

2 3 . 9 22 3 . 9 2

2 2 . 4 62 2 . 4 6

-.

-

AN average temperatures are in degrees centigrade
February IO, 1998
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 3 Constructed September 9, 1997

Windrow  Average Dai ly  Temperatures
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Average Da&  Windrow  Temperature Summary Report
Windrow Number

M I X 3M I X 3

Construction Date Date Monitored Age (Days) PRE-Turn (Deg C) POST-Turn (Deg C)

9 1 9 1 9 79 1 9 1 9 7 9 1 9 1 9 79 1 9 1 9 7 00

9 / l9 / l   o / 9 7o / 9 7 11

9 / 19 / 1   f / 9 7f / 9 7 22

9 / ,9 / ,   z / 9 7z / 9 7 33

9 , 1 3 / 9 79 , 1 3 / 9 7 44

g / 1 4 / 9 7g / 1 4 / 9 7 55

9 / l9 / l  5 1 9 7 5 1 9 7 55

9 , 1 6 / 9 79 , 1 6 / 9 7 77

9 / f9 / f  7 1 9 7 7 1 9 7 88

9 , 1 8 / 9 79 , 1 8 / 9 7 99

9 , , 9 / 9 79 , , 9 / 9 7 1 01 0
9 1 2 0 1 9 79 1 2 0 1 9 7 1 11 1

9 / 2 1 / 9 79 / 2 1 / 9 7 1 21 2

g / 2 2 1 9 7g / 2 2 1 9 7 1 31 3

9 1 2 3 1 9 79 1 2 3 1 9 7 7 47 4

9 1 2 4 1 9 79 1 2 4 1 9 7 1 51 5

g / 2 5 / 9 7g / 2 5 / 9 7 1 61 6

9 1 2 6 1 9 79 1 2 6 1 9 7 1 71 7

9 1 2 7 1 9 79 1 2 7 1 9 7 1 81 8

9 / 2 8 / 9 79 / 2 8 / 9 7 1 91 9

g / 2 9 / 9 7g / 2 9 / 9 7 2 02 0

g / 3 0 1 9 7g / 3 0 1 9 7 2 12 1

l O l 1 1 9 7l O l 1 1 9 7 2 22 2

1 0 1 2 1 9 71 0 1 2 1 9 7 2 32 3

11  on/97on/97 2 42 4

1 0 1 4 / 9 71 0 1 4 / 9 7 2 52 5
11  o/ 5 / 9 7o / 5 / 9 7 2 62 6

11  O/ 6 / 9 7O / 6 / 9 7 2 72 7

< o / 7 / 9 7< o / 7 / 9 7 2 82 8

II 0 1 8 1 9 7 0 1 8 1 9 7 2 92 9

11  o/ 9 1 9 7o / 9 1 9 7 3 03 0

11  O i lO i l   o / 9 7o / 9 7 3 13 1
l O i ,l O i ,   l/ 9 7l / 9 7 3 23 2

1 0 1 1 2 1 9 71 0 1 1 2 1 9 7 3 33 3

11  o / 1o / 1   3 / 9 73 / 9 7 3 43 4
11  o / 1o / 1   4 / 9 74 / 9 7 3 53 5

11  o / 1o / 1  5 1 9 7 5 1 9 7 3 63 6

11  O i lO i l   6 / 9 76 / 9 7 3 73 7

1 0 1 1 7 1 9 71 0 1 1 7 1 9 7 3 83 8

11  O i lO i l   a / 9 7a / 9 7 3 93 9

, 0 , 1 9 / 9 7, 0 , 1 9 / 9 7 4 04 0
1 0 1 2 0 1 9 71 0 1 2 0 1 9 7 4 14 1

1 0 / 2 1 / 9 71 0 / 2 1 / 9 7 4 24 2

1 0 1 2 2 1 9 71 0 1 2 2 1 9 7 4 34 3
1 0 , 2 3 / 9 71 0 , 2 3 / 9 7 4 44 4

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7 4 54 5

3 9 . 5 03 9 . 5 0
5 6 . 2 95 6 . 2 9

5 6 . 5 85 6 . 5 8

5 9 . 2 95 9 . 2 9

6 1 . 8 86 1 . 8 8

6 4 . 3 36 4 . 3 3

6 2 . 9 66 2 . 9 6

6 4 . 2 56 4 . 2 5

5 5 . 7 95 5 . 7 9

5 7 . 1 35 7 . 1 3

6 5 . 7 96 5 . 7 9

6 0 . 4 66 0 . 4 6

5 7 . 2 55 7 . 2 5

5 7 . 3 35 7 . 3 3

5 4 . 3 85 4 . 3 8

5 3 . 0 45 3 . 0 4

5 1 . 8 85 1 . 8 8

5 1 . 2 55 1 . 2 5

5 2 . 3 85 2 . 3 8
4 9 . 3 34 9 . 3 3

4 8 . 1 34 8 . 1 3

4 7 . 8 34 7 . 8 3

4 5 . 2 14 5 . 2 1

4 3 . 1 74 3 . 1 7

4 1 . 7 54 1 . 7 5
4 1 . 4 24 1 . 4 2

4 1 . 8 34 1 . 8 3

4 1 . 1 74 1 . 1 7

3 8 . 7 53 8 . 7 5

3 8 . 7 93 8 . 7 9

3 6 . 8 33 6 . 8 3

3 7 . 9 63 7 . 9 6

3 3 . 9 63 3 . 9 6

3 5 . 2 53 5 . 2 5

3 1 . 7 93 1 . 7 9

2 7 . 5 82 7 . 5 8

2 5 . 7 92 5 . 7 9

2 4 . 4 62 4 . 4 6

2 5 . 5 82 5 . 5 8

2 2 . 5 42 2 . 5 4

2 2 . 8 32 2 . 8 3

2 2 . 1 72 2 . 1 7

2 1 . 8 82 1 . 8 8

2 0 . 1 72 0 . 1 7
2 1 . 5 02 1 . 5 0

3 1 . 0 43 1 . 0 4

40,7940,79

4 0 . 9 24 0 . 9 2

4 9 . 4 24 9 . 4 2

5 2 . 6 75 2 . 6 7

5 3 . 0 85 3 . 0 8

5 6 . 9 15 6 . 9 1

5 4 2 95 4 2 9

6 4 . 7 56 4 . 7 5

5 2 . 8 35 2 . 8 3

5 3 . 2 55 3 . 2 5

5 6 . 7 95 6 . 7 9

5 3 . 0 85 3 . 0 8

5 1 . 7 55 1 . 7 5

5 7 . 9 65 7 . 9 6

4 9 . 5 44 9 . 5 4

4 9 . 6 74 9 . 6 7

4 7 . 4 24 7 . 4 2

4 7 . 5 04 7 . 5 0

4 6 . 7 54 6 . 7 5

4 3 . 0 44 3 . 0 4

4 4 . 0 44 4 . 0 4

4 2 . 3 34 2 . 3 3

3 7 . 6 33 7 . 6 3

3 7 . 9 23 7 . 9 2

3 6 . 7 93 6 . 7 9

3 6 . 4 23 6 . 4 2

3 7 . 2 93 7 . 2 9

3 5 . 8 33 5 . 8 3
3 6 . 1 33 6 . 1 3

3 6 . 5 83 6 . 5 8

3 6 . 4 63 6 . 4 6
3 2 . 2 13 2 . 2 1

3 1 . 7 93 1 . 7 9

3 0 . 5 03 0 . 5 0

2 9 . 0 82 9 . 0 8

2 6 . 4 62 6 . 4 6

2 4 . 0 02 4 . 0 0

2 2 . 9 62 2 . 9 6

2 4 . 3 82 4 . 3 8

2 3 . 1 32 3 . 1 3

2 1 . 3 32 1 . 3 3

2 0 . 9 62 0 . 9 6

2 1 . 9 22 1 . 9 2

2 0 . 3 82 0 . 3 8

2 0 . 0 42 0 . 0 4

_-

AN average temperatures are in degrees centigrade
February l&1998



NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 4 Constructed September 8, 1997

Windrow  Average Daily Temperatures

Windrow  Age in Cays

Morrison Knudsen Corporation



-Average Daily Windrow Temperature Summary Report
Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (Deg C) POST-Turn (Deg CL

M I X 4M I X 4 9 1 8 1 9 79 1 8 1 9 7 '.'. -- 9 1 8 1 9 79 1 8 1 9 7

g / 9 / 9 7g / 9 / 9 7

9 / 1 0 1 9 79 / 1 0 1 9 7

9 / 1 1 , 9 79 / 1 1 , 9 7

9 1 19 1 1   z / 9 7z / 9 7

9 1 1 3 1 9 79 1 1 3 1 9 7

9 1 1 4 1 9 79 1 1 4 1 9 7
g / 1 5 1 9 7g / 1 5 1 9 7

9 / 1 6 / 9 79 / 1 6 / 9 7

9/,7/w9/,7/w

9 , 1 8 / 9 79 , 1 8 / 9 7

9 / T9 / T   9 / 9 79 / 9 7

9 / 2 0 / 9 79 / 2 0 / 9 7

9 / 2 1 1 9 79 / 2 1 1 9 7

g / 2 2 / 9 7g / 2 2 / 9 7

g / 2 3 / 9 7g / 2 3 / 9 7
9 1 2 4 1 9 79 1 2 4 1 9 7

9 1 2 5 1 9 79 1 2 5 1 9 7

g / 2 5 / 9 7g / 2 5 / 9 7

g / 2 7 / 9 7g / 2 7 / 9 7

g / 2 8 / 9 7g / 2 8 / 9 7

g / 2 9 / 9 7g / 2 9 / 9 7
9 , 3 0 / 9 79 , 3 0 / 9 7

1 0 , 1 / 9 71 0 , 1 / 9 7

11  o/ 2 / 9 7o / 2 / 9 7

1 0 1 3 1 9 71 0 1 3 1 9 7

1 0 1 4 1 9 71 0 1 4 1 9 7

11  o/ 5 / 9 7o / 5 / 9 7

11   O / 6 / 9 7O / 6 / 9 7

1 0 1 7 1 9 71 0 1 7 1 9 7

1 0 , 8 / 9 71 0 , 8 / 9 7

11  o/ 9 / 9 7o / 9 / 9 7

I O / 1 0 1 9 7I O / 1 0 1 9 7

11  O i lO i l   1 1 9 71 1 9 7
I O / 1 2 1 9 7I O / 1 2 1 9 7

,OH,OH   3/ 9 73 / 9 7

1 0 , 1 4 / 9 71 0 , 1 4 / 9 7

1 0 1 1 5 / 9 71 0 1 1 5 / 9 7

1  1  O i lO i l  6 1 9 7 6 1 9 7

I O / 1 7 1 9 7I O / 1 7 1 9 7
I O / t 8 1 9 7I O / t 8 1 9 7

1  1  O / lO / l   9 / 9 79 / 9 7

1 0 1 2 O l 9 71 0 1 2 O l 9 7
1 0 / 2 1 1 9 71 0 / 2 1 1 9 7

1 0 , 2 2 , 9 71 0 , 2 2 , 9 7

11  o/ 2 3 / 9 7o / 2 3 / 9 7

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7

10,25/W10,25/W

1 0 / 2 6 / 9 71 0 / 2 6 / 9 7
11  o/ 2 7 1 9 7o / 2 7 1 9 7

1 0 / 2 8 / 9 71 0 / 2 8 / 9 7

1 0 1 2 9 1 9 71 0 1 2 9 1 9 7
I O / 3 0 1 9 7I O / 3 0 1 9 7

1 0 1 3 1 1 9 71 0 1 3 1 1 9 7

All  average temperatures are in degrees centigrade
February IO, 1998
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1 01 0

1 11 1
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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

2 72 7

2828

2 92 9

3 03 0

3 13 1

3 23 2

3 33 3
3 43 4

3 53 5

3 63 6

3 73 7

3 63 6

3 93 9
4 04 0

4 14 1

4 24 2

4 34 3

4 44 4

4 54 5

4 64 6
4 74 7

4 64 6
4 94 9

5 05 0

5 15 1
5 25 2

5 35 3

4 1 . 9 24 1 . 9 2

4 4 . 0 04 4 . 0 0

4 4 2 94 4 2 9

4 3 . 1 74 3 . 1 7

4 1 . 9 64 1 . 9 6

4 2 . 3 04 2 . 3 0

4 3 , 4 64 3 , 4 6

4 5 . 7 04 5 . 7 0

4 6 . 3 34 6 . 3 3

4 7 . 2 54 7 . 2 5

4 9 . 7 14 9 . 7 1

5 4 . 2 15 4 . 2 1

5 4 . 5 05 4 . 5 0

5 5 . 5 65 5 . 5 6

5 9 . 2 55 9 . 2 5
5 4 . 8 65 4 . 8 6

5 6 . 2 15 6 . 2 1

5 7 . 6 35 7 . 6 3

5 8 . 3 35 8 . 3 3

6 1 . 6 36 1 . 6 3

6 2 . 6 76 2 . 6 7
6 4 . 7 56 4 . 7 5

5 9 . 2 95 9 . 2 9

5 6 . 6 35 6 . 6 3
5 7 , 5 05 7 , 5 0

6 4 . 2 16 4 . 2 1

6 4 . 8 36 4 . 8 3

61.3861.38

6 3 . 2 56 3 . 2 5

6 1 . 1 76 1 . 1 7

56.1756.17

5 5 . 9 25 5 . 9 2

5 7 . 0 05 7 . 0 0

5 5 . 2 15 5 . 2 1
5 8 . 0 45 8 . 0 4

5 4 . 7 95 4 . 7 9

5 5 . 1 35 5 . 1 3

5 2 . 4 65 2 . 4 6

4 6 . 0 84 6 . 0 8

5 0 . 9 25 0 . 9 2
5 0 . 9 25 0 . 9 2

5 1 . 0 85 1 . 0 8

4 8 . 4 64 8 . 4 6

4 7 . 6 74 7 . 6 7

4 2 . 4 24 2 . 4 2

4 3 . 0 04 3 . 0 0

4 4 . 6 34 4 . 6 3

4 4 . 6 74 4 . 6 7
4 4 . 0 44 4 . 0 4

4 0 . 9 64 0 . 9 6

3 8 . 5 43 8 . 5 4
3 1 . 3 83 1 . 3 8

3 0 . 4 63 0 . 4 6

3 2 . 3 63 2 . 3 6

3 9 . 2 93 9 . 2 9

4 1 . 3 84 1 . 3 8

4 2 . 5 04 2 . 5 0

4 0 . 2 54 0 . 2 5

4 0 . 3 64 0 . 3 6

3 9 . 8 33 9 . 8 3

4 2 . 7 94 2 . 7 9

4 3 . 9 24 3 . 9 2

4 2 . 6 64 2 . 6 6

5 3 . 3 85 3 . 3 8

4 6 . 9 64 6 . 9 6

5 9 . 6 75 9 . 6 7

5 0 . 1 35 0 . 1 3

5 0 . 9 25 0 . 9 2

5 1 . 2 15 1 . 2 1

5 1 . 2 15 1 . 2 1

5 0 . 3 85 0 . 3 8

5 2 . 2 15 2 . 2 1
5 2 . 0 45 2 . 0 4

5 2 . 7 15 2 . 7 1

5 3 . 7 55 3 . 7 5
5 5 . 0 85 5 . 0 8

5 0 . 6 35 0 . 6 3

5 2 . 2 55 2 . 2 5 .-
5 2 . 7 55 2 . 7 5

5 5 . 0 45 5 . 0 4

5 6 . 7 15 6 . 7 1

5 7 . 5 05 7 . 5 0

5 3 . 5 85 3 . 5 8

5 3 . 3 65 3 . 3 6

5 2 . 3 35 2 . 3 3

5 3 . 8 35 3 . 8 3

5 1 . 6 05 1 . 6 0
5 3 . 1 35 3 . 1 3

4 9 . 2 54 9 . 2 5

4 1 . 7 14 1 . 7 1

5 0 . 2 95 0 . 2 9

4 3 . 3 34 3 . 3 3

4 4 . 3 84 4 . 3 8
4 7 . 7 94 7 . 7 9

4 7 . 5 04 7 . 5 0

4 3 . 7 94 3 . 7 9

4 5 . 9 24 5 . 9 2

4 3 . 2 94 3 . 2 9

4 0 . 3 34 0 . 3 3

4 4 . 2 94 4 . 2 9

4 0 . 4 64 0 . 4 6

3 6 . 5 83 6 . 5 8
3 7 . 0 63 7 . 0 6

3 3 . 5 03 3 . 5 0

3 0 . 9 63 0 . 9 6
2 7 . 1 72 7 . 1 7

3 0 . 1 73 0 . 1 7
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 5 Constructed September 10, 1997

WindrowWindrow  A v e r a g e  D a i l y  T e m p e r a t u r e s A v e r a g e  D a i l y  T e m p e r a t u r e s

R a n g eR a n g e

Mesophilic

Morrison Knudsen Corporation



Average Daily Windrow Temperature Summary Report
Windrow  Number

MIX5

Construction Date Date Monitored Age (Dqs)  PRE-Turn (Deg C) POST-Turn (Deg 0

9 1 1 0 1 9 79 1 1 0 1 9 7 9110197
9 1 1 , 1 9 79 1 1 , 1 9 7

9 1 19 1 1   z i g 7z i g 7

9 / l9 / l   3 1 9 73 1 9 7

g / 1 4 / 9 7g / 1 4 / 9 7

g / 1 5 / 9 7g / 1 5 / 9 7

9 / 1 6 / 9 79 / 1 6 / 9 7
9 1 1 7 1 9 79 1 1 7 1 9 7

9 / 1 6 1 9 79 / 1 6 1 9 7

9 / 1 9 / 9 79 / 1 9 / 9 7
9 / 2 0 / 9 79 / 2 0 / 9 7

9 / 2 1 , 9 79 / 2 1 , 9 7

9/z/979/z/97
9 / 2 3 , 9 79 / 2 3 , 9 7

9 , 2 4 / 9 79 , 2 4 / 9 7

9 1 2 5 1 9 79 1 2 5 1 9 7

9 / 2 6 / 9 79 / 2 6 / 9 7

9 1 2 7 1 9 79 1 2 7 1 9 7

9 / 2 6 / 9 79 / 2 6 / 9 7

9 , 2 9 / 9 79 , 2 9 / 9 7

9 / 3 0 / 9 79 / 3 0 / 9 7

I O / , / 9 7I O / , / 9 7

1  1  o / 2 / 9 7o / 2 / 9 7

1 0 1 3 1 9 71 0 1 3 1 9 7

1 0 , 4 / 9 71 0 , 4 / 9 7

1 0 , 5 / 9 71 0 , 5 / 9 7

11  O/ 6 / 9 7O / 6 / 9 7

1 0 , 7 / 9 71 0 , 7 / 9 7

1 0 1 6 1 9 71 0 1 6 1 9 7

1 0 1 9 1 9 71 0 1 9 1 9 7

1 0 1 1 0 1 9 71 0 1 1 0 1 9 7
t o , 1 1 1 9 7t o , 1 1 1 9 7

1 0 / 1 2 / 9 71 0 / 1 2 / 9 7

1 0 / 1 3 / 9 71 0 / 1 3 / 9 7

1 0 , 1 4 / 9 71 0 , 1 4 / 9 7

1 0 / 1 5 / 9 71 0 / 1 5 / 9 7

1  O i l  1  O i l  6 / 9 76 / 9 7
11 O H   O H  7 1 9 77 1 9 7

1 0 / 1 6 / 9 71 0 / 1 6 / 9 7

1 0 , 1 9 / 9 71 0 , 1 9 / 9 7

1 0 1 2 0 / 9 71 0 1 2 0 / 9 7

1 0 1 2 1 1 9 71 0 1 2 1 1 9 7

1 0 1 2 2 1 9 71 0 1 2 2 1 9 7

1 0 1 2 3 1 9 71 0 1 2 3 1 9 7

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7
I O / 2 5 1 9 7I O / 2 5 1 9 7

1 0 1 2 6 1 9 71 0 1 2 6 1 9 7

1 0 1 2 7 1 9 71 0 1 2 7 1 9 7

1 0 / 2 6 / 9 71 0 / 2 6 / 9 7

1 0 1 2 9 1 9 71 0 1 2 9 1 9 7

1 0 1 3 0 1 9 71 0 1 3 0 1 9 7
1 0 1 3 1 1 9 71 0 1 3 1 1 9 7

00

11

22

33

44

55

66

77

66

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

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

3 63 6

3 73 7

3 63 6

3 93 9

4 04 0

4 14 1

4 24 2

4 34 3

4 44 4

4 54 5

4 64 6

4 74 7

4 64 6
4 94 9

5 05 0

5 15 1

4 0 . 5 64 0 . 5 6

4 0 . 6 74 0 . 6 7

4 4 . 5 64 4 . 5 6

4 4 . 0 04 4 . 0 0

4 6 . 5 04 6 . 5 0

4 6 . 3 34 6 . 3 3

4 0 . 6 34 0 . 6 3

4 7 . 9 64 7 . 9 6

5 0 . 1 35 0 . 1 3
5 4 . 5 65 4 . 5 6

5 5 . 3 65 5 . 3 6

5 4 . 4 65 4 . 4 6

5 6 . 7 15 6 . 7 1

5 6 . 1 35 6 . 1 3

5 3 . 7 95 3 . 7 9
5 4 . 1 75 4 . 1 7

5 5 , 5 05 5 , 5 0

5 7 . 0 65 7 . 0 6

5 3 . 5 45 3 . 5 4

5 7 . 0 45 7 . 0 4

5 5 . 6 65 5 . 6 6

5 4 . 4 25 4 . 4 2

5 4 , 5 65 4 , 5 6

5 5 . 9 65 5 . 9 6

5 6 . 6 35 6 . 6 3

5 0 . 9 65 0 . 9 6

4 9 . 6 34 9 . 6 3

5 2 . 3 65 2 . 3 6

4 9 . 3 64 9 . 3 6

4 6 . 6 34 6 . 6 3

4 9 . 3 84 9 . 3 8

4 9 . 3 34 9 . 3 3

4 7 . 0 64 7 . 0 6

4 6 . 2 94 6 . 2 9

4 4 . 6 64 4 . 6 6

4 2 . 1 34 2 . 1 3

4 0 . 7 14 0 . 7 1

4 3 . 0 04 3 . 0 0

4 0 . 3 34 0 . 3 3

3 7 . 6 63 7 . 6 6

3 7 . 0 03 7 . 0 0

3 1 , 7 13 1 , 7 1

2 6 . 2 92 6 . 2 9

2 6 . 6 32 6 . 6 3

2 9 . 4 62 9 . 4 6

2 7 . 2 12 7 . 2 1

2 4 . 5 02 4 . 5 0

2 3 . 0 62 3 . 0 6

2 0 . 7 92 0 . 7 9
1 7 . 4 21 7 . 4 2

1 5 . 9 21 5 . 9 2

3 6 . 1 33 6 . 1 3

3 9 . 5 43 9 . 5 4

3 6 . 6 63 6 . 6 6

4 1 . 5 44 1 . 5 4

4 2 . 1 74 2 . 1 7

4 4 . 7 14 4 . 7 1

4 5 . 2 14 5 . 2 1
4 5 . 5 44 5 . 5 4

4 6 . 4 24 6 . 4 2

4 7 . 6 34 7 . 6 3
5 0 . 7 95 0 . 7 9

4 9 . 5 44 9 . 5 4

5 0 . 6 85 0 . 6 8

6 3 . 0 66 3 . 0 6

5 0 . 2 95 0 . 2 9

5 1 . 2 15 1 . 2 1

5 1 . 5 05 1 . 5 0

5 1 , 3 65 1 , 3 6

5 1 . 7 95 1 . 7 9

5 1 . 1 75 1 . 1 7

5 2 . 3 35 2 . 3 3

5 2 . 1 75 2 . 1 7

4 9 . 3 64 9 . 3 6

5 0 . 2 55 0 . 2 5

5 0 . 4 25 0 . 4 2

4 6 . 4 24 6 . 4 2

4 7 . 2 14 7 . 2 1

4 4 . 2 54 4 . 2 5

4 6 . 2 94 6 . 2 9

4 5 . 7 94 5 . 7 9

4 5 . 5 44 5 . 5 4
4 3 . 6 34 3 . 6 3

4 2 . 5 64 2 . 5 6

4 2 . 0 64 2 . 0 6

4 3 . 4 64 3 . 4 6

3 9 . 3 33 9 . 3 3

3 7 . 7 13 7 . 7 1
3 5 . 9 63 5 . 9 6

3 4 . 6 63 4 . 6 6

3 4 . 1 73 4 . 1 7

3 2 . 1 73 2 . 1 7

2 9 . 3 32 9 . 3 3

2 9 . 5 42 9 . 5 4

2 6 . 9 62 6 . 9 6

2 9 . 0 62 9 . 0 6
2 5 . 6 82 5 . 6 8

2 4 . 6 32 4 . 6 3

2 1 . 0 02 1 . 0 0

2 0 . 5 62 0 . 5 6

1 9 . 2 51 9 . 2 5

1 5 . 6 71 5 . 6 7

1 6 . 2 11 6 . 2 1

AN average temperatures are in degrees centigrade
February IO,1998
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 7A Constructed September 9,1997

Windrow  Average Daily Temperatures

Morrison Knudsen Corporation



Average Daily Windrow Temperature Summary Report
Windrow Number

MIWA

Construction Date Date Monitored Age (Days) PRE-Turn  (Deg C) POST-Turn (Deg C)

9,919,  -1’ 919197
9 / 1 0 1 9 79 / 1 0 1 9 7
9 1 1 , 1 9 79 1 1 , 1 9 7

9 1 1 2 1 9 79 1 1 2 1 9 7

9 / l9 / l  3 1 9 7 3 1 9 7

9 / l9 / l   4 1 9 74 1 9 7

9 1 19 1 1   S / 9 7S / 9 7

9 / 1 6 / 9 79 / 1 6 / 9 7

9 1 1 7 1 9 79 1 1 7 1 9 7

9 , 1 8 / 9 79 , 1 8 / 9 7

9 1 1 9 / 9 79 1 1 9 / 9 7

g / 2 0 / 9 7g / 2 0 / 9 7

9 , 2 1 / 9 79 , 2 1 / 9 7

9 / 2 2 / 9 79 / 2 2 / 9 7

g / 2 3 / 9 7g / 2 3 / 9 7

g / 2 4 / 9 7g / 2 4 / 9 7

g / 2 5 / 9 7g / 2 5 / 9 7

9 / 2 6 / 9 79 / 2 6 / 9 7

9 1 2 7 1 9 79 1 2 7 1 9 7

9 / 2 8 1 9 79 / 2 8 1 9 7

9 , 2 9 / 9 79 , 2 9 / 9 7

g / 3 0 / 9 7g / 3 0 / 9 7

1 0 1 1 1 9 71 0 1 1 1 9 7

1 0 1 2 1 9 71 0 1 2 1 9 7

11  o/ 3 / 9 7o / 3 / 9 7

1 0 / 4 / 9 71 0 / 4 / 9 7

1 0 / 5 / 9 71 0 / 5 / 9 7

1 0 1 6 1 9 71 0 1 6 1 9 7

11  o/ 7 1 9 7o / 7 1 9 7

1 0 1 8 1 9 71 0 1 8 1 9 7

1 0 1 9 1 9 71 0 1 9 1 9 7
11  O i lO i l   o / 9 7o / 9 7

l O i 1l O i 1   11 9 71 1 9 7

1  1  o / 1o / 1  2 1 9 7 2 1 9 7
I O / 1 3 1 9 7I O / 1 3 1 9 7

1  1  O i lO i l  4 1 9 7 4 1 9 7

1 0 1 1 5 1 9 71 0 1 1 5 1 9 7
1  O H  1  O H  6 1 9 76 1 9 7

1 0 1 1 7 1 9 71 0 1 1 7 1 9 7

11  o / 1o / 1   8 / 9 78 / 9 7

1 0 1 1 9 l 9 71 0 1 1 9 l 9 7

1 0 1 2 0 1 9 71 0 1 2 0 1 9 7

1 0 1 2 1 1 9 71 0 1 2 1 1 9 7

1 0 1 2 2 / 9 71 0 1 2 2 / 9 7

1 0 1 2 3 1 9 71 0 1 2 3 1 9 7

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7

00

11

22

33

44

55

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

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

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

3 63 6
3 73 7

3 63 6

3 93 9
4 04 0

4 14 1

4 24 2

4 34 3

4 44 4

4 54 5

5 6 . 0 05 6 . 0 0

6 2 . 3 36 2 . 3 3

6 1 . 9 26 1 . 9 2

6 6 . 0 46 6 . 0 4

6 2 . 0 06 2 . 0 0

6 2 . 7 16 2 . 7 1

6 2 . 1 36 2 . 1 3

6 8 . 5 86 8 . 5 8
6 4 . 1 76 4 . 1 7

6 1 . 5 46 1 . 5 4
6 7 . 5 06 7 . 5 0

6 2 . 2 16 2 . 2 1

5 9 . 7 95 9 . 7 9
5 6 , 6 35 6 , 6 3

5 2 . 0 05 2 . 0 0

5 1 . 6 35 1 . 6 3
4 9 . 7 14 9 . 7 1

4 9 . 5 84 9 . 5 8

4 9 . 2 94 9 . 2 9

4 7 . 6 34 7 . 6 3

5 2 . 2 55 2 . 2 5

4 7 . 2 14 7 . 2 1

4 3 . 6 34 3 . 6 3

4 0 . 2 14 0 . 2 1

4 0 . 6 74 0 . 6 7

4 0 . 4 64 0 . 4 6

4 2 . 5 44 2 . 5 4

3 8 . 7 13 8 . 7 1

3 0 . 4 23 0 . 4 2

3 8 . 4 23 8 . 4 2
3 6 . 7 93 6 . 7 9

3 5 . 7 13 5 . 7 1

3 3 . 9 63 3 . 9 6
3 2 . 0 03 2 . 0 0

3 1 . 0 03 1 . 0 0

2 5 . 5 62 5 . 5 6
2 6 . 7 12 6 . 7 1

2 4 . 6 62 4 . 6 6

2 4 . 7 12 4 . 7 1

2 4 . 0 42 4 . 0 4

2 3 . 2 52 3 . 2 5

2 0 . 3 32 0 . 3 3
2 0 . 2 52 0 . 2 5

1 6 . 6 71 6 . 6 7

1 8 . 7 51 8 . 7 5

3 7 . 7 93 7 . 7 9

4 5 . 1 34 5 . 1 3

5 1 . 2 15 1 . 2 1

5 0 . 6 75 0 . 6 7

5 4 . 9 65 4 . 9 6

5 4 . 5 45 4 . 5 4

5 9 . 0 45 9 . 0 4

5 7 . 6 35 7 . 6 3

6 6 . 6 76 6 . 6 7

4 4 . 0 84 4 . 0 8

5 4 . 7 95 4 . 7 9

6 6 . 6 76 6 . 6 7

5 0 . 1 35 0 . 1 3

5 1 ~ 3 95 1 ~ 3 9
4 7 . 1 34 7 . 1 3

4 6 . 2 54 6 . 2 5

4 4 . 2 94 4 . 2 9

4 6 . 0 04 6 . 0 0

4 3 . 3 84 3 . 3 8

4 2 . 0 04 2 . 0 0

4 1 , 2 14 1 , 2 1

4 3 . 5 04 3 . 5 0

3 9 . 6 33 9 . 6 3

3 6 . 0 83 6 . 0 8

3 5 . 6 83 5 . 6 8

3 5 . 2 13 5 . 2 1

3 5 . 6 33 5 . 6 3

3 6 . 0 43 6 . 0 4

3 5 . 5 43 5 . 5 4

3 5 . 0 03 5 . 0 0

3 4 . 5 03 4 . 5 0

3 3 . 9 63 3 . 9 6

3 1 . 6 73 1 . 6 7

3 0 . 2 13 0 . 2 1

2 9 . 4 62 9 . 4 6

2 7 . 5 02 7 . 5 0

26,0426,04

2 2 . 6 72 2 . 6 7

2 1 . 6 82 1 . 6 8

2 3 . 4 62 3 . 4 6

2 2 . 2 92 2 . 2 9

2 0 . 5 02 0 . 5 0

2 0 . 5 02 0 . 5 0

1 9 . 6 31 9 . 6 3

1 6 . 7 51 6 . 7 5

2 0 . 0 02 0 . 0 0

AN average temperatures are in degrees centigrade
February lo,1998
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Average Daily Windrow  Tempezre Summary Report
Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (Deg C) POST-Turn (Deg cl

M I X 7 6M I X 7 6 9 1 1 0 1 9 79 1 1 0 1 9 7 9 1 1 0 1 9 79 1 1 0 1 9 7 00
9 1 1  9 1 1  l / 9 7l / 9 7 11

Q/ 1 2 , 9 7Q / 1 2 , 9 7 22

g / 1 3 / 9 7g / 1 3 / 9 7 33
9 1 1 4 1 9 79 1 1 4 1 9 7 44

9 1 1 5 1 9 79 1 1 5 1 9 7 55

9 / 1 6 , 9 79 / 1 6 , 9 7 66
9 1 1 7 1 9 79 1 1 7 1 9 7 77

9 1 1 8 1 9 79 1 1 8 1 9 7 88

9 1 1 9 1 9 79 1 1 9 1 9 7 99
9 1 2 0 1 9 79 1 2 0 1 9 7 1 01 0

9 1 2 1 1 9 79 1 2 1 1 9 7 1 11 1

9 / 2 2 / 9 79 / 2 2 / 9 7 1 21 2
9 1 2 3 1 9 79 1 2 3 1 9 7 1 31 3

9 1 2 4 1 9 79 1 2 4 1 9 7 1 41 4

g / 2 5 / 9 7g / 2 5 / 9 7 1 51 5

9 1 2 6 / 9 79 1 2 6 / 9 7 1 61 6

9 1 2 7 1 9 79 1 2 7 1 9 7 1 71 7

9 1 2 8 1 9 79 1 2 8 1 9 7 I SI S

g / 2 9 / 9 7g / 2 9 / 9 7 1 91 9

9GO1979GO197 2 02 0

I O / l / 9 7I O / l / 9 7 2 12 1
1 0 , 2 / 9 71 0 , 2 / 9 7 2 22 2

1 0 1 3 1 9 71 0 1 3 1 9 7 2 32 3

1 0 1 4 1 9 71 0 1 4 1 9 7 2 42 4

1 0 1 5 / 9 71 0 1 5 / 9 7 2 52 5

1  1  O / 6 / 9 7O / 6 / 9 7 2 62 6

1 0 1 7 1 9 71 0 1 7 1 9 7 2 72 7

1 0 1 8 1 9 71 0 1 8 1 9 7 2 62 6

1  1  O / 9 / 9 7O / 9 / 9 7 2 92 9

11  O / lO / l  0 1 9 7 0 1 9 7 3 03 0
1 0 1 1 1 1 9 71 0 1 1 1 1 9 7 3 13 1

1 0 / 1 2 / 9 71 0 / 1 2 / 9 7 3 23 2

1 0 1 1 3 1 9 71 0 1 1 3 1 9 7 3 33 3

1 0 1 1 4 / 9 71 0 1 1 4 / 9 7 3 43 4

1 0 1 1 5 1 9 71 0 1 1 5 1 9 7 3 53 5

1 0 1 1 6 1 9 71 0 1 1 6 1 9 7 3 63 6
1 0 / 1 7 / 9 71 0 / 1 7 / 9 7 3 73 7

? 0 / 1 8 , 9 7? 0 / 1 8 , 9 7 3 63 6

1 0 / 1 9 , 9 71 0 / 1 9 , 9 7 3939
1 0 , * 0 / 9 71 0 , * 0 / 9 7 4 04 0

1 0 / 2 1 , 9 71 0 / 2 1 , 9 7 4 14 1

1 0 1 2 2 1 9 71 0 1 2 2 1 9 7 4 24 2

1 0 / 2 3 / 9 71 0 / 2 3 / 9 7 4 34 3

1 0 / 2 4 / 9 71 0 / 2 4 / 9 7 4 44 4

5 5 . 6 75 5 . 6 7

6 1 . 3 86 1 . 3 8

5 7 . 2 55 7 . 2 5

5 0 . 1 75 0 . 1 7

6 1 . 9 66 1 . 9 6

6 2 . 2 56 2 . 2 5
6 8 . 7 96 8 . 7 9

6 2 , 7 16 2 , 7 1

6 6 . 2 16 6 . 2 1

7 0 . 3 37 0 . 3 3

6 6 . 2 56 6 . 2 5

6 7 . 6 76 7 . 6 7
6 7 . 3 66 7 . 3 6

6 5 . 1 36 5 . 1 3

6 4 . 7 56 4 . 7 5

6 5 . 5 46 5 . 5 4

6 3 . 6 36 3 . 6 3

6 2 . 6 36 2 . 6 3

5 9 . 6 35 9 . 6 3

6 4 . 0 86 4 . 0 8

6 1 . 5 46 1 . 5 4

5 7 . 5 05 7 . 5 0
5 4 . 4 65 4 . 4 6

5 9 . 4 65 9 . 4 6

5 9 . 0 45 9 . 0 4

5 3 . 2 15 3 . 2 1

5 3 . 4 25 3 . 4 2

5 4 . 4 65 4 . 4 6

4 9 . 2 14 9 . 2 1

4 6 . 4 64 6 . 4 6

4 5 . 7 54 5 . 7 5

4 3 . 5 64 3 . 5 6

4 3 . 0 04 3 . 0 0

4 1 . 9 24 1 . 9 2

3 8 . 1 73 8 . 1 7

3 5 . 7 53 5 . 7 5
3 5 . 2 53 5 . 2 5

3 2 . 6 33 2 . 6 3

3 0 . 5 03 0 . 5 0
3 1 . 1 73 1 . 1 7

2 9 . 6 32 9 . 6 3

2 9 . 3 32 9 . 3 3
2 4 . 2 92 4 . 2 9

2 4 . 0 02 4 . 0 0

3 7 . 3 53 7 . 3 5

4 7 . 9 24 7 . 9 2

4 9 . 2 14 9 . 2 1

5 3 . 4 25 3 . 4 2

5 5 . 1 35 5 . 1 3

5 6 . 2 15 6 . 2 1

5 5 . 7 65 5 . 7 6

65,5065,50

5 6 . 6 35 6 . 6 3

5 9 . 5 45 9 . 5 4

5 9 . 3 35 9 . 3 3

5 6 . 5 45 6 . 5 4

5 7 . 1 75 7 . 1 7

6 3 . 4 66 3 . 4 6

5 4 . 9 25 4 . 9 2

5 6 . 5 65 6 . 5 6

5 5 . 6 35 5 . 6 3

5 3 . 0 45 3 . 0 4

5 3 . 1 75 3 . 1 7

5 3 , 2 15 3 , 2 1

5 3 . 3 65 3 . 3 6

5 1 . 5 65 1 . 5 6
5 0 . 2 95 0 . 2 9

5 0 . 5 45 0 . 5 4

4 9 . 2 94 9 . 2 9
5 1 . 4 65 1 . 4 6

5 0 . 4 65 0 . 4 6

4 7 . 9 64 7 . 9 6

4 6 . 0 44 6 . 0 4

4 6 . 0 04 6 . 0 0

4 1 . 3 34 1 . 3 3

3 7 . 6 73 7 . 6 7

3 7 . 5 83 7 . 5 8

3 7 . 7 53 7 . 7 5

3 6 . 0 03 6 . 0 0

3 3 . 7 13 3 . 7 1

3 1 . 2 93 1 . 2 9
2 7 . 7 52 7 . 7 5

3 0 . 4 63 0 . 4 6

2 7 . 1 72 7 . 1 7
2 6 . 9 22 6 . 9 2

2 7 . 3 32 7 . 3 3

2 5 . 0 42 5 . 0 4
2 3 . 1 72 3 . 1 7

2 2 . 0 62 2 . 0 6

All average temperatures are in degrees centigrade
February IO,  1998
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Average Daily Windrow  Temperature Summary Report
,,,,.  -  ,_.,,...  “-  .

-

Windrow Number Construction Date Date Monitored Age (Dqvs) PRE-Turn (Deg C) POST-Turn (Deg CL,

33.25M I X 8M I X 8 9w1979w197 9 1 8 1 9 79 1 8 1 9 7

9 1 9 1 9 79 1 9 1 9 7
9 / 1 0 1 9 79 / 1 0 1 9 7

! 3 / 1 1 / 9 7! 3 / 1 1 / 9 7

9 / 1 2 / 9 79 / 1 2 / 9 7
9 / 1 3 , 9 79 / 1 3 , 9 7

9 1 1 4 1 9 79 1 1 4 1 9 7

9 / l9 / l   5 1 9 75 1 9 7
9 / l9 / l  6 1 9 7 6 1 9 7

9 1 1 7 1 9 79 1 1 7 1 9 7

9 , 1 6 , ! 3 79 , 1 6 , ! 3 7

9 , 1 9 / 9 79 , 1 9 / 9 7

9 1 2 0 1 9 79 1 2 0 1 9 7

g / 2 1 / 9 7g / 2 1 / 9 7

g / 2 2 / 9 7g / 2 2 / 9 7

g / 2 3 / 9 7g / 2 3 / 9 7

9 / 2 4 / 9 79 / 2 4 / 9 7

g / 2 5 / 9 7g / 2 5 / 9 7

9 1 2 6 1 9 79 1 2 6 1 9 7

9 1 2 7 1 9 79 1 2 7 1 9 7

9 1 2 6 1 9 79 1 2 6 1 9 7

9 / 2 9 / 9 79 / 2 9 / 9 7

g / 3 0 / 9 7g / 3 0 / 9 7
1 0 , 1 / 9 71 0 , 1 / 9 7

1 0 1 2 1 9 71 0 1 2 1 9 7

1 0 , 3 / 9 71 0 , 3 / 9 7

1 0 / 4 / 9 71 0 / 4 / 9 7

11  o/ 5 , 9 7o / 5 , 9 7

1 0 1 6 1 9 71 0 1 6 1 9 7

1 0 1 7 1 9 71 0 1 7 1 9 7

1 0 1 6 1 9 71 0 1 6 1 9 7

1 0 1 9 / 9 71 0 1 9 / 9 7

1 0 , 1 0 / 9 71 0 , 1 0 / 9 7

1 0 / 1 1 / 9 71 0 / 1 1 / 9 7

1 0 , 1 2 / 9 71 0 , 1 2 / 9 7

1 0 1 1 3 1 9 71 0 1 1 3 1 9 7

1 0 1 1 4 1 9 71 0 1 1 4 1 9 7

1 0 , 1 5 / 9 71 0 , 1 5 / 9 7

1 0 1 1 6 1 9 71 0 1 1 6 1 9 7

1 0 , 1 7 / 9 71 0 , 1 7 / 9 7

11  O i lO i l   6 / 9 76 / 9 7

11 O H  9 1 9 7 O H  9 1 9 7

1 0 , 2 0 / 9 71 0 , 2 0 / 9 7

1 0 , 2 1 / 9 71 0 , 2 1 / 9 7

1 0 1 2 2 1 9 71 0 1 2 2 1 9 7

1 0 / 2 3 / 9 71 0 / 2 3 / 9 7

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7

00

11

22

33

44

55

66

77

66

99

1 01 0

1 11 1

1 21 2

1 31 3

1 41 4

I 5I 5

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

3 63 6

3 73 7

3 63 6

3 93 9

4 04 0

4 14 1

4 24 2

4 34 3

4 44 4

4 54 5

4 64 6

4 3 . 1 74 3 . 1 7 3 9 . 4 63 9 . 4 6

4 5 . 6 34 5 . 6 3 4 0 . 9 64 0 . 9 6

4 6 . 6 64 6 . 6 6 44504450

4 7 . 0 04 7 . 0 0 4 2 . 3 64 2 . 3 6

4 5 . 4 24 5 . 4 2 4 3 . 6 34 3 . 6 3

5 0 . 0 45 0 . 0 4 4 5 . 3 34 5 . 3 3

5 1 . 1 75 1 . 1 7 4 6 . 6 64 6 . 6 6

5 5 . 0 45 5 . 0 4 5 1 . 5 45 1 . 5 4

5 5 . 5 65 5 . 5 6 5 2 . 6 65 2 . 6 6

6 2 . 0 66 2 . 0 6 5 3 . 9 25 3 . 9 2

6 4 . 6 36 4 . 6 3 5 6 . 5 65 6 . 5 6

6 7 . 5 06 7 . 5 0 6 7 . 3 36 7 . 3 3

6 4 . 0 46 4 . 0 4 5 5 . 2 15 5 . 2 1

6 3 . 9 66 3 . 9 6 5 5 . 6 65 5 . 6 6

6 5 . 4 66 5 . 4 6 6 2 . 1 36 2 . 1 3

6 1 . 0 46 1 . 0 4 5 4 . 7 15 4 . 7 1

6 3 . 0 86 3 . 0 8 5 3 . 5 45 3 . 5 4

6 3 . 6 76 3 . 6 7 5 6 . 9 25 6 . 9 2

6 3 . 5 66 3 . 5 6 5 4 . 9 15 4 . 9 1

6 6 . 6 66 6 . 6 6 5 3 . 0 65 3 . 0 6

6 6 . 2 56 6 . 2 5 5 5 . 1 75 5 . 1 7

6 9 . 2 16 9 . 2 1 5 7 . 5 05 7 . 5 0
6 0 . 3 36 0 . 3 3 5 6 . 3 65 6 . 3 6

6 0 . 2 96 0 . 2 9 5 3 . 1 75 3 . 1 7

5 7 . 7 15 7 . 7 1 5 3 . 6 35 3 . 6 3

6 5 . 6 36 5 . 6 3 5 3 . 7 15 3 . 7 1

6 4 . 9 16 4 . 9 1 5 3 . 6 35 3 . 6 3

6 0 . 2 96 0 . 2 9 5 5 . 6 35 5 . 6 3

5 9 . 1 75 9 . 1 7 5 4 . 7 15 4 . 7 1

6 0 . 5 66 0 . 5 6 5 3 . 2 15 3 . 2 1

5 8 . 7 15 8 . 7 1 5 3 . 3 65 3 . 3 6

5 4 . 6 35 4 . 6 3 5 2 . 1 35 2 . 1 3

5 5 . 6 75 5 . 6 7 5 0 . 5 45 0 . 5 4

5 5 . 5 45 5 . 5 4 4 9 . 9 64 9 . 9 6

5 5 ~ 4 65 5 ~ 4 6 4 5 . 1 34 5 . 1 3

5 1 . 4 25 1 . 4 2 4 5 . 9 24 5 . 9 2

5 1 . 1 35 1 . 1 3 4 6 . 4 24 6 . 4 2

4 7 . 9 64 7 . 9 6 4 2 . 4 64 2 . 4 6

4 6 . 7 14 6 . 7 1 4 1 . 0 44 1 . 0 4

4 6 . 2 54 6 . 2 5 3 9 . 6 63 9 . 6 6

4 4 . 7 14 4 . 7 1 3 6 . 1 33 6 . 1 3

4 2 . 0 44 2 . 0 4 3 4 . 5 03 4 . 5 0

3 9 . 6 73 9 . 6 7 3 2 . 3 63 2 . 3 6

3 7 . 3 33 7 . 3 3 3 0 . 3 63 0 . 3 6

3 1 . 5 63 1 . 5 6 3 0 . 0 43 0 . 0 4

3 4 . 7 13 4 . 7 1 2 9 . 7 12 9 . 7 1

AN overage temperatures are in degrees centigrade
February lo,1998
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 1 Constructed October 9, 1997

Windrow  Average Daily WHC
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Morrison Knudsen Corporation
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Average Daily Windrow WHC Summary Report

-Windrow Number Cnnsiruction  Date Date Monitored Age (Dqs) PRE-Turn (9;)  POST-Turn (%)

MIX,MIX, t o / 9 1 9 7t o / 9 1 9 7 1 0 1 9 1 9 71 0 1 9 1 9 7 00

1 0 / 1 1 1 9 71 0 / 1 1 1 9 7 22

1 0 1 1 4 / 9 71 0 1 1 4 / 9 7 55

11  O i lO i l   5 1 9 75 1 9 7 66

1 0 1 1 7 1 9 71 0 1 1 7 1 9 7 66

1 0 1 2 0 1 9 71 0 1 2 0 1 9 7 1 11 1

1 0 , 2 2 / 9 71 0 , 2 2 / 9 7 1 31 3

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7 1 51 5

, 0 / 2 7 / 9 7, 0 / 2 7 / 9 7 1 61 6

1 0 1 2 9 1 9 71 0 1 2 9 1 9 7 2 02 0

1 0 1 3 1 1 9 71 0 1 3 1 1 9 7 2 22 2

1 1 1 3 1 9 71 1 1 3 1 9 7 2 52 5

11  l/ 5 / 9 7l / 5 / 9 7 2 72 7

11  f/ 6 / 9 7f / 6 / 9 7 3 03 0

1 1 1 1 2 l 9 71 1 1 1 2 l 9 7 3 43 4

6 8 . 8 06 8 . 8 0

7 1 . 7 07 1 . 7 0

7 3 . 6 57 3 . 6 5

7 6 . 5 57 6 . 5 5

7 6 . 4 07 6 . 4 0

74,5574,55

6 3 . 3 56 3 . 3 5

6 8 . 4 06 8 . 4 0

5 6 . 6 55 6 . 6 5

6 2 . 3 86 2 . 3 8

5 3 , 6 75 3 , 6 7

5 7 . 3 55 7 . 3 5

7 . 0 37 . 0 3

4 1 . 6 74 1 . 6 7

4 9 . 1 54 9 . 1 5

-

AN nverage  MWHC values are expressed in percent

February lo,1998
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 3 Constructed September 9,1997

Windrow  Average Daily WHC

Morrison Knudsen Corporation



Windrow Number Construct&  Dote Dare Monitored _Age (Days) PRE-Turh  (%) POST-Turn (!%)

a73a73

4 9 . 3 54 9 . 3 5

5 0 . 1 05 0 . 1 0

00 5 3 . 5 35 3 . 5 3

11 4 7 . 2 54 7 . 2 5

22 6 3 . 8 86 3 . 8 8

44 5 3  7 55 3  7 5

66 4 4 . 2 74 4 . 2 7

77

1 01 0 5 0 . 3 35 0 . 3 3

1 21 2 690690

1 31 3

1 51 5 4 6 . 7 04 6 . 7 0

1 61 6

1 91 9 4 6 . 4 04 6 . 4 0

2 12 1 4 6 . 7 04 6 . 7 0

2 32 3 4 5 . 3 04 5 . 3 0

2 42 4

2 52 5

2 72 7 4 7 . 7 54 7 . 7 5

2 92 9 5 2 . 4 25 2 . 4 2

3 33 3 4 9 . 0 34 9 . 0 3

3 53 5 4 6 . 7 34 6 . 7 3

3 73 7 5 1 . 3 05 1 . 3 0

4 04 0

4 14 1

4 34 3 5 2 . 6 35 2 . 6 3

4 54 5 5 0 . 6 35 0 . 6 3

41,9041,90

4 2 . 7 34 2 . 7 3

5 5 . 9 55 5 . 9 5

4 2 . 6 84 2 . 6 8

5 0 ~ 4 25 0 ~ 4 2

-

All average  MWHC values are expressed in percent

February 10, I998
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 4 Constructed September 8, 1997

Windrow  Average Daily WHC

9 0

90 -.

I *

Morrison Knudsen Corporation



Average Daily Windrow WHC Summary Report

-Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn  (%) POST-Turn 1%)

M I X 4M I X 4 9 / E / 9 79 / E / 9 7 9 / 8 1 9 79 / 8 1 9 7 00

WOl97WOl97 22

w2197w2197 44

g / 1 3 / 9 7g / 1 3 / 9 7 55

9 / l9 / l  5 1 9 7 5 1 9 7 77

9 1 1 7 1 9 79 1 1 7 1 9 7 99

9 , 1 9 / 9 79 , 1 9 / 9 7 1 11 1

9 / 2 2 / 9 79 / 2 2 / 9 7 1 41 4

9 1 2 4 1 9 79 1 2 4 1 9 7 1 61 6

9 1 2 5 1 9 79 1 2 5 1 9 7 1 71 7

9 / 2 6 / 9 79 / 2 6 / 9 7 1 61 6

9 1 2 9 1 9 79 1 2 9 1 9 7 2 12 1

9 1 3 0 1 9 79 1 3 0 1 9 7 2 22 2

1 0 / 1 , 9 71 0 / 1 , 9 7 2 32 3

1 0 / Z / 9 71 0 / Z / 9 7 2 42 4

11  o/ 5 , 9 7o / 5 , 9 7 2 72 7

1 0 1 7 1 9 71 0 1 7 1 9 7 2 92 9

, 0 , 1 2 / 9 7, 0 , 1 2 / 9 7 3 43 4

1 0 1 1 3 1 9 71 0 1 1 3 1 9 7 3 53 5

l O i 1l O i 1  5 1 9 7 5 1 9 7 3 73 7

1 0 / 1 6 , 9 71 0 / 1 6 , 9 7 3 83 8

1 0 1 1 9 1 9 71 0 1 1 9 1 9 7 4 14 1

1 0 1 2 0 1 9 71 0 1 2 0 1 9 7 4 24 2

1 0 1 2 2 1 9 71 0 1 2 2 1 9 7 4 44 4

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7 4 64 6

1 0 / 2 7 / 9 71 0 / 2 7 / 9 7 4 94 9

1 0 1 2 9 1 9 71 0 1 2 9 1 9 7 5 15 1

1 0 1 3 1 1 9 71 0 1 3 1 1 9 7 5 35 3

6 5 . 6 56 5 . 6 5

60,3060,30

7 3 . 0 57 3 . 0 5

6 0 . 6 36 0 . 6 3

5 2 . 1 35 2 . 1 3

5 7 . 7 85 7 . 7 8

5 2 . 9 25 2 . 9 2

5 2 . 0 05 2 . 0 0

4 0 . 9 54 0 . 9 5

4 3 . 1 84 3 . 1 8

4 6 . 2 34 6 . 2 3

4 0 . 0 54 0 . 0 5

4 4 . 3 54 4 . 3 5

4 5 . 8 04 5 . 8 0

5 2 . 8 55 2 . 8 5

4 7 . 9 84 7 . 9 8

5 4 . 2 35 4 . 2 3

4 3 . 6 34 3 . 6 3

4 1 . 2 34 1 . 2 3

4 2 . 7 54 2 . 7 5

4 9 . 7 34 9 . 7 3

4 8 . 7 74 8 . 7 7

4 4 . 4 84 4 . 4 8

4 9 . 6 64 9 . 6 6

4 0 . 7 34 0 . 7 3

4 9 . 9 04 9 . 9 0

5 3 , 1 55 3 , 1 5

6 1 . 1 56 1 . 1 5

AN average MWHC values are expressed in percent

February 10, I998
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Average Daily Windrow  WHC Summary Report

Windrow Number Construction Date Date Monitored Age (Dyvs) PRE-Turn (%) POST-Turn (“4)

M I X 5M I X 5 9 1 1 0 1 9 79 1 1 0 1 9 7 9 1 1 0 1 9 79 1 1 0 1 9 7 00

9 , 1 2 / 9 79 , 1 2 / 9 7 22

9 1 1 3 1 9 79 1 1 3 1 9 7 33

9 1 1 5 1 9 79 1 1 5 1 9 7 55

9 1 1 7 1 9 79 1 1 7 1 9 7 77

9 1 1 9 1 9 79 1 1 9 1 9 7 99

9 / 2 2 / 9 79 / 2 2 / 9 7 1 21 2

9 / 2 4 / 9 79 / 2 4 / 9 7 1 41 4

9 1 2 5 1 9 79 1 2 5 1 9 7 1 51 5

9 1 2 7 1 9 79 1 2 7 1 9 7 1 71 7

9 1 2 9 1 9 79 1 2 9 1 9 7 1 91 9

1 0 / l / 9 71 0 / l / 9 7 2 12 1

1 0 1 4 1 9 71 0 1 4 1 9 7 2 42 4

1 0 / 5 / 9 71 0 / 5 / 9 7 2 52 5

I O / c 3 9 7I O / c 3 9 7 2 62 6

11  o/ 7 / 9 7o / 7 / 9 7 2 72 7

l O l l 1 1 9 7l O l l 1 1 9 7 3 13 1

I O / 1 2 1 9 7I O / 1 2 1 9 7 3 23 2

1 0 1 1 3 1 9 71 0 1 1 3 1 9 7 3 33 3

11  O i lO i l  5 1 9 7 5 1 9 7 3 53 5

1 0 / 1 7 , 9 71 0 / 1 7 , 9 7 3 73 7

1 0 1 2 0 / 9 71 0 1 2 0 / 9 7 4 04 0

1 0 1 2 1 1 9 71 0 1 2 1 1 9 7 4 14 1

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7 4 44 4

1 0 1 2 7 / 9 71 0 1 2 7 / 9 7 4 74 7

11  o/ 2 9 / 9 7o / 2 9 / 9 7 4 94 9

1 0 1 3 0 1 9 71 0 1 3 0 1 9 7 5 05 0

1 0 1 3 1 1 9 71 0 1 3 1 1 9 7 5 15 1

6 1 . 8 06 1 . 8 0

7 7 , o o7 7 , o o

6 9 . 9 26 9 . 9 2

6 9 . 7 36 9 . 7 3

64056405

6 3 . 0 56 3 . 0 5

5 8 . 7 05 8 . 7 0

4 5 . 1 54 5 . 1 5

4 0 . 5 34 0 . 5 3

6 0 . 8 36 0 . 8 3

4 6 . 6 54 6 . 6 5

4 9 . 2 74 9 . 2 7

4 1 . 4 84 1 . 4 8

4 1 . 1 84 1 . 1 8

4 5 . 5 34 5 . 5 3

5 2 . 6 35 2 . 6 3

3 9 . 5 33 9 . 5 3

4 4 . 7 54 4 . 7 5

5 4 . 4 85 4 . 4 8

5 0 . 1 35 0 . 1 3

4 5 . 9 04 5 . 9 0

3 7 . 7 53 7 . 7 5

4 7 . 0 84 7 . 0 8

4 8 . 9 04 8 . 9 0

4 3 . 7 04 3 . 7 0

4 1 . 7 34 1 . 7 3

3 6 . 5 53 6 . 5 5

4 7 . 4 24 7 . 4 2

-.

AN average MWHC values are expressed in percent

February IO, 1998
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 7A Constructed September 9, 1997

Windrow  Average Daily WHC
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R a n g eR a n g e
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Morrison Knudsen Corporation
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Average D&y Windrow  WHC Summa~  Report

Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (%) POST-Turn (%)

MIX7AMIX7A 91 9 1 9 79 1 9 1 9 7 9 1 9 1 9 79 1 9 1 9 7 00

9 1 1 0 1 9 79 1 1 0 1 9 7 11

9 / l9 / l   1 1 9 71 1 9 7 22

9 , 1 2 / 9 79 , 1 2 / 9 7 33

9 , 1 5 / 9 79 , 1 5 / 9 7 66

9 1 1 7 1 9 79 1 1 7 1 9 7 88

9 1 1 8 1 9 79 1 1 8 1 9 7 99

9 1 1 9 / 9 79 1 1 9 / 9 7 1 01 0

9 1 2 0 / 9 79 1 2 0 / 9 7 1 11 1

9 / 2 2 / 9 79 / 2 2 / 9 7 1 31 3

9 1 2 4 1 9 79 1 2 4 1 9 7 1 51 5

9 1 2 6 1 9 79 1 2 6 1 9 7 1 71 7

9 , 2 9 / 9 79 , 2 9 / 9 7 2 02 0

1  1  o / 1 , 9 7o / 1 , 9 7 2 22 2

1 0 1 2 1 9 71 0 1 2 1 9 7 2 32 3

1 0 1 5 1 9 71 0 1 5 1 9 7 2 62 6

1 0 1 7 1 9 71 0 1 7 1 9 7 2 82 8

I O / 1 1 1 9 7I O / 1 1 1 9 7 3 23 2

1 0 1 1 2 1 9 71 0 1 1 2 1 9 7 3 33 3

1 0 , 1 4 / 9 71 0 , 1 4 / 9 7 3 53 5

1 0 / 1 6 / 9 71 0 / 1 6 / 9 7 3 73 7

1  1  O / lO / l   9 1 9 79 1 9 7 4 04 0

1 0 1 2 0 1 9 71 0 1 2 0 1 9 7 4 14 1

1 0 1 2 2 1 9 71 0 1 2 2 1 9 7 4 34 3

1 0 1 2 4 / 9 71 0 1 2 4 / 9 7 4 54 5

5 0 . 2 85 0 . 2 8

3 ? , 7 33 ? , 7 3

4 3 . 5 24 3 . 5 2

5 2 . 8 85 2 . 8 8

4 7 . 2 04 7 . 2 0

3 9 . 7 03 9 . 7 0

4 2 . 6 54 2 . 6 5

4 5 . 5 84 5 . 5 8

5 7 . 1 55 7 . 1 5

5 4 . 0 85 4 . 0 8

4 7 . 2 74 7 . 2 7

4 8 . 1 04 8 . 1 0

5 1 . 5 85 1 . 5 8

3 6 . 1 53 6 . 1 5

4 8 . 8 24 8 . 8 2

4 7 . 7 54 7 . 7 5

5 4 . 5 85 4 . 5 8

3 9 . 8 83 9 . 8 8

4 6 . 5 04 6 . 5 0

4 6 . 4 84 6 . 4 8

4 8 . 2 04 8 . 2 0

3 5 . 8 23 5 . 8 2

6 6 , 6 76 6 , 6 7

5 0 . 8 65 0 . 8 6

5 4 , 7 35 4 , 7 3

-,

AN mxvage  MWHC values we expressed in percent

February IO,  1998
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 7B Constructed September 10, 1997

Windrow  Average Daily WHC

8 08 0

\
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E
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3 03 0

2 02 0

1 01 0
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1  2 3 4 5 6 71  2 3 4 5 6 7 88 99 1 01 0 , ,, , 1212 1 31 3 1 41 4 1515 1 6  1 71 6  1 7 1 81 8 1 91 9 2 02 0 2 12 1 2 22 2 2 32 3 2 42 4 2 5  2 8  2 72 5  2 8  2 7 2 82 8 2 92 9 3 03 0 3 ,3 ,

Windrow  Age in Cays

Morrison Knudsen Corporation
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Average Daily Windrow WHC Summary Report

Windrow Number

-,

Construe%  Date Date Monitored Ate (Dqs) PRE-Turn (%) POST-Turn 06)

MIX7BMIX7B 9 1 1 0 1 9 79 1 1 0 1 9 7 9 1 1 0 1 9 79 1 1 0 1 9 7

9 1 1 1 1 9 79 1 1 1 1 9 7

9 1 1 2 1 9 79 1 1 2 1 9 7

9 1 1 5 / 9 79 1 1 5 / 9 7

9 1 1 6 1 9 79 1 1 6 1 9 7

9 1 1 7 1 9 79 1 1 7 1 9 7

9 / 1 8 , 9 79 / 1 8 , 9 7

9 / 2 0 / 9 79 / 2 0 / 9 7

9 , 2 1 / 9 79 , 2 1 / 9 7

9 1 2 2 1 9 79 1 2 2 1 9 7

9 1 2 4 1 9 79 1 2 4 1 9 7

9 1 2 5 1 9 79 1 2 5 1 9 7

9 1 2 7 1 9 79 1 2 7 1 9 7

9 1 2 9 1 9 79 1 2 9 1 9 7

9 / 3 0 1 9 79 / 3 0 1 9 7

1 0 , 1 / 9 71 0 , 1 / 9 7

1 0 1 4 1 9 71 0 1 4 1 9 7

1 0 1 6 1 9 71 0 1 6 1 9 7

1 0 1 8 1 9 71 0 1 8 1 9 7

1 0 , 1 1 , 9 71 0 , 1 1 , 9 7

1 0 1 1 2 1 9 71 0 1 1 2 1 9 7

11  O i lO i l   ‘ l / 9 7‘ l / 9 7

1 0 / 1 6 , 9 71 0 / 1 6 , 9 7

1 0 1 1 7 1 9 71 0 1 1 7 1 9 7

1 0 1 2 0 1 9 71 0 1 2 0 1 9 7

1 0 , 2 2 / 9 71 0 , 2 2 / 9 7

1 0 / 2 3 , 9 71 0 / 2 3 , 9 7

00

22

55

66

77

88

1 01 0

1 11 1

1 21 2

1 41 4

1 51 5

1 71 7

1 91 9

2 02 0

2 12 1

2 42 4

2 62 6

2 82 8

3 13 1

3 23 2

3 43 4

3 63 6

3 73 7

4 04 0

4 24 2

4 34 3

4 2 . 5 34 2 . 5 3

4 4 . 3 54 4 . 3 5

5 6 . 0 55 6 . 0 5

4 5 . 3 54 5 . 3 5

4 2 . 5 34 2 . 5 3

4 5 4 34 5 4 3

4 8 . 6 54 8 . 6 5

5 0 . 6 05 0 . 6 0

4 7 . 2 34 7 . 2 3

5 0 , 6 05 0 , 6 0

4 2 . 5 04 2 . 5 0

4 8 . 0 34 8 . 0 3

5 2 , 7 55 2 , 7 5

4 4 , 3 04 4 , 3 0

4 5 . 1 84 5 . 1 8

5 8 . 5 85 8 . 5 8

5 1 . 5 55 1 . 5 5

5 5 , 7 85 5 , 7 8

4 7 . 8 04 7 . 8 0

4 2 . 3 54 2 . 3 5

4 7 . 5 24 7 . 5 2

5 2 . 3 55 2 . 3 5

4 1 , 9 04 1 , 9 0

-

4 6 . 5 04 6 . 5 0

4 5 . 2 24 5 . 2 2

3 8 . 3 03 8 . 3 0

6 6 . 7 36 6 . 7 3

AN nverage  MWHC values are expressed in percent

February lo,1998



NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Compost Recipe Mix 8 Constructed September 8, 1997

Windrow  Average Daily WHC

0°8

Morrison Knudsen Corporation
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Average Daily- Windrow WHC Summary Report

Windrow Number Consrruction  Dote Date Monitored Age (Dqs) PRE-Turn (%) POST-Turn (%)

M I X 8M I X 8 9 1 8 1 9 79 1 8 1 9 7 9 / a / 9 79 / a / 9 7 00

9 , 1 0 / 9 79 , 1 0 / 9 7 22

9 / 1 2 / 9 79 / 1 2 / 9 7 44

9 1 1 3 1 9 79 1 1 3 1 9 7 55

9 / l9 / l   5 / 9 75 / 9 7 77

9 1 1 7 1 9 79 1 1 7 1 9 7 99

9 / 1 . 8 / ! 3 79 / 1 . 8 / ! 3 7 1 01 0

s / 2 0 / 9 7s / 2 0 / 9 7 1 21 2

9/z/979/z/97 1 41 4

9 / 2 3 / 9 79 / 2 3 / 9 7 1 51 5

9 1 2 4 1 9 79 1 2 4 1 9 7 1 61 6

g / 2 5 / 9 7g / 2 5 / 9 7 1 71 7

9 1 2 8 1 9 79 1 2 8 1 9 7 2 02 0

9 1 3 0 1 9 79 1 3 0 1 9 7 2 22 2

1 0 / z / 9 71 0 / z / 9 7 2 42 4

1 0 , 3 / 9 71 0 , 3 / 9 7 2 52 5

tt 0 1 4 1 9 7 0 1 4 1 9 7 2 62 6

1 0 1 6 1 9 71 0 1 6 1 9 7 2828

t o / a / 9 7t o / a / 9 7 3 03 0

1 0 1 1 2 1 9 71 0 1 1 2 1 9 7 3 43 4

11  o / to / t  3 1 9 7 3 1 9 7 3 53 5

11  O i lO i l   5 / 9 75 / 9 7 3 73 7

1 0 , 1 7 , 9 71 0 , 1 7 , 9 7 3 93 9

1 0 1 2 0 1 9 71 0 1 2 0 1 9 7 4 24 2

1 0 1 2 1 1 9 71 0 1 2 1 1 9 7 4 34 3

I O / 2 2 1 9 7I O / 2 2 1 9 7 4 44 4

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7 4 64 6

6 8 . 7 76 8 . 7 7

5 0 . 0 05 0 . 0 0

6 2 . 3 86 2 . 3 8

5 4 , 2 35 4 , 2 3

5 5 . 0 85 5 . 0 8

4 7 . 5 54 7 . 5 5

4 8 . 3 84 8 . 3 8

4 5 . 9 24 5 . 9 2

4 3 . 0 54 3 . 0 5

4 1 . 2 34 1 . 2 3

4 1 . 4 84 1 . 4 8

5 1 . 7 55 1 . 7 5

4 7 . 0 54 7 . 0 5

4 9 . 6 84 9 . 6 8

4 6 . 3 04 6 . 3 0

3 7 . 9 53 7 . 9 5

4 8 . 7 04 8 . 7 0

5 0 . 4 55 0 . 4 5

5 2 . 3 35 2 . 3 3

3 5 . 8 83 5 . 8 8

5 0 . 9 05 0 . 9 0

5 0 . 7 05 0 . 7 0

4 6 . 1 84 6 . 1 8

3 4 , 4 83 4 , 4 8

4 2 . 8 84 2 . 8 8

5 7 . 0 75 7 . 0 7

4 8 . 7 54 8 . 7 5

All  average MWHC values are expressed in percent

February IO,  1998
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CONTAMINATED SOIL OXYGEN

NSWC Crane
SWMU 33100.  Bioremediation Facility
Pilot-Scale Treatabil i ty Test Report L-l 04/14/98
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Average Daily Windrow Oxygen Summary Report

Windrow Number Construction Date Dote Monitored Age (Dqvs) PRI-Turn (“SC)  POST-Turn (%)

MIX,MIX, 1 0 1 9 1 9 71 0 1 9 1 9 7 1 0 1 9 1 9 71 0 1 9 1 9 7 00

1 0 1 1 0 1 9 71 0 1 1 0 1 9 7 11

IO , ,I O , ,   l/ 9 7l / 9 7 22

11  O i lO i l  2 1 9 7 2 1 9 7 33

1 0 1 1 3 1 9 71 0 1 1 3 1 9 7 44

1 0 1 1 4 1 9 71 0 1 1 4 1 9 7 55

l o / 1 6 1 9 7l o / 1 6 1 9 7 66

1 0 / 1 6 , 9 71 0 / 1 6 , 9 7 77

11  o / 1o / 1   7 1 9 77 1 9 7 aa

I O / lI O / l  a / 9 7 a / 9 7 99

1 0 , 1 9 / 9 71 0 , 1 9 / 9 7 1 01 0

1 0 / 2 0 / 9 71 0 / 2 0 / 9 7 1 11 1

1 0 , 2 1 / 9 71 0 , 2 1 / 9 7 1 21 2

1 0 / 2 2 / 9 71 0 / 2 2 / 9 7 1 31 3

1 0 , 2 3 / 9 71 0 , 2 3 / 9 7 1 41 4

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7 1 51 5

1 0 1 2 5 1 9 71 0 1 2 5 1 9 7 1 61 6

1 0 1 2 6 1 9 71 0 1 2 6 1 9 7 1 71 7

1 0 1 2 7 1 9 71 0 1 2 7 1 9 7 1 81 8

1 0 1 2 8 1 9 71 0 1 2 8 1 9 7 1 91 9

1 0 1 2 9 / 9 71 0 1 2 9 / 9 7 2 02 0

1 0 1 3 0 1 9 71 0 1 3 0 1 9 7 2 12 1

1 0 / 3 1 , 9 71 0 / 3 1 , 9 7 2 22 2

11  I, , / 9 7I , , / 9 7 2 32 3

1 1 1 2 1 9 71 1 1 2 1 9 7 2 42 4

1 1 , 3 / 9 71 1 , 3 / 9 7 2 52 5

1 1 1 4 1 9 71 1 1 4 1 9 7 2 62 6

1 1 1 5 1 9 71 1 1 5 1 9 7 2 72 7

1 1 1 6 1 9 71 1 1 6 1 9 7 2 82 8

1 1 1 7 1 9 71 1 1 7 1 9 7 2 92 9

1 1 , 8 1 9 ,1 1 , 8 1 9 , 3 03 0

1 1 , 9 / 9 71 1 , 9 / 9 7 3 13 1

1 5 . 5 81 5 . 5 8

1 6 . 9 21 6 . 9 2

1 4 . 9 11 4 . 9 1

1 2 . 4 61 2 . 4 6

1 6 . 5 01 6 . 5 0

1 9 . 2 51 9 . 2 5

1 4 . 2 11 4 . 2 1

9 . 2 99 . 2 9

3 . 9 23 . 9 2

4 . 6 34 . 6 3

8 . 5 08 . 5 0

9 . 1 79 . 1 7

7 . 0 07 . 0 0

9 . 9 69 . 9 6

5 . 2 15 . 2 1

4 . 5 84 . 5 8

7 . 9 67 . 9 6

a . 4 6a . 4 6

1 . 9 61 . 9 6

11  . , I. , I

4 . 6 74 . 6 7

1 . 2 51 . 2 5

1 . 4 21 . 4 2

3 . 6 73 . 6 7

1 . 0 81 . 0 8

3 , 0 43 , 0 4

4 . 9 64 . 9 6

1 . 3 31 . 3 3

3 . 8 33 . 8 3

5 , 7 95 , 7 9

1 . 6 71 . 6 7

2 0 . 6 72 0 . 6 7

1 9 . 9 21 9 . 9 2

1 7 . 3 31 7 . 3 3

1 5 , 7 51 5 , 7 5

1 8 . 8 31 8 . 8 3

1 9 . 1 71 9 . 1 7

1 6 . 2 91 6 . 2 9

1 6 . 0 41 6 . 0 4

1 5 . 3 81 5 . 3 8

1 2 . 1 31 2 . 1 3

1 5 . 7 11 5 . 7 1

1 6 . 6 31 6 . 6 3

1 6 . 3 81 6 . 3 8

1 5 . 4 21 5 . 4 2

1 6 . 7 51 6 . 7 5

1 5 . 6 71 5 . 6 7

1 4 . 6 31 4 . 6 3

1 5 , 4 21 5 , 4 2

1 6 . 3 31 6 . 3 3

1 5 . 7 51 5 . 7 5

1 3 . 7 91 3 . 7 9

1 3 . 7 51 3 . 7 5

1 4 . 4 21 4 . 4 2

1 4 . 8 31 4 . 8 3

1 4 . 5 81 4 . 5 8

1 4 . 2 91 4 . 2 9

1 2 . 8 81 2 . 8 8

1 3 . 7 11 3 . 7 1

1 2 . 6 71 2 . 6 7

1 1 . 4 61 1 . 4 6

1 6 . 0 01 6 . 0 0

1 2 . 8 81 2 . 8 8

February IO, 1998



Windrow Number Construction Date Dale  Monitored Age (Days) PRE-Turn  (76) POST-Turn (56)

MIX1MIX1 1 0 1 9 1 9 71 0 1 9 1 9 7 11  , , I, , I  0 1 9 7 0 1 9 7 3 23 2 4 . 8 34 . 8 3 1 6 . 0 01 6 . 0 0

1 1 1 1 1 1 9 71 1 1 1 1 1 9 7 3 33 3 0 . 5 00 . 5 0 1 2 . 7 51 2 . 7 5

1 1 / 1 2 / 9 71 1 / 1 2 / 9 7 3 43 4 1 . 6 31 . 6 3 1 4 . 5 81 4 . 5 8

1  1  l / 1 3 / 9 7l / 1 3 / 9 7 3 53 5 1 . 5 81 . 5 8 1 6 . 0 81 6 . 0 8



NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 3 Constructed September 9,1997

Windrow  Average Daily Oxygen

1 6

1 4

4

Morrison Knudsen Corporation
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Average Daily Windrow  Oxygen Summary Report
.,.,..._..-,  -_- ....,-,,

-
Windrow  Number Construction Date Date Monitored Age (Days) PRE-Turn (“5) POST-Turn (%)

M I X 3M I X 3 9 1 9 1 9 79 1 9 1 9 7 g / 9 / 9 7g / 9 / 9 7 00

9 / 1 0 1 9 79 / 1 0 1 9 7 11

91 1 , 1 9 79 1 1 , 1 9 7 22

9 , 1 2 / 9 79 , 1 2 / 9 7 33

9 1 1 3 1 9 79 1 1 3 1 9 7 44

w14197w14197 55

911997911997 66

9 / 1 6 / 9 79 / 1 6 / 9 7 77

9 , 1 7 / 9 79 , 1 7 / 9 7 88

9 1 1  9 1 1  E / 9 7E / 9 7 99

9 / l9 / l   9 / 9 79 / 9 7 1 01 0

9 1 2 0 1 9 79 1 2 0 1 9 7 1 11 1

g / 2 1 / 9 7g / 2 1 / 9 7 1 21 2

9 , 2 2 / 9 79 , 2 2 / 9 7 1 31 3

9 , 2 3 / 9 79 , 2 3 / 9 7 1 41 4

9 1 2 4 9 79 1 2 4 9 7 1 51 5

9 / 2 5 , 9 79 / 2 5 , 9 7 1 61 6

9 1 2 6 1 9 79 1 2 6 1 9 7 1 71 7

9 1 2 7 1 9 79 1 2 7 1 9 7 1 81 8

9 1 2 8 1 9 79 1 2 8 1 9 7 1 91 9

g / 2 9 , 9 7g / 2 9 , 9 7 2 02 0

9 1 3 0 1 9 79 1 3 0 1 9 7 2 12 1

1 0 , 1 / 9 71 0 , 1 / 9 7 2 22 2

11  o/ 2 / 9 7o / 2 / 9 7 2 32 3

1 0 1 3 1 9 71 0 1 3 1 9 7 2 42 4

1 0 / 4 / 9 71 0 / 4 / 9 7 2 52 5

1 0 1 5 1 9 71 0 1 5 1 9 7 2 62 6

1 0 , 6 / 9 71 0 , 6 / 9 7 2 72 7

11  o/ 7 / 9 7o / 7 / 9 7 2 82 8

1 0 1 8 1 9 71 0 1 8 1 9 7 2 92 9

1  1  o / 9 / 9 7o / 9 / 9 7 3 03 0

1 0 1 1 0 1 9 71 0 1 1 0 1 9 7 3 13 1

AI1  average Oxygen values are expressed ns  a percent

February IO, 1998

1 . 2 11 . 2 1

1 . 7 11 . 7 1

3 . 7 13 . 7 1

2 . 9 22 . 9 2

6 . 5 66 . 5 6

2 . 1 72 . 1 7

5 . 6 75 . 6 7

2 . 2 52 . 2 5

0 . 1 30 . 1 3

0 . 0 00 . 0 0

0 , 5 40 , 5 4

1 . 6 31 . 6 3

0 . 1 30 . 1 3

0 . 7 50 . 7 5

1 . 1 31 . 1 3

1 . 0 01 . 0 0

2 . 1 72 . 1 7

1 . 1 31 . 1 3

1 . 3 31 . 3 3

3 . 3 33 . 3 3

4 . 2 54 . 2 5

1 0 . 1 31 0 . 1 3

7 . 4 27 . 4 2

6 . 3 36 . 3 3

6 . 2 16 . 2 1

7 , 3 87 , 3 8

5 . 5 05 . 5 0

7 . 7 57 . 7 5

6 . 2 96 . 2 9

9 . 3 89 . 3 8

7 . 9 27 . 9 2

1 7 . 7 91 7 . 7 9

1 2 . 3 81 2 . 3 8

1 1 . 2 51 1 . 2 5

1 1 . 6 31 1 . 6 3

1 1 . 5 41 1 . 5 4

9 . 5 09 . 5 0

1 0 . 1 71 0 . 1 7

1 3 . 3 81 3 . 3 8

1 2 . 5 41 2 . 5 4

1 0 . 0 01 0 . 0 0

7 . 4 27 . 4 2

0 ~ 1 30 ~ 1 3

8 . 1 78 . 1 7

6 . 3 66 . 3 6

8 . 2 98 . 2 9

7 . 4 27 . 4 2

4 . 2 54 . 2 5

7 . 6 77 . 6 7

6 . 7 56 . 7 5

5 . 2 95 . 2 9

1 0 . 2 91 0 . 2 9

7 . 4 67 . 4 6

1 2 . 2 11 2 . 2 1

1 1 . 6 71 1 . 6 7

1 2 . 7 11 2 . 7 1

1 1 . 9 61 1 . 9 6

1 3 . 1 31 3 . 1 3

9 . 0 49 . 0 4

1 2 . 6 71 2 . 6 7

1 4 . 5 01 4 . 5 0

1 4 . 7 91 4 . 7 9

1 5 . 5 61 5 . 5 6



Windrow Number Construction Date Date Monitored Age (Dqvs) PRE-Turn (%) POST-Turn (%)

M I X 3M I X 3 9 1 9 1 9 79 1 9 1 9 7 I O , 1 1 1 9 7I O , 1 1 1 9 7 3 23 2 9 . 0 49 . 0 4 1 7 . 2 91 7 . 2 9

, 0 1 1, 0 1 1 a97a97 3 33 3 1 0 . 5 81 0 . 5 8 1 7 . 0 41 7 . 0 4

l O l 1 3 1 9 7l O l 1 3 1 9 7 3 43 4 9 . 6 79 . 6 7 1 7 . 7 11 7 . 7 1

1 0 / 1 4 / 9 71 0 / 1 4 / 9 7 3 53 5 1 2 . 4 61 2 . 4 6 1 9 . 1 71 9 . 1 7

11O i lO i l   5 1 9 75 1 9 7 3 63 6 1 6 . 2 51 6 . 2 5 1 9 . 5 41 9 . 5 4

11O i lO i l 6 1 9 76 1 9 7 3 73 7 1 3 . 3 31 3 . 3 3 1 9 . 7 91 9 . 7 9

11O i lO i l 7 1 9 77 1 9 7 3 83 8 1 5 . 3 31 5 . 3 3 2 0 . 0 02 0 . 0 0

1 0 / 1 8 , 9 71 0 / 1 8 , 9 7 3 93 9 1 1 . 7 51 1 . 7 5 1 9 . 0 41 9 . 0 4

11o / 1o / 1 9 / 9 79 / 9 7 4 04 0 1 2 . 4 61 2 . 4 6 1 6 . 7 91 6 . 7 9

11o/ 2 0 , 9 7o / 2 0 , 9 7 4 14 1 1 4 . 2 91 4 . 2 9 1 9 . 2 91 9 . 2 9

1 0 1 2 1 / 9 71 0 1 2 1 / 9 7 4 24 2 1 2 . 2 91 2 . 2 9 1 6 . 0 61 6 . 0 6

1 0 1 2 2 1 9 71 0 1 2 2 1 9 7 4 34 3 1 4 . 1 31 4 . 1 3 1 9 . 0 01 9 . 0 0

1 0 1 2 3 / 9 71 0 1 2 3 / 9 7 4 44 4 1 3 . 8 61 3 . 8 6 1 6 . 1 71 6 . 1 7

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7 4 54 5 1 3 . 0 81 3 . 0 8 1 8 . 9 61 8 . 9 6

AN average Oxygen values are expressed as a percent

February IO,  1998



NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 4 Constructed September 8,1997

Windrow  Average Daily Oxygen

1 6

1 4

6

Morrison Knudsen Corporation



Average Daily Windrow  Oxygen Summary Report

Windrow Number Construction Date Dare Monitored .4ge (Days) PRE-Turn (“A)  POST-Turn (55)

M I X 4M I X 4 9 1 6 1 9 79 1 6 1 9 7 9 l 6 1 9 79 l 6 1 9 7

g / 9 / 9 7g / 9 / 9 7

Q / 1 0 / 9 7Q / 1 0 / 9 7

9 1 1 1 1 9 79 1 1 1 1 9 7

Q / 1 2 / 9 7Q / 1 2 / 9 7

Q / lQ / l   3 1 9 73 1 9 7

9 / 1 4 / 9 79 / 1 4 / 9 7

Q / lQ / l  5 1 9 7 5 1 9 7

Q / lQ / l   6 / 9 76 / 9 7

Q / lQ / l   7 1 9 77 1 9 7

9 / 1 6 / 9 79 / 1 6 / 9 7

Q / 1 9 / 9 7Q / 1 9 / 9 7

Q / 2 0 / 9 7Q / 2 0 / 9 7

9 1 2 1 1 9 79 1 2 1 1 9 7

Q / 2 2 / 9 7Q / 2 2 / 9 7

Q / 2 3 / 9 7Q / 2 3 / 9 7

Q / 2 4 / 9 7Q / 2 4 / 9 7

9 1 2 5 1 9 79 1 2 5 1 9 7

Q / 2 6 / 9 7Q / 2 6 / 9 7

Q / 2 7 / 9 7Q / 2 7 / 9 7

9 1 2 8 1 9 79 1 2 8 1 9 7

Q / 2 9 / 9 7Q / 2 9 / 9 7

g / 3 0 / 9 7g / 3 0 / 9 7

1 0 / 1 1 9 71 0 / 1 1 9 7

1  1  o / 2 / 9 7o / 2 / 9 7

11  o/ 3 / 9 7o / 3 / 9 7

1 0 1 4 1 9 71 0 1 4 1 9 7

1 0 1 5 / 9 71 0 1 5 / 9 7

11  O/ 6 / 9 7O / 6 / 9 7

11  on197on197

1 0 1 6 1 9 71 0 1 6 1 9 7

1  1  o / 9 / 9 7o / 9 / 9 7. _. _

00

11

22

33

44

55

66

77

88

99

I OI O

1 11 1

1 21 2

1 31 3

1 41 4

1 51 5

1 61 6

1 71 7

1 81 8

1 91 9

2020

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 . 4 23 . 4 2

3 . 1 73 . 1 7

6 . 4 66 . 4 6

4 . 7 94 . 7 9

6 . 5 66 . 5 6

3 . 0 03 . 0 0

1 . 9 21 . 9 2

7 . 0 07 . 0 0

4 . 0 04 . 0 0

3 . 6 73 . 6 7

0 . 3 60 . 3 6

0 . 2 50 . 2 5

2 . 1 32 . 1 3

1 . 2 51 . 2 5

1 . 7 91 . 7 9

1 . 5 01 . 5 0

3 . 6 33 . 6 3

1 . 3 81 . 3 8

1 . 5 61 . 5 6

1 . 0 41 . 0 4

2 . 9 62 . 9 6

1 . 5 41 . 5 4

1 . 4 21 . 4 2

3 . 7 13 . 7 1

2 . 6 72 . 6 7

6 . 7 96 . 7 9

4 . 8 34 . 8 3

2 . 0 62 . 0 6

4 . 3 64 . 3 6

2 . 6 32 . 6 3

3 . 1 73 . 1 7

1 4 . 6 71 4 . 6 7

1 4 . 2 51 4 . 2 5

1 4 . 2 51 4 . 2 5

1 6 . 0 41 6 . 0 4

1 6 . 7 91 6 . 7 9

1 6 . 5 01 6 . 5 0

1 5 . 6 71 5 . 6 7

1 3 . 5 61 3 . 5 6

1 6 . 7 91 6 . 7 9

1 7 . 7 ,1 7 . 7 ,

1 4 . 6 31 4 . 6 3

1 5 . 3 61 5 . 3 6

1 5 . 9 21 5 . 9 2

1 4 . 6 41 4 . 6 4

1 4 . 9 61 4 . 9 6

1 4 . 9 61 4 . 9 6

1 5 . 0 61 5 . 0 6

1 3 . 2 11 3 . 2 1

1 3 . 7 91 3 . 7 9

I O . 6 3I O . 6 3

9 . 9 29 . 9 2

9 ~ 6 79 ~ 6 7

6 . 7 96 . 7 9

1 1 . 4 21 1 . 4 2

6 . 3 36 . 3 3

6 . 7 56 . 7 5

1 0 . 4 61 0 . 4 6

5 . 1 35 . 1 3

3 . 7 53 . 7 5

1 0 . 0 01 0 . 0 0

1 0 . 4 21 0 . 4 2

1 0 . 2 51 0 . 2 5

February IO, 1998



Windrow Number Construction Date Date Monitored Age (Dqw) PRE- Turn (%) POST- Turn (%)

3 23 2 5 . 2 55 . 2 5

3 33 3 5 . 6 35 . 6 3

3 43 4 0 , 3 80 , 3 8

3 53 5 3 . 9 63 . 9 6

3 63 6 6 . 3 66 . 3 6

3 73 7 6 . 0 46 . 0 4

3636 7 . 2 97 . 2 9

3 93 9 2 . 6 32 . 6 3

4 04 0 0 . 0 00 . 0 0

4 14 1 0 . 0 60 . 0 6

4 24 2 0 . 1 30 . 1 3

4 34 3 0 . 1 70 . 1 7

4 44 4 0 . 3 30 . 3 3

4 54 5 0  0  0808

4 64 6 0 . 6 80 . 6 8

4 74 7 1 . 6 71 . 6 7

4646 0 . 5 00 . 5 0

4 94 9 0 . 7 90 . 7 9

5 05 0 0 . 5 60 . 5 6

5 15 1 1 . 7 51 . 7 5

5 25 2 4 . 0 64 . 0 6

5 35 3 2 . 4 22 . 4 2

1 0 ~ 3 61 0 ~ 3 6 . -. -

9 . 7 19 . 7 1

1 0 . 5 41 0 . 5 4

1 1 . 7 11 1 . 7 1

1 2 . 7 91 2 . 7 9

7 . 0 07 . 0 0

9 . 4 29 . 4 2

1 5 . 2 11 5 . 2 1

7 . 3 67 . 3 6

3 . 2 13 . 2 1

7 . 7 67 . 7 6

0 . 9 20 . 9 2

3 . 5 63 . 5 6

5 . 0 85 . 0 8

7 . 6 77 . 6 7

3 . 0 43 . 0 4

4 . 6 34 . 6 3

3 . 5 43 . 5 4

7 . 3 37 . 3 3

9 . 7 19 . 7 1

1 1 . 9 21 1 . 9 2

1 3 . 6 81 3 . 6 8

-.,

AN average Oxygen values are expressed as a percent

February 10, I998
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C

NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 5 Constructed September 10, 1997

Windrow Average Daily Oxygen

.A \.,=-.-  .\., L ?-..( I :.’

Morrison Knudsen Corporation



Average Daily Windrow  Oxygen Summary Report

Windrow  Number Construction Date Date Monirored Age (0a.w) PRE-Turn (%) POST-Turn (“A)

M I X 5M I X 5 9 1 1 0 1 9 79 1 1 0 1 9 7 9 1 1 0 1 9 79 1 1 0 1 9 7 00

9 1 1 , 1 9 79 1 1 , 1 9 7 11

9 1 1 2 1 9 79 1 1 2 1 9 7 22

9 1 1 3 1 9 79 1 1 3 1 9 7 33

9 1 1 4 1 9 79 1 1 4 1 9 7 44

9 1 1 5 1 9 79 1 1 5 1 9 7 55

9 1 1 6 1 9 79 1 1 6 1 9 7 66

9 / t9 / t   7 1 9 77 1 9 7 77

9 / 1 8 / 9 79 / 1 8 / 9 7 00

9 / t9 / t   9 / 9 79 / 9 7 99

9 1 2 0 / 9 79 1 2 0 / 9 7 1 01 0

9 , 2 1 / 9 79 , 2 1 / 9 7 1 11 1

9 / 2 2 , 9 79 / 2 2 , 9 7 1 21 2

g / 2 3 / 9 7g / 2 3 / 9 7 1 31 3

9 1 2 4 1 9 79 1 2 4 1 9 7 1 41 4

9 1 2 5 / 9 79 1 2 5 / 9 7 1 51 5

9 1 2 6 / 9 79 1 2 6 / 9 7 1 61 6

9 1 2 7 1 9 79 1 2 7 1 9 7 1 71 7

9 , 2 8 / 9 79 , 2 8 / 9 7 1 61 6

9 1 2 9 1 9 79 1 2 9 1 9 7 1 91 9

9 1 3 0 1 9 79 1 3 0 1 9 7 2 02 0

1 0 1 1 1 9 71 0 1 1 1 9 7 2 12 1

1 0 1 2 1 9 71 0 1 2 1 9 7 2 22 2

1 0 1 3 1 9 71 0 1 3 1 9 7 2 32 3

1 0 1 4 1 9 71 0 1 4 1 9 7 2 42 4

1 0 1 5 1 9 71 0 1 5 1 9 7 2 52 5

11  O/ 6 / 9 7O / 6 / 9 7 2 62 6

1 0 / 7 , 9 71 0 / 7 , 9 7 2 72 7

11  O/ 8 / 9 7O / 8 / 9 7 2 62 6

1  1  o / 9 / 9 7o / 9 / 9 7 2 92 9

1 0 1 1 0 1 9 71 0 1 1 0 1 9 7 3 03 0

1 0 , 1 1 / 9 71 0 , 1 1 / 9 7 3 13 1

1 . 0 61 . 0 6

1 . 3 61 . 3 6

1 . 5 61 . 5 6

4 . 6 34 . 6 3

5 , 9 25 , 9 2

4 . 1 74 . 1 7

4 . 0 64 . 0 6

2 . 0 02 . 0 0

0 . 2 50 . 2 5

1 . 4 21 . 4 2

1 . 2 11 . 2 1

1 . 2 91 . 2 9

0 . 5 00 . 5 0

1 . 2 91 . 2 9

4 . 5 04 . 5 0

1 . 2 91 . 2 9

1 . 1 71 . 1 7

0 . 7 90 . 7 9

2 . 7 92 . 7 9

3 . 2 53 . 2 5

4 . 1 74 . 1 7

3 . 2 53 . 2 5

3 . 0 03 . 0 0

4 . 3 34 . 3 3

4 . 3 34 . 3 3

3 . 5 43 . 5 4

3 . 6 33 . 6 3

3 . 9 23 . 9 2

2 . 2 52 . 2 5

3 . 9 23 . 9 2

6 . 6 36 . 6 3

1 5 . 7 91 5 . 7 9

1 4 . 7 51 4 . 7 5

1 4 . 6 81 4 . 6 8

9 . 4 29 . 4 2

1 2 . 5 01 2 . 5 0

1 1 . 6 31 1 . 6 3

1 4 . 0 41 4 . 0 4

1 1 . 1 31 1 . 1 3

l l . 0 0l l . 0 0

1 3 . 2 11 3 . 2 1

1 0 . 2 91 0 . 2 9

1 4 . 0 41 4 . 0 4

1 4 . 2 11 4 . 2 1

1 0 . 0 61 0 . 0 6

6 . 0 06 . 0 0

1 0 . 1 31 0 . 1 3

6 . 5 66 . 5 6

0 . 5 40 . 5 4

5 . 5 05 . 5 0

1 1 . 6 31 1 . 6 3

1 0 . 4 61 0 . 4 6

9 . 6 69 . 6 6

9 . 4 69 . 4 6

1 1 . 5 01 1 . 5 0

1 1 . 2 51 1 . 2 5

1 1 . 6 31 1 . 6 3

6 . 7 56 . 7 5

4 . 0 44 . 0 4

5 . 0 05 . 0 0

1 1 . 3 31 1 . 3 3

1 1 . 4 21 1 . 4 2

i t . 7 1i t . 7 1

February IO,1998



Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (%) POST-Turn (%)

3 23 2 3 . 3 63 . 3 6

3 33 3 4 . 5 64 . 5 6

3 43 4 4 ~ 4 64 ~ 4 6

3 53 5 4 . 5 44 . 5 4

3 63 6 7 . 6 37 . 6 3

3 73 7 6 . 6 76 . 6 7

3 83 8 0 . 4 20 . 4 2

3 93 9 1 . 2 11 . 2 1

4 04 0 2 . 7 52 . 7 5

4 14 1 3 . 5 03 . 5 0

4 24 2 6 . 9 26 . 9 2

4 34 3 6 . 0 46 . 0 4

4 44 4 6 . 2 96 . 2 9

4 54 5 7 . 2 97 . 2 9

4 64 6 1 1 . 0 41 1 . 0 4

4 74 7 1 0 . 5 81 0 . 5 8

4 84 8 1 0 . 5 81 0 . 5 8

4 94 9 1 3 . 7 51 3 . 7 5

5 05 0 1 5 . 6 81 5 . 6 8

5 15 1 1 5 . 4 21 5 . 4 2

1 0 . 5 81 0 . 5 8
~ - ,~ - ,

8 ~ 6 38 ~ 6 3

1 0 . 4 21 0 . 4 2

1 3 . 1 31 3 . 1 3

9 . 6 39 . 6 3

1 3 . 6 31 3 . 6 3

1 5 . 1 31 5 . 1 3

1 1 . 0 01 1 . 0 0

1 2 . 7 51 2 . 7 5

1 4 . 0 41 4 . 0 4

1 5 . 0 41 5 . 0 4

1 6 . 5 01 6 . 5 0

1 7 . 7 11 7 . 7 1

1 7 . 7 91 7 . 7 9

1 6 . 6 71 6 . 6 7

1 9 . 2 91 9 . 2 9

1 9 . 2 11 9 . 2 1

1 7 . 6 71 7 . 6 7

2 0 . 0 02 0 . 0 0

1 9 . 7 11 9 . 7 1

~-.

AN average Oqgen values are expressed as a percent

February IO,1998



NSWC Crane BioFacility Pilot ScaleContamination  Soil Demonstration

Compost Recipe Mix 7A Constructed September 9, 1997

Windrow  Average Daily Oxygen
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Morrison Knudsen Corporation



Average Daily Windrow  Oxygen Summary RepoTt
.-

Vindrow Number Construction Date Date Monitored Age (Days) PRE-Turn (%) POST-Turn (%)

MIX7AMIX7A 91 9 1 9 79 1 9 1 9 7 g / 9 / 9 7g / 9 / 9 7 00

9 1 19 1 1   o / 9 7o / 9 7 11

WI,/97WI,/97 22

9 1 1 2 1 9 79 1 1 2 1 9 7 33

9 / l9 / l   3 / 9 73 / 9 7 44

9 , 1 4 / 9 79 , 1 4 / 9 7 55

9 / l9 / l  5 1 9 7 5 1 9 7 66

9 / 1 6 , 9 79 / 1 6 , 9 7 77

9 1 1 7 1 9 79 1 1 7 1 9 7 66

9 1 1  9 1 1  e / 9 7e / 9 7 99

9 1 1 9 1 9 79 1 1 9 1 9 7 I OI O

9 1 2 0 1 9 79 1 2 0 1 9 7 1 11 1

9 , 2 1 / 9 79 , 2 1 / 9 7 1 21 2

Q / 2 2 / 9 7Q / 2 2 / 9 7 1 31 3

g / 2 3 / 9 7g / 2 3 / 9 7 1 41 4

9 , 2 4 / 9 79 , 2 4 / 9 7 1 51 5

91x/9791x/97 1 61 6

9 1 2 6 1 9 79 1 2 6 1 9 7 1 71 7

c l / 2 7 1 9 7c l / 2 7 1 9 7 1 81 8

9 / 2 8 / 9 79 / 2 8 / 9 7 1 91 9

9 , 2 9 / 9 79 , 2 9 / 9 7 2 02 0

9/m/979/m/97 2 12 1

1 0 1 1 1 9 71 0 1 1 1 9 7 2 22 2

1 0 1 2 1 9 71 0 1 2 1 9 7 2 32 3

11  o/ 3 / 9 7o / 3 / 9 7 2 42 4

1 0 / 4 / 9 71 0 / 4 / 9 7 2 52 5

11  o/ 5 / 9 7o / 5 / 9 7 2 62 6

1 0 1 6 1 9 71 0 1 6 1 9 7 2 72 7

1 0 1 7 1 9 71 0 1 7 1 9 7 2 82 8

1 0 , 6 / 9 71 0 , 6 / 9 7 2 92 9

1 0 , 9 / 9 71 0 , 9 / 9 7 3 03 0

1 0 / 1 0 , 9 71 0 / 1 0 , 9 7 3 13 1

February IO, 1998

6 . 9 26 . 9 2

1 1 . 0 81 1 . 0 8

8 . 6 68 . 6 6

9 . 7 99 . 7 9

1 0 . 1 71 0 . 1 7

1 4 . 3 31 4 . 3 3

1 3 . 1 71 3 . 1 7

7 . 6 67 . 6 6

5 . 1 35 . 1 3

0 . 5 40 . 5 4

2 . 7 12 . 7 1

6 . 2 56 . 2 5

2 . 4 62 . 4 6

4 . 1 34 . 1 3

0 . 4 20 . 4 2

4 . 6 34 . 6 3

0 . 7 50 . 7 5

1 . 2 11 . 2 1

7 . 4 27 . 4 2

1 . 9 61 . 9 6

2 . 2 52 . 2 5

2 . 6 32 . 6 3

3 . 6 73 . 6 7

3 . 0 83 . 0 8

6 . 3 36 . 3 3

5 . 0 45 . 0 4

3 . 0 83 . 0 8

8 . 7 98 . 7 9

8 . 4 28 . 4 2

6 . 0 66 . 0 6

6 . 7 96 . 7 9

1 3 . 6 61 3 . 6 6

1 3 ~ 1 31 3 ~ 1 3

1 5 . 9 61 5 . 9 6

1 6 ~ 4 61 6 ~ 4 6

1 5 . 5 41 5 . 5 4

1 5 . 3 31 5 . 3 3

1 5 . 0 41 5 . 0 4

1 6 . 2 51 6 . 2 5

1 7 . 4 21 7 . 4 2

1 5 . 5 41 5 . 5 4

1 3 . 0 01 3 . 0 0

1 0 . 0 81 0 . 0 8

1 2 . 6 81 2 . 6 8

6 . 6 66 . 6 6

1 1 . 2 11 1 . 2 1

6 . 1 76 . 1 7

5 . 4 65 . 4 6

9 . 4 69 . 4 6

7 . 7 97 . 7 9

5 . 9 25 . 9 2

1 3 . 5 61 3 . 5 6

9 . 0 49 . 0 4

1 2 . 5 01 2 . 5 0

9 . 6 39 . 6 3

1 3 . 6 61 3 . 6 6

1 5 . 6 61 5 . 6 6

1 4 . 3 61 4 . 3 6

1 5 . 0 41 5 . 0 4

1 4 . 5 01 4 . 5 0

1 6 . 0 01 6 . 0 0

1 7 . 1 71 7 . 1 7

1 6 . 7 11 6 . 7 1



Windrow  Number Construction Date Date Monitored Age (Dqs) PRE-Turn (%) POST-Turn (“5)

MIX7AMIX7A 9 1 9 1 9 79 1 9 1 9 7 1 0 / l1 0 / l  1 1 9 7 1 1 9 7 3 23 2 8 , 8 38 , 8 3 1 8 , 6 31 8 , 6 3

1 0 1 1 2 1 9 71 0 1 1 2 1 9 7 3 33 3 9 , 1 79 , 1 7 1 8 ~ 7 51 8 ~ 7 5

11  O i lO i l  3 1 9 7 3 1 9 7 3 43 4 9 . 6 39 . 6 3 1 9 . 0 41 9 . 0 4

1 0 1 1 4 / 9 71 0 1 1 4 / 9 7 3 53 5 1 0 . 7 51 0 . 7 5 1 9 . 4 21 9 . 4 2

1 0 1 1 5 1 9 71 0 1 1 5 1 9 7 3 63 6 1 4 . 5 81 4 . 5 8 1 9 . 0 41 9 . 0 4

11  O i lO i l  6 1 9 7 6 1 9 7 3 73 7 1 3 ~ 4 21 3 ~ 4 2 1 8 . 8 61 8 . 8 6

1 0 1 1 7 / 9 71 0 1 1 7 / 9 7 3 83 8 1 4 . 2 51 4 . 2 5 1 9 . 4 61 9 . 4 6

1 0 1 1 8 1 9 71 0 1 1 8 1 9 7 3 93 9 1 3 . 8 81 3 . 8 8 1 9 ~ 4 61 9 ~ 4 6

1 0 1 1 9 1 9 71 0 1 1 9 1 9 7 4 04 0 1 5 . 5 81 5 . 5 8 1 9 . 3 31 9 . 3 3

11  o/ 2 0 / 9 7o / 2 0 / 9 7 4 14 1 1 5 . 2 91 5 . 2 9 1 9 . 9 21 9 . 9 2

1 0 / 2 1 / 9 71 0 / 2 1 / 9 7 4 24 2 1 5 . 5 01 5 . 5 0 1 9 . 0 01 9 . 0 0

I O / 2 2 1 9 7I O / 2 2 1 9 7 4 34 3 1 6 . 0 41 6 . 0 4 2 0 . 0 02 0 . 0 0

1 0 1 2 3 1 9 71 0 1 2 3 1 9 7 4 44 4 1 7 . 6 71 7 . 6 7 1 9 . 6 31 9 . 6 3

1 0 1 2 4 1 9 71 0 1 2 4 1 9 7 4 54 5 1 7 . 5 81 7 . 5 8 2 0 . 0 02 0 . 0 0

AU average Oxygen values are expressed as a percent

February 10, I998
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Average Daily WindrowOxygen  Summary Report

Windrow Number Construction Date Date Monitored Apz  (Days) PRE-Turn (%) POST-Turn (%)

MIX76MIX76 9 1 1 0 1 9 79 1 1 0 1 9 7 9 / 1 0 / 9 79 / 1 0 / 9 7 00

9 1 1 1 1 9 79 1 1 1 1 9 7 11

9 / l9 / l   2 1 9 72 1 9 7 22

w3197w3197 33

9 , 1 4 / 9 79 , 1 4 / 9 7 44

9 / 1 5 / 9 79 / 1 5 / 9 7 55

9 / 1 6 1 9 79 / 1 6 1 9 7 66

g / 1 7 / 9 7g / 1 7 / 9 7 77

9 , 1 8 / 9 79 , 1 8 / 9 7 88

WI9197WI9197 99

9 / 2 0 / 9 79 / 2 0 / 9 7 1 01 0

9 1 2 1 1 9 79 1 2 1 1 9 7 1 11 1

9 / 2 2 / 9 79 / 2 2 / 9 7 1 21 2

9 / 2 3 / 9 79 / 2 3 / 9 7 1 31 3

9 / 2 4 / 9 79 / 2 4 / 9 7 1 41 4

9 / 2 5 1 9 79 / 2 5 1 9 7 1 51 5

9 1 2 6 1 9 79 1 2 6 1 9 7 1 61 6

9 1 2 7 1 9 79 1 2 7 1 9 7 1 71 7

9 , 2 8 / 9 79 , 2 8 / 9 7 1 81 8

9 , 2 9 / 9 79 , 2 9 / 9 7 1 91 9

9 1 3 0 / 9 79 1 3 0 / 9 7 2 02 0

1 0 1 1 1 9 71 0 1 1 1 9 7 2 12 1

1 0 1 2 1 9 71 0 1 2 1 9 7 2 22 2

1 0 1 3 1 9 71 0 1 3 1 9 7 2 32 3

1 0 1 4 1 9 71 0 1 4 1 9 7 2 42 4

11  o/ 5 1 9 7o / 5 1 9 7 2 52 5

1 0 / 6 / 9 71 0 / 6 / 9 7 2 62 6

1 0 , 7 / 9 71 0 , 7 / 9 7 2 72 7

1 0 , 8 / 9 71 0 , 8 / 9 7 2 82 8

1 0 / 9 / 9 71 0 / 9 / 9 7 2 92 9

1 0 1 1 0 1 9 71 0 1 1 0 1 9 7 3 03 0

1 0 1 1 1 1 9 71 0 1 1 1 1 9 7 3 13 1

February 10.1998

1 0 . 3 81 0 . 3 8

7 . 4 67 . 4 6

1 2 . 0 81 2 . 0 8

1 3 . 6 31 3 . 6 3

1 1 . 2 11 1 . 2 1

1 3 . 2 91 3 . 2 9

7 . 8 37 . 8 3

6 . 2 16 . 2 1

5 . 2 15 . 2 1

9 . 5 49 . 5 4

1 3 . 4 61 3 . 4 6

7 ~ 0 07 ~ 0 0

7 ~ 3 87 ~ 3 8

2 . 5 82 . 5 8

5 . 5 45 . 5 4

3 . 3 33 . 3 3

1 . 2 51 . 2 5

2 . 5 82 . 5 8

2 . 0 42 . 0 4

4 . 2 54 . 2 5

5 . 7 55 . 7 5

2 . 8 82 . 8 8

2 . 0 42 . 0 4

3 . 1 33 . 1 3

4 . 0 04 . 0 0

3 . 6 73 . 6 7

3 . 7 13 . 7 1

4 . 7 54 . 7 5

4 . 0 44 . 0 4

3 . 2 53 . 2 5

8 . 4 68 . 4 6

1 1 . 4 31 1 . 4 3

1 2 . 5 41 2 . 5 4

1 3 . 7 11 3 . 7 1

1 5 . 2 11 5 . 2 1

1 5 . 1 71 5 . 1 7

1 4 . 7 11 4 . 7 1

1 6 . 0 81 6 . 0 8

1 4 . 5 41 4 . 5 4

1 2 . 4 21 2 . 4 2

1 1 . 3 81 1 . 3 8

1 2 . 8 31 2 . 8 3

1 5 . 0 81 5 . 0 8

1 1 . 1 31 1 . 1 3

1 2 . 7 51 2 . 7 5

1 1 . 0 81 1 . 0 8

1 0 . 0 81 0 . 0 8

6 . 9 66 . 9 6

1 0 . 7 11 0 . 7 1

8 . 8 88 . 8 8

1 1 . 3 31 1 . 3 3

1 0 . 0 01 0 . 0 0

8 , 7 18 , 7 1

7 . 0 07 . 0 0

8 . 6 78 . 6 7

1 0 . 0 41 0 . 0 4

5 . 2 15 . 2 1

8 . 0 08 . 0 0

7 . 6 77 . 6 7

9 . 6 39 . 6 3

5 . 2 95 . 2 9

8 . 7 98 . 7 9

1 3 . 7 51 3 . 7 5



Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (%) POST-Turn (%)

MIX7B 9110197 ,0,12,97 3 2 5.33

10113197 3 3 6,42

10/14197 3 4 5.63

10,15/97 3 5 7.67

1  Oil  6/W 3 6 11.46

1  o/1 7197 3 7 7 . 2 9

1  OH 6197 3 8 2.88

10119197 3 9 2 . 4 6

10120197 4 0 5.33

10121197 41 6 . 3 3

1  o/22/97 4 2 7.21

10/23/97 4 3 9 . 9 6

10/24197 4 4 12.36

12~42

11.79

10.33

12.63

10.54

15,aa

10.13

15.33

16.08

15.96

17.66

17.75

16.42

-



NSWC Crane BioFacility Pilot Scale Contamination ,Soil  Demonstration

Compost Recipe Mix 8 Constructed September 8, 1997

Windrow  Average Daily Oxygen

A
t POST

-.-PIE

Optimum

Morrison Knudsen Corporation



Average Daily Windrow  Oxygen Summa y Report

Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (“7) POST-Turn (%)

MIX8MIX8 9 1 8 1 9 79 1 8 1 9 7 9 / a / 9 79 / a / 9 7

9 1 9 1 9 79 1 9 1 9 7

9 / 19 / 1   o / 9 7o / 9 7

9 1 19 1 1   t / 9 7t / 9 7

9/u/979/u/97

9 / l9 / l   3 1 9 73 1 9 7

g / 1 4 / 9 7g / 1 4 / 9 7

9 , 1 5 / 9 79 , 1 5 / 9 7

9 / l9 / l   6 / 9 76 / 9 7

g / 1 7 / 9 7g / 1 7 / 9 7

9 / l9 / l   a / 9 7a / 9 7

9 1 1 9 1 9 79 1 1 9 1 9 7

9 / 2 0 / 9 79 / 2 0 / 9 7

9 , 2 1 / 9 79 , 2 1 / 9 7

9/z/979/z/97.-

9 1 2 3 1 9 79 1 2 3 1 9 7

9 1 2 4 / 9 79 1 2 4 / 9 7

g / 2 5 , 9 7g / 2 5 , 9 7

9 / 2 6 / 9 79 / 2 6 / 9 7

9 1 2 7 1 9 79 1 2 7 1 9 7

9 1 2 8 1 9 79 1 2 8 1 9 7

g / 2 9 , 9 7g / 2 9 , 9 7

g / 3 0 / 9 7g / 3 0 / 9 7

1 0 1 1 1 9 71 0 1 1 1 9 7

1 0 / z / 9 71 0 / z / 9 7

1 0 1 3 1 9 71 0 1 3 1 9 7

1 0 , 4 / 9 71 0 , 4 / 9 7

1 0 1 5 1 9 71 0 1 5 1 9 7

1 0 1 6 1 9 71 0 1 6 1 9 7

1 0 1 7 1 9 71 0 1 7 1 9 7

1 0 1 8 1 9 71 0 1 8 1 9 7

11  o/ 9 , 9 7o / 9 , 9 7
. -. -

00

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

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

2 72 7

2626

2 92 9

3 03 0

3 13 1

a . 4 2a . 4 2

3 . 8 33 . 8 3

6 . 5 46 . 5 4

6 . 6 76 . 6 7

4 . 6 74 . 6 7

6 . 6 76 . 6 7

3 . 2 13 . 2 1

7 . 9 67 . 9 6

4 . 0 84 . 0 8

4 . 7 94 . 7 9

9 . 5 89 . 5 8

4 . 2 54 . 2 5

8 . 2 58 . 2 5

2 . 8 82 . 8 8

5 . 3 35 . 3 3

2 . 1 32 . 1 3

5 . 5 05 . 5 0

2 . 9 62 . 9 6

1 . 7 11 . 7 1

4 . 8 34 . 8 3

3 . 1 33 . 1 3

2 , 0 42 , 0 4

1 . 6 71 . 6 7

2 . 0 82 . 0 8

2 . 3 82 . 3 8

3 . 7 13 . 7 1

5 . 0 55 . 0 5

2 . 1 72 . 1 7

3 . 7 93 . 7 9

3 . 1 73 . 1 7

3 . 0 83 . 0 8

1 6 . 3 81 6 . 3 8

1 5 . 3 81 5 . 3 8

1 6 . 5 01 6 . 5 0

1 6 . 9 61 6 . 9 6

1 7 . 2 91 7 . 2 9

1 7 . 5 01 7 . 5 0

1 5 . 3 31 5 . 3 3

1 6 . 0 01 6 . 0 0

1 6 . 1 31 6 . 1 3

1 7 . 4 61 7 . 4 6

1 5 , l 31 5 , l 3

1 6 , 9 21 6 , 9 2

1 6 . 0 41 6 . 0 4

1 4 . 9 21 4 . 9 2

1 5 . 9 21 5 . 9 2

1 1 . 7 51 1 . 7 5

1 1 . 1 31 1 . 1 3

1 0 . 8 61 0 . 8 6

1 2 . 5 01 2 . 5 0

1 0 . 8 31 0 . 8 3

1 2 . 9 21 2 . 9 2

1 3 . 7 11 3 . 7 1

1 1 . 7 11 1 . 7 1

9 . 0 69 . 0 6

1 0 . 7 51 0 . 7 5

I O . 5 4I O . 5 4

7 . 9 27 . 9 2

1 0 . 0 41 0 . 0 4

a . 5 7a . 5 7

6 . 2 56 . 2 5

7 . 2 57 . 2 5

1 1 . 1 31 1 . 1 3



Windrow Number Construction Date Date Monitored Ape (Davs) PRE-Turn I%) POST-Turn I%)

M I X 8M I X 8 9 1 6 1 9 79 1 6 1 9 7 1 0 / 1 0 1 9 71 0 / 1 0 1 9 7 3 23 2 8 . 2 98 . 2 9 1 2 . 4 61 2 . 4 6

1 0 1 1 1 1 9 71 0 1 1 1 1 9 7 3 33 3 5 . 5 85 . 5 8 1 2 . 2 91 2 . 2 9

11  O i lO i l   2 1 9 72 1 9 7 3 43 4 6 . 0 46 . 0 4 9 . 6 79 . 6 7

1 0 , 1 3 / 9 71 0 , 1 3 / 9 7 3 53 5 4 . 6 34 . 6 3 1 1 . 3 81 1 . 3 8

1 0 , 1 4 / 9 71 0 , 1 4 / 9 7 3 63 6 7 . 3 87 . 3 8 1 1 . 3 31 1 . 3 3

1 0 , 1 5 / 9 71 0 , 1 5 / 9 7 3 73 7 4 . 3 84 . 3 8 1 0 . 6 71 0 . 6 7

I O / 1 6 1 9 7I O / 1 6 1 9 7 3 83 8 4 . 6 34 . 6 3 9 . 9 69 . 9 6

1 0 1 1 7 1 9 71 0 1 1 7 1 9 7 3 93 9 4 . 0 44 . 0 4 1 1 . 2 51 1 . 2 5

11 O i l   O i l  8 1 9 78 1 9 7 4 04 0 0 . 0 40 . 0 4 7 . 7 57 . 7 5

1 0 1 1 9 1 9 71 0 1 1 9 1 9 7 4 14 1 0 . 4 60 . 4 6 , I , 7 1, I , 7 1

1  1  o / 2 0 / 9 7o / 2 0 / 9 7 4 24 2 0 . 4 60 . 4 6 3 . 8 83 . 8 8

1 0 , 2 1 , 9 71 0 , 2 1 , 9 7 4 34 3 2 . 6 72 . 6 7 6 . 5 46 . 5 4

1 0 / 2 2 / 9 71 0 / 2 2 / 9 7 4 44 4 2 . 1 32 . 1 3 1 1 . 6 31 1 . 6 3

1 0 1 2 3 1 9 71 0 1 2 3 1 9 7 4 54 5 5 . 0 85 . 0 8 1 0 . 8 31 0 . 8 3

11  o/ 2 4 / 9 7o / 2 4 / 9 7 4 64 6 3 . 2 53 . 2 5 1 2 . 5 81 2 . 5 8

AN average Oxygen values are expressed as a percent

Februay lo,1998



NSWC Crane
SWMU  33100,  Bioremediation  Facility
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APPENDIX M
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APPENDIX M
TABLE OF CONTENTS

DESCRIPTION NO. PAGES

CONTAMINATED SOIL pH  14 pages
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NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 1 Constructed October 9, 1997

Windrow  Average Daily PH

9

8 .

7 . . .
.

6 .

5 .

4 .

Morrison Knudsen Corporation
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Average Daily Windrow  PH Summary Report

Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (STD Units)

MlXl 1 o/9,97 10110197 1 6.64

10,14/97 5

10120197 11

10128197 19

AN average PH values are expressed in standard units

February IO,  1998
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Average Daily Windrow PH Summary Report

-
Windrow Number Construction Date Date Monitored Age (Days) PRE- Turn (STD Units)

MIX3MIX3 9 1 9 1 9 79 1 9 1 9 7 9 1 1 1 1 9 79 1 1 1 1 9 7 22

9 / l9 / l 7 1 9 77 1 9 7 88 8 . 6 38 . 6 3

9 1 2 4 1 9 79 1 2 4 1 9 7 1 51 5 0 . 3 80 . 3 8

11o/ 2 / 9 7o / 2 / 9 7 2 32 3 8 . 9 38 . 9 3

1 0 1 8 / 9 71 0 1 8 / 9 7 2 92 9 8 . 8 08 . 8 0

1 0 1 1 4 1 9 71 0 1 1 4 1 9 7 3 53 5 8 . 8 38 . 8 3

11o/ 2 0 / 9 7o / 2 0 / 9 7 4 14 1

AN average PH values are expressed in standard units

February l&l998



NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 5 Constructed September 10, 1997

Windrow  Average Daily PH

Morrison Knudsen Corporation
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Average Daily Windrow PH Summary Report

Windrow Number

MIX‘l

_~.~
Construction Date Dote Monitored Age (Days) PRE-Turn (STD  U&s)

918197 9112197 4 5,43

9117197 9 5.55

9124197 16 7.50

1012197 24

1 Oil  3197 35

1 Oil  5/97 37 7.83

10120197 42

10128197 50

All  average PH values are expressed in standard units

February IO,  1998



NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 4 Constructed September 8, 1997

Windrow  Average Daily PH

9

8

t POST

l
t l El-.-  P R E

-.
.

7 .

Morrison Knudsen Corporation



Average Daily Windrow  PH Summary Report

Windrow Number Construction Date Date Monitored Age (Days) PRE-Turn (STD Units)

M I X 5M I X 5 9 1 1 0 1 9 79 1 1 0 1 9 7 9 1 1 2 1 9 79 1 1 2 1 9 7 22 6 , 8 X6 , 8 X

9 1 1 7 1 9 79 1 1 7 1 9 7 77 5 . 7 55 . 7 5

9 1 2 4 1 9 79 1 2 4 1 9 7 1 41 4 7 . 5 87 . 5 8

1 0 1 1 1 1 9 71 0 1 1 1 1 9 7 3 13 1 8 . 0 08 . 0 0

1 0 1 1 5 1 9 71 0 1 1 5 1 9 7 3 53 5 8 . 6 38 . 6 3

1 0 , 2 0 , ! 3 71 0 , 2 0 , ! 3 7 4 04 0

1 0 / 2 8 / 9 71 0 / 2 8 / 9 7 4 84 8

-.

All average PH values are expressed in standard units

February IO,1998
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NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 7A Constructed September 9, 1997

Windrow  Average Daily PH

.
.-

. .
.

.

Morrison Knudsen Corporation
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Average Daily Windrow  PH Summary Report

Windrow Number Construction Dote Date Monitored Age (Da.w) PRE- Turn (STD  Units)

MIX7A 919197 911,197 2

9117197 8 8.25

9,x/97 17 8.50

1012197 23

1 ow197 29 8.00

10114197 35 8.58

10120197 41

AN nverage  PH values are expressed in standard units

February 10, I998
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NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 78 Constructed September 10, 1997

Windrow  Average Daily PH

. -..

I

Morrison Knudsen Corporation
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Average Daily Windrow  PH Summary Report
,..,,_-...  ,,,  ._--_

Windmw Number Cnnslructi~n Date Date Monitored .4ge (Dqw) PRE-Turn (STD  Units)

MIX7B 9110197 9,11/97 1

9117197 7 8.97

I o/a/97 28 a.75

10114197 3 4 a.97

IO/20197 4 0

All  average PH values me expressed in standard units

February  IO,1998



NSWC Crane BioFacility Pilot Scale Contamination Soil Demonstration

Compost Recipe Mix 8 Constructed September 8, 1997

Windrow  Average Daily PH

9.

6

7. /
.’

6.
./

4 .

3 .

2

1

Morrison Knudsen Corporation
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Average Daily Windrow  PH Summary Report

Construction Date Date Monitored Age (0a.s)
-

PRE-Turn (STD Units)
.=-

9 / a / 9 79 / a / 9 7 9 1 1 2 1 9 79 1 1 2 1 9 7 4 5.68

9 / 1 7 1 9 79 / 1 7 1 9 7 99 6 . 7 5

9 1 2 3 1 9 79 1 2 3 1 9 7 1 51 5 8 . 0 08 . 0 0

11  o/ 2 / 9 7o / 2 / 9 7 2424

1 0 1 6 1 9 71 0 1 6 1 9 7 3030 795795

IO , 1 1 1 9 7I O , 1 1 1 9 7 3 33 3 7 . 9 57 . 9 5

11  O / lO / l   5 1 9 75 1 9 7 3 73 7 8 ~ 0 38 ~ 0 3

1 0 1 2 0 1 9 71 0 1 2 0 1 9 7 4 24 2 8 . 6 38 . 6 3



NSWC Crane
SWMU 33/00.  Bioremediation  Facility
Pilot-Scale Treatabil i ty Test Report

APPENDIX N
CONTAMINATED SOIL C:N

N-l 04/14/98



APPENDIX N
TABLE OF CONTENTS

DESCRIPTION NO. PAGES

CONTAMINATED SOIL C:N 1 page

NSWC Crane
SWMU 33/00,  Bioremediation Facility
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Average Total Organic Carbon to Kjeldahl Nitrogen Concentration Percent Ratio

Total Organic Carbon to Nitrogen Ratio

3 0 - --CMIXi

-=-MIX3

---MIX4

*MIX5

+ MIX7A
2 5 - +MIX’IB

+MIX8

” ,

0 5 1 0 2 0 30 4 0 6 0

Wtndrow  Age in Cays
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APPENDIX 0
CONTAMINATED SOIL AMBIENT
TEMPERATURE AND HUMIDITY

NSWC Crane
SWMU 33/00.  Bioremediation Facility
Pilot-Scale Treatabil i ty Test Report o-1 04/14/98
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APPENDIX P
CONTAMINATED SOIL EXPLOSIVES DEGRADATION

NSWC Crane
SWMU 33/00.  Sioremediation  Facility
Pilot-Scale Treatabil i ty Test Report P-l 04/14/98



APPENDIX P
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DESCRIPTION NO. PAGES

CONTAMINATED SOIL EXPLOSIVES DEGRADATION 9 pages
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NSWC Crane BioFacility Pilot Scale Contaminated Soil Demonstration

Average 2,4,6-TNT Concentrations (UG/KG)

Explosives Summary Results Graph
+ Mix1

+Mix3

- - - M i x 4

* M i x 5

+ Mix7A

&MixTB

+Mix8

0 5 1 0 2 0 30 40 60

Windrow  Age in Days



Average Daily Windrow  2,4,6-TNT Summary Report

Windrow Number Construction Date Date Monitored Age (Days) Avg. Cont. (UC/KG)

MIX1MIX1 1 0 1 9 1 9 71 0 1 9 1 9 7

MIX,MIX, 1 0 , 9 / 9 71 0 , 9 / 9 7

MIX,MIX, 1 0 1 9 1 9 71 0 1 9 1 9 7

MIX1MIX1 1 0 1 9 1 9 71 0 1 9 1 9 7

MIX1MIX1 11  o/ 9 / 9 7o / 9 / 9 7

M I X 3M I X 3 g / 9 / 9 7g / 9 / 9 7

M I X 3M I X 3 g / 9 / 9 7g / 9 / 9 7

M I X 3M I X 3 9 1 9 1 9 79 1 9 1 9 7

M I X 3M I X 3 9 1 9 / 9 79 1 9 / 9 7

M I X 3M I X 3 9 1 9 1 9 79 1 9 1 9 7

M I X 3M I X 3 g / 9 / 9 7g / 9 / 9 7

M I X 3M I X 3 g / 9 , 9 7g / 9 , 9 7

M I X 4M I X 4 9 1 6 1 9 79 1 6 1 9 7

M I X 4M I X 4 9 1 6 1 9 79 1 6 1 9 7

M I X 4M I X 4 9 1 6 1 9 79 1 6 1 9 7

M I X 4M I X 4 9 1 6 1 9 79 1 6 1 9 7

M I X 4M I X 4 9 1 6 1 9 79 1 6 1 9 7

M I X 4M I X 4 9 1 6 1 9 79 1 6 1 9 7

M I X 4M I X 4 9 1 6 1 9 79 1 6 1 9 7

M I X 5M I X 5 9 / 1 0 / 9 79 / 1 0 / 9 7

M I X 5M I X 5 9 1 1 0 1 9 79 1 1 0 1 9 7

M I X 5M I X 5 9 , 1 0 / 9 79 , 1 0 / 9 7

M I X 5M I X 5 9 1 1  9 1 1  o / 9 7o / 9 7

M I X 5M I X 5 9 1 1 0 1 9 79 1 1 0 1 9 7

M I X 5M I X 5 9 / 1 0 , 9 79 / 1 0 , 9 7

M I X 5M I X 5 9 / 1 0 , 9 79 / 1 0 , 9 7

Monday,Monday, A p r i lA p r i l 1 3 .1 3 . 1 9 9 81 9 9 8

00 5 9 1 2 35 9 1 2 3

55 3 6 4 23 6 4 2

I OI O 2 7 4 6 42 7 4 6 4

2 02 0 2 9 7 42 9 7 4

3 03 0 1 2 5 01 2 5 0

00 2 6 1 9 12 6 1 9 1

55 6 6 5 66 6 5 6

1 01 0 6 5 06 5 0

2 02 0 14451445

3 03 0 2 6 3 42 6 3 4

4 04 0 676676

6 06 0 4 9 14 9 1
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4 04 0 1 3 4 21 3 4 2

6 06 0 14731473

00 8 4 6 4 68 4 6 4 6

55 3 3 6 9 23 3 6 9 2

I OI O 3 1 2 0 03 1 2 0 0

2 02 0 6 7 06 7 0

3 03 0 4 7 34 7 3

4 04 0 4 6 94 6 9
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Windrow Number Construction Date Date Monitored Ape  fDa,a)  AVE.  Cont. (UC/KG)

MIX7A

MIX7A

MIX7A

MIX7A

MIX,A

MIX7A

MIX7A

MIX76

MIX78

MIX7B

MIX7B

MIX7B

MIX7B

MIX7B

M I X 8

M I X 8

M I X 8

M I X 8

M I X 8

M I X 8

M I X 8

919197

w/97

g/9/97

919197

w/97

g/9,97

919197

9/l  0197

9/I 0197

9110197

9110197

9110197

g/10/97

9110197

9kY97

9/6/97

916197

9/8,97

9/8,97

9/6/97

916197

919197 0 190536

g/14,97 5 2 4 9 3 4

9119197 10 3 2 2 6

9129197 2 0 7 7 7

IO/9197 3 0 4 0 7 0

1 o/1  9/97 4 0 3 1 7 6 9

I,/8197 6 0 1 2 4 6

9110197 0 1 4 8 5 1 4

9115197 5 5 7 1 6

9120197 10 2 5 0

g/30/97 2 0 4 9 7

1 O/l  0197 3 0 6 2 2

1 o/20/97 4 0 3 3 7

1119197 60 1 0 1 2

9/e/97 0 164169

9/l  3197 5 3 1 7 5 2

9/18/97 1 0 3 1 2 0 0

9126197 2 0 6 0 2

1016197 3 0 2 5 9 4

10,18/97 4 0 7 3 5

I,",97 6 0 9 2 7
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Average Daily Windrow  RDX Summary Report

Windrow Number Construction Date Date Monitored Age (Days) Avg. Cont. (UC/KG)

MIX, 1 0 1 9 1 9 7

MIX1 10,9/97

MIX1 10,9/97

MIX, 1 0 1 9 1 9 7

MIX 1 10,9,97

MIX3 919197

MIX3 919197

MIX3 9 1 9 1 9 7

MIX3 919197

MIX3 g/9/97

MIX3 g/9/97

MIX3 g/9,97

MIX4 9 1 8 1 9 7

MIX4 9/s/97

MIX4 9/s/97

MIX4 9/s/97

MIX4 9,8/97

MIX4 9/s/97

M I X 4 9/s/97

MIX5 9 1 1 0 1 9 7

MIX5 9/l  o/97

MIX5 9/t 0197

MIX5 9/10/97

MIX5 9/l  o/97

MIX5 9110197

MIX5 911  o/97

Monday. April 13, I998

1019197 0 971231

10,14/97 5 78.8571

10,19/97 10 571357

to/29197 2 0 297533

1  ,/s/97 3 0 153t54

g/9197 0 806077

9/t 4/97 5 77008

9/t 9/97 10 6 3 8 5

g/29,97 2 0 5 3 3 4

1  o/9/97 30 9 3 9 5

1 0 1 1 9 1 9 7 4 0 2205

1  j/8,97 60 1910

918197 0 5725365

9/l  3197 5 3615385

9118l97 10 3853646

9128l97 2 0 2 6 2 8 5 7

1  O/8/97 3 0 4 3 1 2

10/18/97 4 0 4321

f f/7,97 6 0 3 0 8 2

9,10/97 0 3093077

9/t 5/97 5 2 7 5 6 9 2 3

9/20/97 10 2141786

g/30/97 2 0 12008

10/10/97 3 0 2 5 2 6

10,20/97 4 0 2 8 5 7

1  I/!3197 6 0 3655
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MIX7A

MIX7A

MIX7A

MIX7A
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MIX7A

MIX76

MIX7B

MIX7B
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MIX7B
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w/97
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g/9,97
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9/10197
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9110197

9/l  0197

9110197
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918197
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9 1 9 1 9 79 1 9 1 9 7 00 3 0 0 1 7 6 93 0 0 1 7 6 9
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9 / 2 0 / 9 79 / 2 0 / 9 7 10 6991
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Average Daily Windrow HmSummary  Report

Windrow Number Construction Date Date Monitored Age (Days) Avg. Cont. (UC/xc)

MIX1

MIX1

M I X ,

MIX,

MIX1
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MIX3

MIX3

MIX3

MIX3

MIX3

MIX3

- MIX4

MIX4

MIX4

MIX4

MIX4

MIX4

MIX4

MIX5

MIX5

MIX5

MIX5

MIX5

MIX5

MIX5

MIX7A

1 o/9/97

1  O/S/S7

1  O/S/S7

10,9/97

1  o/9/97
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919197
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9/6,97
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9 1 1 0 1 9 7
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Windrow Number Construction Date Dote Monitored Age (Days) Avg. Cont. (UC/KG) -

MIX7A 9 1 9 1 9 79 1 9 1 9 7
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1.0 
INTRODUCTION 

Time-integrated industrial hygiene (IH) bioaerosol sampling was completed on September 12, 1997 to 
establish background levels of airborne bacteria and fungi (molds and yeast). A duplicate bioaerosol 
sampling campaign was obtained on the same day inside of the Compost Building 3 during contaminated 
soil composting and the results compared to background concentrations to determine if a higher 
concentration of bacteria and fungi (molds and yeast) exists inside of structure during active composting. 
and if so, the potential employee health concerns. 

Time-integrated IH air sampling for total metals and for explosive aerosols/vapors was completed during 
contaminated soil excavation and screening. Samples were obtained at NSWC Crane Mine Fill A 
excavation site on August 22, 1997 and August 26, 1997. Sampling for the same analytes was also 
completed on September 22, 1997 inside of Compost Building 3. Time-integrated IH air sampling for 
hydrocarbons was completed on September 24, 1997 inside of Compost Building 2. 

IH monitoring using direct reading instrumentation was completed at various times during pilot scale for 
physical and chemical agents. They included the following: 

A. Total Dust using portable Laser Dust Monitor. 
B. Chemical Agents using calorimetric indicator tubes, combustible gas meter, and 

photo-ionization detector (PID). 
C. Heat Stress based on worker pulse rates and ear cane1 temperature readings. 
D. Sound Level Surveys. 

Equipment, sampling media and analytical services for time integrated IH air sampling were provided by 
Lyle Environmental Management, Inc. under Purchase Order (PO) 2F6-4324-2783. Field monitoring and 
sampling was conducted by MK personnel. 

1.1 PURPOSE AND OBJECTIVES 

Bioaerosols 

The purpose of the bioaerosol sampling campaign was to evaluate bioaerosol air concentrations inside of 
Compost Building 3 using Andersen Two-Stage Impactors obtaining both respirable and non-respirable 
sized samples. The results were compared both qualitatively and quantitatively to background bioaerosol 
air samples. Background samples were obtained from an ambient outdoor location upwind from the 
perimeter of the Compost Building. 

More specifically, the objective of this sampling was to assess whether airborne bioaerosol concentrations 
of total bacteria including pathogenic species such as E.co/i. along with fungi (molds and yeast) including 
Aspergdlus species such as Aspergillus fumigatus, inside of the Compost Building 3 are less than or equal 
to the airborne bioaerosol concentrations for the same constituents in the ambient outdoor air outside and 
upwind of the perimeter of the Building. The results were compared to any recommended occupational 
exposure limits to further characterize the potential human health exposure risks from bioaerosols during 
active composting operations. 

The results were also used to validate the adequacy of engineering, administrative, and personal 
protective equipment (PPE) controls established in the Pilot Scale Operational Plan and to determine if 
any upgrading or downgrading is necessary or acceptable for continued production operations, 

NSWC Crane 
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Explosive AerosolNapors. Metals and Oraanics 

The purpose of the sampling was to further characterize the potential human health exposure risks 
associated with explosive aerosol/vapors and metals during soil excavation and screening and 
composting of contaminated soil. The results of this IH sampling campaign were used to validate the 
adequacy of the engineering, administrative, and personal protective equipment (PPE) controls 
established ins the SSHP and to determine if any upgrading or downgrading is necessary or acceptable for 
continued production operations. Hydrocarbon area sampling was conducted for the purpose of 
determining what, if any, hydrocarbon constituents may be present inside of a Compost Building during 
active compostmg. 

The objective was to evaluate total explosive aerosol and vapor concentrations and total metal dust 
concentrations at the excavation site and inside of Compost Building 3 using personal and area time 
integrated IH air sampling. More specifically, the sampling campaign was conducted to verify that the time 
weighted air concentration of TNT and RDX is below the permissible exposure limit (PEL) of 1.5 mg/m3 
established by the Occupational Safety and Health Administration (OSHA. 1996)~ For TNT, the Threshold 
Limit Value -Time Weighted Average (TLV-TWA) is 0.5 mg/m3 set by the American Conference of 
Governmental Industrial Hygienists (ACGIH, 1996). The ACGIH TLV-TWA for RDX is the same as the 
OSHA PEL. For metals and hydrocarbons, the time weighted concentrations for each analyte was 
compared to the OSHA PELs and ACGIH TLV-TWA to verify they are below acceptable limits 

In this report aerosol refers to a assembly of liquid or solid particles suspended in a gaseous medium long 
enough to enable observation and measurement. Generally, the sizes of aerosols particles are in the 
0.001-100 micrometer (pm) range. Dust particles are a subset of aerosols. They are defined as solid 
particles formed by the crushing or other mechanical breakage of a parent material. These particles 
generally have irregular shapes and are larger then about 0.5 (urn). Vapor refers to the volatile form of 
substances that are normally in the solid or liquid state at room temperature and pressure. The 
nitroaromatic and nltroamine compounds in soil and the metals may become airborne as an aerosol during 
excavation and the soil screenrng process. 

During composting when windrows are turned to facilitate perturbation processes, workers could be 
exposed to these chemicals and possibly their transformation products in the form of aerosol suspensions 
and by direct contact. The possibility also exists that the thermophilic heat of reaction in compost piles, 
estimated to be in the range of 45 to 65 “C (Celsius), could contribute enough heat to cause TNT and 
some of its transformation products to volatilize and exist in a vapor state inside of the structure as well. 
This may also be true for some of the transformation products of RDX and HMX, 

Total Dust Air Monitorinq 

A direct reading instrument was used to measure total dust concentrations during selected tasks which 
have the potential for creating airborne nuisance dust. The objective was to verify dust levels were being 
maintained below an action level of 10 mg/m3 in the immediate work zone and below 1 .O mg/m’ at work 
site per/meters. 

Other Chemical Aaents 

Direct reading instrumentation including calorimetric indicator tubes were used to measure organic and 
inorganic gases and vapors. The objective was to test for known or potential off-gases associated with 
composting operations, and if found, insure proper controls were in place to protect worker safety and 
health. 
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Heat Stress 

Periodic monitoring of worker pulse rate and ear canal temperatures was completed. Ear canal 
temperatures were obtained using a Thermoscan instrument and pulse rates were obtained manually. The 
purpose was to assess potential heat stress conditions and to establish initial work/rest regimes when 
workers were wearing impervious protective clothing during their acclimatization period. 

A baseline sound level survey was obtained on all operational equipment to determine if the action level of 
85 dBA is exceeded both inside “cab enclosed” equipment and in the near vicinity of equipment where 
operators may be positioned during operation. The results of the surveys were used to establish 
requirements for hearing protection devices (HPD). Time weighted noise dose was determined for the 
Scarab operator and one Environmental Technician using a noise dosimeter. Two samples were split shift 
and one was full shift. 

Wioe Samoles 

Wipe samples for explosive residues were obtained from the decontamination area (shower trailer), 
laboratory lunch room and health and safety office. 

1.2 DEFINITION OF TERMS 

The following definitions are included for understanding the bioaerosol sampling results. 

Colony Forming Unit (cfu)- one or more cells that grow to form a single visible colony 

cfu/m3 -number of colony forming units expressed per meter cubed of air. Represents the concentration of 
bioaerosols in air 

Sample Median measure of central tendency, the value that divides the data into halves. The median is 
generally used when an underlying population distribution shape is not assumed, and is the measure of 
central tendency used in nonparametric statistics. It is often used with data that has a highly skewed 
distribution, i.e. there exists a sizeable portion of the data with either extremely high values, or extremely 
low values relative to the rest of the data. 
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2.0 
MATERIALS 

2.1 BIOAEROSOL SAMPLING 

A Stapiex. Model VM-5 high volume sampling pump was used. A Gilibrator-2 Bubble Generator was used 
to obtain calibration data on the pump. The sampling train included a Two-Stage Andersen lmpactor 
calibrated using a plastic evacuation chamber approximately 4 liter (L) in volume with calibration specific 
petri dishes. One hundred percent ethanol in the form of Ever&a69 grain alcohol was used in the field to 
disinfect the Impactor. Miscellaneous consumables included sterile disposable gloves, freezer bags, 
spray bottle, aluminum pans, and towelettes. An electronic timer was used to time each samplrng run. 

Samples were collected by impaction on preselected growth media plates (petri dishes) using the high 
volume sampling pump with Two-Stage Andersen Impactor. The growth media was Standard Method 
Agar (SMA) for bacteria and acidified Potato Dextrose Agar (PDA) for fungi (molds and yeast). The 
Andersen Two-Stage uses plastic petri dishes containing 20 mL of the appropriate growth media prepared 
by the analytical laboratory. The SMA is non-selective and is a general purpose agar which can be used 
both for bacteria and fungi (molds and yeast). The PDA is selective agar for fungi (molds and yeast), 
especially Aspergillus species. 

Both the SMA and PDA are suppked to the analytical laboratory by Becton Dickmson and Company, The 
approximate formula for SMA per L purified water is: 5.0 g pancreatic digest of casein; 2.5 g yeast extract; 
1.0 g dextrose; and 15.0 g agar. The approximate formula for PDA per L purified water is: 4.0 g potato, 
infusion from (solids); 20.0 g dextrose; and 15.0 g agar. The calibration specific petri dishes are extra 
sampling petri dishes filled with either SMA or PDA. They were used only for determining the pre- and 
post-sampling flow rates of the sampling pump. 

2.2 EXPLOSIVE AEROSOLNAPORS SAMPLING 

Air Samples were obtained using Gillian and SKC multi-flow sampling pumps. The pumps were flow 
calibrated using a Gilibrator electronic bubble meter. Air samples were collected on a sorbent and filter 
tube, specifically, a 270/140 XAD-2 and glas,s fiber filter, OSHA Versatile Sampler (OVS) Tubes For 
personal samples, an OSHA Versatile Sampler (OVS) Tube Holder from SKC Corporation was used to 
hold the OVS Tube in place, fastened to the worker, and connected to the sampling train. 

2.3 METALS SAMPLING 

Air Samples were obtained using Gillian and SKC multi-flow sampling pumps. The pumps were flow 
calibrated using a Gilibrator electronic bubble meter. Air samples were collected on 0.5 urn cellulose ester 
membrane (MCE) filter with support pad with 3-piece 37 mm clear styrene acrylonitrile (SAN) cassette. 
For all samples, a cassette holder from SKC Corporation was used to hold the cassette in place and 
connected to the sampling train. 

2.4 ORGANICS SAMPLING 

Air Samples were obtained using Gillian and SKC multi-flow sampling pumps. The pumps were flow 
calibrated using a Gilibrator electronic bubble meter. Air samples were collected on solid sorbent tubes, 
coconut shell charcoal, 100 mg/50 mg. For all samples, a tube holder from SKC Corporation was used to 
hold the sorbent tube in place and connected to the sampling train. 
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2.5 TOTAL DUST AIR MONITORING 

Air monitoring for total dust was completed using a Sensidyne Laser Dust Monitor, Model LD-1 

2.6 OTHER CHEMICAL AGENT AIR MONITORING 

An MSA Kwik-Draw handpump, Serial Number 7228 was used for air monitoring using calorimetric 
indicator tubes. Calorimetric indicator tubes were also MSA supplied and included the following tubes: 1) 
ammonia, 2) carbon dioxide, 3) hydrogen sulfide, 4) formaldehyde, 5) nitrogen dioxide, 5) acetone. 6) 
petroleum compounds, 7) toluene, 8) dichloromethane, and 9) alcohol / methanol / propanol. 

A PhotoVac MicroTip, Model MP-1000 photo ionization detector (PID) was used for general area 
monitoring for total organics inside of Compost Building 3. 

A Industrial Scientific Model TMX-412 multi-gas meter was used for general area monitoring inside of 
Compost Building 3. The instrument is equipped with sensors for combustible gas as a percentage of 
Lower Explosive Limit (LEL), percent by volume oxygen. concentration of hydrogen sulfide in parts per 
million (ppm), and concentration of carbon monoxide in ppm. 

2.7 HEAT STRESS MONITORING 

Personnel ear canal temperatures were obtained using a Thermoscan instrument 

2.8 NOISE MONITORING 

SounU levels were measured using a Ametek MK-2 Series Audio Dosimeter. 

2.9 EXPLOSIVE RESIDUES WIPE SAMPLES 

Wipe samples for explosive residues were obtained on glass fiber filters pre-wetted with the solvent 
acrylonitrile. 

2.10 CALIBRATION LOGS 

A copy of the sampling pump calibration data forms for items included in paragraphs 2.1 through 2.4 is 
included in Appendix A to this report 
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3.0 
METHODS 

3.1 BIOAEROSOL SAMPLING 

During active cornposting, twelve area samples were obtained inside of the composting structure and 
twelve area samples outside of the structure. The samples were obtained approximately three days into 
the cornposting process. Samples inside of the structure were taken during turntng and immediately after 
the windrows are turned. 

One sample set consists of six samples for each of the following: 

1. Bacteria - 1 respirable and 1 nonrespirable culture plate. 
2. Fungi (Molds and Yeast) 1 respirable and 1 nonrespirable culture plate. 

Therefore one sample set inside of the structure for bacteria required 12 culture plates and one sample 
set for Fungi (Molds and Yeast) inside of the structure required 12 culture plates for a total of 24 culture 
plates. After primary incubation of the bacteria plates at the laboratory single consistent colonies were 
then inoculated onto selective and differential agars for bacterial pathogen isolation. Bacterial isolations 
were performed by streaking for Isolation, using morphologically distinct colonies, onto SMA from the 
inoculated plates. 

The outside samples totaled 24 the same as the inside samples. In addition, eight field sample blanks 
were obtained in the field. Details on the sampling procedure are found in SOP 10.0. 

3.1.1 Locations Sampled 

The bioaerosol samples were area samples obtained both inside of Compost Building 3 and outside of the 
perimeter of this building. The inside samples were obtained approximately 3 meters (m) inside of 
Compost Building 3 from the east end. This was also in the downwind direction approximately 9 m from 
the center of the nearest compost pile. The space between the two laboratory trailers was used for the 
outside sampling location. This location was approximately 100 m away in the northerly direction and 
upwind (west) from the east end of Compost Building 3. The wind direction during two days of sampling 
was from the west/southwest so the location was satisfactory as the outdoor location representing 
background for collection of bioaerosol samples. 

3.12 Sample Analysis 

At the laboratory, as soon as possible and before 24 hr, the sample plates were placed right-side-up for 
fungi and upside down for bacteria in an incubator set at an appropriate temperature for incubation. For 
bacteria, the incubation temperature was 35 * 1 “C for 48 hours ? 2 hr. For fungi (molds and yeast), the 
incubation temperature was 22.5 f 2.5 “C for 120-168 hours. 

Analysis for bacteria (total plate count) was completed by laboratory using a Quebec colony counter, dark- 
field, with suitable light source and grid plate in accordance with the Food and Drug Administration (FDA) 
Bacteriological Analytical Manual. Subsequent bacterial pathogen isolations were performed by streaking 
for isolation, using morphologically distinct representative colonies, onto SMA from the inoculated plates. 
Plates were incubated and single consistent colonies were then inoculated onto selective and differential 
agars to culture for the following species of bacteria: Pseudomonas aeruginosa; Pseudomonas 
fluorescens; Pseudomonas putfda; Pseudomonas cepacia (approximately 50% of strains); Pseudomonas 
pseudoalcagenes (approximately 50% of strains); Pseudomonas species E-2 (approximately 50% of 
strains); Staphylococcus aweus; Staphylococcus epidermis; Escherkhia co/i (E.coli); Salmonella typei: 
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Salmonella enteritidk Salmonella choleraesuis Citrobacter freundi; Citrobacter djversus; Citrobacter 
amalonnatkus; Enterobacter cioacae: Enterobacter aerogenes: Enterobacter aggiomerans; Enterbacter 
gergoviae; Proteus vulgaris; and Morganella morgani 

Analysis for fungi (molds and yeast) was completed by laboratory using a Quebec colony counter, dark- 
field, with suitable light source and grid plate in accordance with Lyle Laboratories SOP for Yeast and 
Mold Count, Document Number 369-72 (SOP, 1996) based on procedures for determining plate count 
developed by the Association of Official Analytical Chemists (AOAC), and by the American Public Health 
Association (APHA). 

The concentration of microorganisms was determined based on the number of colonies counted divided 
by the volume of air sampled. The concentration is expressed in units of colony forming units per cubic 
meter of air (cfu/m”) as calculated in the following equation: 

Eioaerosol concentration (cfu/m3 ) = Number of colonies counted 
Vol. of air sampled in m3 

The laboratory reported quantitative laboratory analysis results for each sample in total count (cfu) and 
cfu/m3. The laboratory also reported qualitative laboratory analysis results for each sample by identifying 
the type of microorganism isolated. Aspergillus species and bacterial pathogenic species including E.co/; 
were reported as non-detect (value of cl) or negative respectively~ 

3.1.3 Statistical Analysis 

The sample median, minimum, and maximum value were calculated for the non-respirable fraction, the 
respirable sized fraction and the total concentration (non-respirable + respirable fraction) for each set of 
plates. SPSS statistical software for MS Windows Release 6.1 was used for descriptive statistical analysis 
including preparation of box plots comparing airborne levels of total fungi and total bacteria outside verses 
inside of the compost building. In addition, the SPSS software was used to conduct two-tailed Mann- 
Whitney U - Wilcoxon Rank W Tests for comparing inside and outside total concentrations at a p Value of 
0.05 level of significance (95% Confidence). The Mann-Whitney U - Wilcoxon Rank W Test is a 
nonparametric statistical test used to compare the locations of two independent populations with 
continuous (or at least ordinal) distributions as described in (Eudey et al.,1995 and Daniel, 1991). 

3.1.4 Field Monitoring Data Forms 

A copy of the Field Monitoring Data Forms is included in Attachment I3 to this report 

3.1.5 Chain-of-custody Record Forms 

A copy of the Chain-of-Custody Record Forms is included in Attachment C to this report. 
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3.2 EXPLOSIVE AEROSOLNAPORS, METALS, AND ORGANICS SAMPLING 

The following paragraphs describes applicable methods used for each of the three constituents 

3.2.1 Explosive Aerosol/vapors 

Samples was based on the OSHA Method 44 (OSHA. 1963) and analyzed at the laboratory per a modified 
Environmental Protection Agency (EPA) Method 8330 (USEPA, 1994). Both personal and area samples 
were split-shift samples collected at a flow rate of 1.0 liters per minute (Limin) for a duration of 
approximately four hours. The samples were.shipped on ice to the laboratory for analysis. Two field 
sample blanks were obtained on each day of sampling. 

Analysis at the laboratory was completed using a Hewlet Packard 1040A UV-VIS Diode Array Hrgh 
Pressure Liquid Chromatography (HPLC) detector system providing a scan for specific analytes and 
isomers including HMX; RDX; 1,3.5-TNB; 1.3.DNB; Tetryl; Nitrobenzene; 2,4,6-TNT; 4.A-2.6.TNT; 2-A. 
4,6-DNT: 2,4-DNT; 2,6-DNT; 2.Nitrotoluene; 3-Nitrotoluene; and 4.Nitrotoluene. The laboratory followed 
their standard operating procedure (SOP, 1995) with a modification involving analysis of the fiber filter 
contained in the XAD-2 tube separately from the XAD-2 adsorption media. 

3.2.2 Metals 

Samples collection was based on the OSHA Method ID-125 (OSHA, 1991) and analyzed at the laboratory 
per National Institute of Occupational Safety and Health (NIOSH) Method 7300 (NIOSH, 1994b). Both 
personal and area samples were split-shift samples collected at a flow rate of 3.0 L/min for a duration of 
approximately four hours. One field sample blank was obtained on each day of sampling. 

Analysis at the laboratory was completed using GBC Graphite Furnace 906G and GF3000. Specific 
analytes included the following: aluminum, antimony, arsenic, beryllium, cadmium, calcium, chromium 
cobalt, copper, iron, lead, magnesium, manganese, molybdenum, nickel, selenium, silicon, silver, tin, 
vanadium, and zinc. 

3.2.3 Organics 

Samples were collected and analyzed based on the following NIOSH Methods: (1) NIOSH 1500 for 
hydrocarbons; (2) NIOSH 1501 for aromatic hydrocarbons; and (3) NlO,SH 1003 for halogenated 
hydrocarbons. Areas samples were collected at a flow rate of approximately 0.20 L/min for 20, 150 and 
300 minutes. Analysis at the laboratory was completed using Gas Chromatography Flame Ionization 
Detector (GC-FID) and Mass Spectrometry (MS). 

32.4 Subjects And Locations Sampled 

On August 22, 1997, samples were obtained during the morning shifl at Mine Fill A while mechanical 
excavation was being performed on berm areas surrounding Building 153. Screening of soil was also in 
progress along with hand-digging around utilities located in the work area. Attachment D to this report 
contains a markup of the soils excavation plan map showing the general work layout and location of area 
samplers. 

The following summarizes the sampling subjects and locations: 

one explosives personal sample from backhoe operator; 

one explosives personal sample from screener operator; 
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one explosives personal sample from laborer; 

one explosive area sample at Contamination Reduction Zone (CRZ)/Exclusion zone line 
wi!hin 2 feet of excavation: 

one explosive area sample on downwind side of screener within 6 foot of reject conveyor; 

one explosive area sample on downwind side of excavation at work structure; 

one metals personal sample from backhoe operator; 

one metals area sample at CRZ/Exclusion Zone line within two feet of excavation, 

Two field sample blanks for explosives and one for metals were also obtained. During the afternoon shift 
on August 26, 1997, the same personal and area locations were sampled. The same number of sample 
field blanks were obtained. 

On September 22, 1997, samples were obtained during the morning shift inside of Compost Building 3. 
For explosives, three personal samples of split-shift were obtained, one from the windrow machine 
operator, one from the Bobcat operator, and one from the Environmental Technician. Three area samples 
were also obtained. They were split-shift duration, obtained inside of Compost Building 3 on the 
downwind end near the compost piles, but far enough so as not be hit by the windrow turner machine and 
any of the compost thrown from its mixing flails. In addition, one split-shift personal sample for metals was 
obtained from the Environmental Technician and one split-shift area sample for metals was also obtained. 
Two field sample blanks for explosives and one for metals were obtained. 

On September 24, 1997, area samples were obtained for hydrocarbons inside of Compost Building 2. The 
samples total six, two for each NIOSH Method. On the same day, six control samples were obtained 
outside of the building adjacent to the exclusion zone perimeter on north side. A total of three sample field 
blanks were obtained, one for each NIOSH Method. 

3.2.5 Field Monitoring Data Forms 

A copy of the Field Monitoring Data Forms is included in Attachment B to this report 

3.2.6 Chain-of-custody Record Forms 

A copy of the Chain-of-Custody Record Forms is included in Attachment C to this report 
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- 3.3 TOTAL DUST MONITORING 

- 

Total dust monitoring was conducted at the excavation site on 6/25/97. It included direct readings around 
the screener and the excavation site perimeter. On 6/27197 direct readings were obtained during 
amendment mixing and amendment batch dumping. On 7/9/97 direct readings were obtained in Compost 
Building 3 during compost pile mixing using the Scarab windrow pile turner and during operation of the 
skid steer while clean-up around compost piles was completed. On 918197 direct readings were obtained 
during amendment mixing inside of the Compost Buildings. All data was recorded on Total Dust Industrial 
Hygiene Sample Summary sheets~ A copy of these sheets is included in Attachment E. 

3.4 OTHER CHEMICAL AGENT MONITORING 

Chemical monitoring using calorimetric indicator tubes was conducted inside the compost buildings during 
both clean soil and contaminated soil composting. Air samples were obtained during the first and second 
week of composting. Ammonia was the gas sampled for the most and included building interior samples, 
chicken and turkey manure pile samples, and Scarab cab interior. All samples were obtained in 
accordance with manufacturers instructions. All data was recorded on Detector Tube Industrial Hygiene 
Sample Summary sheets. A copy of these sheets is included in Attachment F. 

A one day sampling event was conducted on 7/9/97 inside of Compost Building 3 using the Industrial 
Scientific TMX-412 multi-gas meter and the PhotoVac MicroTip PID. Data was recorded on a 
GasNaporlFumeiMist Industrial Hygiene Sample Summary sheets. A copy of these sheets is included in 
Attachment G. 

3.5 HEAT STRESS MONITORING 

Heat stress monitoring in the form of temperature and pulse rate monitoring was conducted on 6/26/97, 
6127197, and 7/2/97. Pulse rates were obtained by timing beats at the radial pulse. Temperatures were in 
obtained in the ear canal using a Thermoscan instrument. Data was recorded on Heat Stress Industrial 
Hygiene Sample Summary sheets. A copy of these sheets is included in Attachment H. 

3.6 NOISE MONITORING 

Sound level surveys on operational equipments was completed on 6/10/97 and 6/25/97. Sound levels 
were measured in dB(A) using the noise dosimeter in survey mode only. Sound levels inside the cabs of 
cab enclosed equipments were measured at engine speeds typical of operation. On the outside of 
equipments, surveys were obtained in the near vicinity of equipments or where personnel are required to 
be positioned to operate the unit. Time weighted average noise dose was obtained from the Scarab 
operator on 10/6/97 and 10/6/97 and from an Environmental Technician on 10/7/97. The noise dose was 
measured using the noise dosimeter, Data was recorded on Sound Level Survey sheets, Noise Dosimetry 
Sample Field Sheet(s), and Noise Dosimetry Industrial Hygiene Sample Summary sheets. A copy of these 
sheets is Included in Attachment I. 

3.7 EXPLOSIVE RESIDUES WIPE SAMPLES 

Wipe samples were obtained using a 10 centimeter (cm) by 10 cm template to mark-off sample areas. 
Glass fiber filters were pre-wetted with acrylonitrile solvent to the point of saturation. The marked area was 
wiped and the wipe placed inside of sampling container for shipment to laboratory for analysis. Nine 
samples were obtained. Areas sampled included the shower trailer (dirty room); shower trailer (shower 
room); shower trailer (clean room); lunchroom; laboratory floor; laboratory counter; laboratory oven; 
laboratory grinder room; and health and safety office. 
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4.0 
RESULTS 

4.1 BIOAEROSOL SAMPLING RESULTS 

The following paragraphs presents the bioaerosol sampling results. 

4.1.1 Results Summary 

No bacteria of any significance was detected in any of the sample bacteria culture plates for both outside 
and indoor locations. All bacterial pathogen isolation was negative for the following species: 
Pseudomonas aeruginosa; Pseudomonas fluorescens; Pseudomonas putida; Pseudomonas cepacia 
(approximately 50% of strains); Pseudomonas pseudoalcagenes (approximately 50% of strains); 
Pseudomonas species VE-2 (approximately 50% of strains); Staphylococcus aureus; Staphylococcus 
epidermis; Escherichia co/i (E.coli); Salmonella typhi; Salmonella enteritidis; Salmonella choleraesuis; 
Citrobacter freundii; Citrobacter diversus; Citrobacter amalonnaticus; Enterobacter cloacae; Enterobacter 
aerogenes; Enterobacter agglomerans; Enterbacter gergoviae; Proteus vulgar6 and Morganelia morganii~ 

Results of the sample analysis from the fungi (molds and yeast) culture plates indicate no AspergiNus 
species were detected for both indoor and outside locations. The predominant species detected on all 
sample plates, both bacteria sample plates and fungi (molds and yeast) sample plates were Penicillium, 
Alternaria, and Cladosporium. These species are molds normally found in atmosphere. Rhizopus, another 
mold, was detected on a small number of the culture plates. All of these molds are classified as normally 
mild or non-pathogenic fungi. The following paragraphs describe the bioaerosol summary results for the 
September 12, 1997 sampling campaign in more detail. A copy of the laboratory microbial analysis reports 
are included in Appendix J. 

4.1.2 Bacteria Plate Analysis Summary 

Results of the Laboratory analysis on the bacteria sample plates are summarized on Table 1 and Table 2. 
Table 1 contains the outside sample results and Table 2 the inside sample results. The tables include 
columns to distinguish the results of analysis for the non-respirable fraction and the respirable fraction. 
For each fraction the following are listed: 

the sample number; 
the total cfu count; 
the concentration in cfu/m3; 
results of bacterial pathogen (bact path) subculture analysis 

Under the Total Concentration column, the non-respirable and the respirable concentrations for each 
corresponding sample set are summed. Lastly, the sample median is calculated for the non-respirable 
fraction. the respirable fraction, and the total concentration. When comparing the total concentration 
median values for the outside samples and inside samples, the outside concentration was calculated as 
120 cfulm’ and the inside concentration as 1185 cfu/m3. The inside concentration median was 
approximately 10 times greater then the outside. Using the outside sample median of 120 cfu/m3 and 
comparing it to the six total bacteria concentration sample results from the inside sampling run using a 
Sign Test as described in (Daniel, 1991), all values except for one are greater than 120 cfu/m3 indicating 
that the total airborne microbial loading was greater inside of the structure. Figure 1 is a box plot showing 
the amount of variability in the data sets representing the total concentration in cfu/m3 from the inside and 
outside locations. The bacteria plates were filled with SMA. a non-selective general purpose growth agar 
suitable for bacteria and fungi. The results indicak molds were the predominant species detected on this 
growth agar with some percentage being bacteria. 
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TABLE 2 BIOAEROSOLS, INSIDE BACTERIA PLATE RESULTS SUMMARY 

inside Bacteria Plate Results. Sample Run Date g/12/97 

1420 

Median 

I&s: Ct.. Count. NA not applicable, NA negative. Note 1: field blanks are not included in sample median calculation 
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Figure 1: Airborne Levels of Total Bacteria 
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4.1.3 Bioaerosol, Outside Bacteria Plate Results Summary 

The sample medians for the concentration of non-respirable and respirable fractions are approximately 
equal with values of 55 cfu/m’ and 60 cfu/m3 respectively. The median for the total concentration was 
calculated as 120 cfu/m’. Sample field blanks exhibited no appreciable growth. 

4.1.4 Bioaerosol, Inside Bacteria Plate Results Summary 

The sample medians for the concentration of non-respirable and respirable fractions were 670 cfu/m’ and 
455 cfu/m3 respectively The median for ihe total concentration was calculated as 1185 cfulm’~ Sample 
field blanks exhibited no appreciable growth. 

4.1.5 Fungi (Molds And Yeast) Plate Analysis Summary 

Results of the Laboratory analysis on the Fungi (Molds and Yeasts) samples are summarized on Table 3 
and Table 4. Table 3 contains the outside sample results and Table 4 the inside sample results. 

The tables include columns to distinguish the results of analysis for the non-respirable fraction and the 
respirable fraction. For each fraction the following are listed: 

the sample number; 
the total cfu count; 
the concentration in cfu/m3; 
results of qualitative analysis for the Aspergillos species on all sample plates 

Under Total Concentration column, the non-respirable and the respirable concentrations for each sample 
set are summed. Lastly, the sample median is calculated for the non-respirable fraction, the respirable 
fraction, and the total concentration. 

When comparing the total concentration median values for the outside samples and inside samples, the 
outside concentration was calculated as 1090 cfu/m3 and the inside concentration as 785 cfu/m3. The 
inside concentration median was approximately 38% less than the outside. Using the outside 
sample median of 1090 cfu/m3 and comparing it to the six total fungi concentration sample results for the 
inside run using a Sign Test as described in (Daniel, 1991). all six values are less than 1090 cfu/m3 
indicating that the total microbial loading of fungi (molds and yeast) was less inside of the structure. Figure 
2 is a box plot showing the amount of vanability in the data sets representing the total concentration in 
cfu/m3 from the inside and outside locations. 

The fungi (molds and yeast) plates were filled with acidified PDA, a selective growth agar suitable for fungi 
(molds and yeast) especially Aspergillus species. The results indicate molds were the predominant 
species detected on this growth agar, the same as the SMA growth agar used for bacteria. 
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TABLE 3 BIOAEROSOLS, OUTSIDE FUNGI (MOLDS AND YEAST) PLATE RESULTS SUMMARY 

Outside Fungi (Molds and Yeast) Plate Results. Sample Run Date S/12/97 

Non-Resoirable Fraction Respirable Fraction Total Concentration 

Sample # Total Cl. 
cfu 

cfu/m3 Aspergillus 

SP. 

Sample # Total Ct. 
cfu 

cfulml 

BOTFNR 64 
OOIA 

720 

BOTFNR 127 
003A 

850 

BOTFNR 93 
005A 

600 El BOTFREO 113 
06A 

730 

EOTFNR 56 
007A 

360 Cl BOTFRE 99 
OOBA 

640 

BOTFNR 59 
OOSA 

670 

BOTFNR 44 
OllA 

590 

BOTFNR ~1 
0138 
Blank 

BOTFNR 2 
014B 
Blank 

Sample 
Median 

395 695 

lotes: Ct. Count, NA n ot applicable, ~1 under Aspergillus sp. column means “l ,Asper( 

Aspergillus Non-Respirable + Respirable Fractions in cfu/m’ 
SP. 

<I 1130 

Cl 1670 

<I 1330 

<I 1000 

<I 1050 

<I 870 

NA 

NA 

1090 

IS species were detected. Note 1: field blanks are not included in the 
sample median calculation. 
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Figure 2: Airborne Levels of Total Fungi 
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4.1.6 Bioaerosol, Outside Fungi(molds And Yeast) Results Summary 

The sample medians for the concentration of non-respirable and respirable fractions were 395 cfu/m3 and 
695 cfuim’ respectively. The median for the total concentration was calculated as 1090 cfu/m3, Sample 
field blanks exhibited no appreciable growth. 

4.1.7 Bioaerosol, Inside Fungi(molds And Yeast) Results Summary 

The sample medians for the concentration of non-respirable and respirable fractions were 340 cfu/m3 and 
490 cfu/m3 respectively. The median for the total concentration was calculated as 785 cfu/m3. Sample 
field blanks exhibited no appreciable growth. 

4.1.8 Statistical Analysis of Bacteria And Fungi(molds And Yeast) Analysis Results 

The Mann -Whitney U - Wilcoxon Rank Sum W Test was used to compare the total concentration from 
the bacteria culture plates outside of Compost Building 3 (N=6) to the total concentration inside of 
Compost Building 3 (N=6) at a level of significance of p = 0.05. The outside concentration was less than 
the inside statistically at p = 0.026 

The Mann -Whitney U - Wilcoxon Rank Sum W Test was used to compare the total concentration from 
the fungi (molds and yeast) culture plates outside of Compost Building 3 (N=6) to the total concentration 
inside of Compost Building 3 (N=6) at a level of significance of p = 0.05. The outside concentration was 
greater than the inside concentration statistically at p = 0.015. 

4.1.9 Discussion 

The American Conference of Governmental Industrial Hygienists (ACGIH) Bioaerosols Committee report 
there are no numerical guidelines or Threshold Limit Values (TLVs) that allow ready interpretation of 
bioaerosol data (ACGIH, 1995). ACGIH (1995) states there are no TLVs for concentrations of total 
culturable or countable organisms and particles (e.g., “bacteria” or “fungi”); specific culturable or countable 
organisms and particles (e.g., Asperg;//us fumigatus); infectious agents (e.g., LegioneNa pneumophila): or 

assayable biological-source contaminants (e.g., endotoxin or volatile organic compounds). 

Heida et al. (1995) refer to a Dutch study group who recently reported that bacterial or fungal 
concentrations above 10,000 cfu/m3 in total or above 500 cfu/m”for each specific group of organisms or 
species of a potentially pathogenic nature should be considered a threat to the worker’s health. Above 
this level, preventive action should be undertaken at all times. For gram-negative bacteria, a TLV of 
1,000 cfu/m3 has been proposed, since a number of species of this group are able to release pathogenic 
endotoxin, which may cause an additional health hazard. 

Millner (1995) reports Rylander suggested at the 1993 Bioaerosols Associated with Composting Facilities 
Workshop in Beltsville, Maryland that a level of up to 1,000 gram-negative bacteria/m’ should be 
considered as safe until additional information is available. The complete report on this Workshop is found 
in Millner et al. (1994). 

For this study, the highest sample median for total concentration was reported inside the facility using the 
SMA growth agar. This value was 1,185 cfu/m3 which is significantly lower than the 10,000 cfu/m3 
recommended in the Heida et al. (1995) study. The primary species detected in this study were 
Penicill;um. Alternaria. and Cladosporium, all molds normally found in the atmosphere and considered 
normally mild and not pathogenic, so the 500 cfu/m3discussed in Heida et al. (1995) is not applied. No 
gram-negative bacteria of any significance were detected in any of the culture plates so the TLV of 1,000 
cfu/m3 mentioned in both Heida et al. (1995) and Millner (1995) is not applied. Outside, representing 
background, the sample median for total concentration using the SMA growth agar was 120 cfu/m3. 
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The fungi (molds and yeast) culture plates used acidified PDA growth agar. It is interesting to note that the 
sample median for total concentration using the PDA was higher at the outdoor location, which 
represented background, as compared to the indoor location. The outdoor location was 1.090 cfu/m3 and 
the inside location measured 785 cfu/m3. It is speculated that the bacterial species present inside of the 
structure because of the large quantity of fresh manures used in the compost piles may have been 
competing with the fungi (molds and yeast) causing a decrease in the total number of viable airborne fungi 
colonies that c&Id be cultured on the acidified Potato Dextrose Agar (PDA) plates. It is also possible that 
the thermophilic heat of reaction in the compost piles (45 to 65 “C. average of 55 “C ). may have killed-off 
and contributed to the decrease in the number of airborne viable fungi (Golueke (1991)). The acidified 
PDA is selective agar for fungi (molds and yeast) and was selected especially for culturing Aspergillus 

species. 

_, 

The following summaries are provided on the predominant species detected on the culture plants for this 
study. Data was obtained from the University of Minnesota fungal glossary located at Internet address 
http://www.dehs.umn.edu/fungus/myco.html. Alternaria species is a very common allergen with an IgE 
mediated response. It is often found in carpets, textiles, and on horizontal surfaces in building Interiors. It 
is often found on window frames. Outdoors it may be isolated from samples of soils, seeds and plants. It is 
commonly found in outdoor samples. The large spore size 20.200 pm in length and 7-18 pm in sizes. 
suggest that the spores from this fungi will deposit in the nose, mouth and upper respiratory tract. It may 
be related to bakers asthma and has been associated with hypersensitivity pneumonitis. 

Cladosporium species are the most commonly identified outdoor fungus. The numbers are often high in 
the summer months and reduced during the winter. It is a common allergen. It is found on dead plants, 
woody plants, food, straw, soil, paint and textiles. It may cause mycosis, which is the growth of a fungus 
on or in the body by the mechanism of infection. It is a common cause of extrinsic asthma (immediate - 
type hypersensitivity: type 1). Acute symptoms include edema and bronchiospasms, chronic cases may 
develop pulmonary emphysema. 

Penicillium species are commonly found in soil, food, cellulose and grains. It is also found in paint and 
compost piles. It may cause hypersensitivity pneumonitis, allergic alveolitis in susceptible indlvidu8ls. It is 
reported to be allergenic (skin). Some species can produce mycotoxins. It is a common cause of extrinsic 
asthma (immediate - type hypersensitivity: type 1). Acute symptoms include edema and bronchiospasms, 
chronic cases may develop pulmonary emphysema. 

Rhizopus species were detected on a limited number of plates. This fungus is reported to be allergenic 
and may cause mucorosis in immune compromised individuals. The sites of infection are the lung, nasal 
sinus, brain, eye and skin. Infection may have multiple sites. It is often linked to occupational allergy. 

During composting operations, personnel wore Modified Level D PPE with the addition of a 3M 8710 
Dust/Mist maintenance-free disposable respirator (disposable dust mask). The 3M respirator IS NIOSH 
approved (TC-21C-132) for dusts and mists having a TWA not less than 0.05 mg/m3. including coal. flour, 
and free silica. Clothing and protective gear included dedicated coveralls, 16 inch polyvinyl chloride boots, 
standard TyvekQ safety glasses, and double nitrile gloves. It should be noted that full-face air purifying 
respirators with high efficiency particulate air (HEPA) and ammonia cartridges were necessary for the first 
three-five days when working around the compost piles containing chicken manure greater than 15% by 
volume because of the ammonia off-gassing. During composting operations, when the windrows were 
turned, the inside total dust levels averaged below 1 .O mg/m”. The maximum total dust reading was 1.2 
mg/m3. This can be attributed to the 40.60% moisture content of the compost piles. These results were 
similar to what was obtained at the Umatilla project. 

The use of Modified Level D PPE with approved disposable dust masks is considered as providing an 
adequate level of employee protection against direct contact and any potential airborne biological hazards. 
In addition, employees are provided with work coveralls that are changed on a daily basis. Employees are - 
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also required to shower at the end-of-shift using the shower facilities contained within a personnel 
decontamination facility at the work site. The PPE selection and hygiene procedures were consistent with 
what was recommended by Rynk et al. (1992). Heida et al. (1995). Epstein (1992). and Richard (1995). 

lmolication of Study 

This study supports the findings that the total airborne microbial loading inside of a composting 
facility using windrow composting technology is likely to be higher than the loading outside of the 
facility in the ambient air representing background conditions. This study also supports the finding 
that in a well managed compost operation, pathogenic bacterial and fungi species are killed-off and 
only rarely encountered, or are present in relatively small numbers. 

Comoarison with Current Literature 

This study supports the conclusions reached by Golueke (1991) that pathogenic fungi either are 
only rarely encountered, or are present in relatively small numbers during composting. Two of the 
predominant species detected, Penicillium and Cladosporhm. were also detected at composting 
facilities during studies conducted by Heida et al. (1995) and Olmsted (1995). Total concentrations 
obtained in this study were much lower than those reported by Heida et al. (1995). Olmsted (1995), 
Lundholm and Rylander (1980), and Clark et al. (198313) but were similar to those obtained by 
Spencer (1994). 

Other studies present results of bioaerosol sampling campaigns that have detected Aspergillus 
fumigatus at composting plants. The results in this study had no detectable Aspergihs species 
which includes Aspergillus fumlgatus. This is consistent with Golueke (1991) who reports that 
concentrations of Aspergillus fumigatus become significantly high only when woodchips or sawdust 
are used as the bulking agents in compost piles. Both of these bulking agents were used in the 
compost piles at NSWC Crane, but there volume contribution were minimal in each of the 
composting piles. 

Limitations 

Limitations on this study include the number of bioaerosol samples obtained. Inside of the compost 
building, 6 samples sets were obtained for bacteria (total of 12 plates) and 6 sample sets for fungi 
(molds and yeast) (total of 12 culture plates). The same number were obtained outside of the 
building representing background. The second limitation is the fact the data comes from pilot scale 
operations involving a minimal amount of contaminated soil. During follow-on production 
compostrng operations, the compost buildings are sized to hold approximately ten times the 
amount of material treated during pilot scale. 

Recommendations for Future Studies 

Additional bioaerosol sampling during production composting will confirm the results of this study 
and determine how much of an increase in bioaerosol loading will occur.based on the increased 
amount of material treated. The results can again be compared to other studies for total loading 
and species detected. It will be pertinent to discuss with the analytical laboratory the addition of an 
antifungal antibiotic such as cycloheximide to the SMA media to inhibit growth of fungi since fungal 
growth might interfere with some bacterial growth and limit identification and enumeration of 
species. 
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4.2 EXPLOSIVE AEROSOWAPORS, METALS, AND ORGANIC VAPOR SAMPLING RESULTS 

All explosive aerosol/vapor sample concentrations for all analytes were reported by the laboratory as 
~0.05 milligrams per cubic meter (mg/m3) of air sampled. The 0.05 mg/m3 represents a conservative 
detection limit that was based on the lowest total flow sample submitted. 

For explosives, one sample representing the laboratory matrix spike had recoveries that were acceptable 
(r 25%) except for tetryl. Analysis for tetry showed a poorly resolved shoulder on another peak which 
may account for the possible variation in quantification resulting in a high recovery The second laboratory 
matrix spike for explosives had acceptable recoveries (t 25%). The laboratory matrix spike represents the 
analyte recovery from a spiked blank tube taken from the same lot as the tubes for the field samples. 

All metal sample concentrations were reported as below the detection limit except for one area sample 
from the excavation site which had a reported concentration for aluminum at 0.019 mg/m3. The OSHA 
PEL for aluminum metal as a dust is 15 mglm’. The detection limit for aluminum was 0.014 mgim’. All 
recoveries were acceptable for the laboratory matrix spike except for one sample where silver was 
inadvertently omitted. 

All NIOSH 1500 analysis results were below the detection limit for all analytes in all samples including the 
field sample blank. This was also the same result reported for the NIOSH 1501 and 1003 analysis. A copy 
of the laboratory analytical reports is included in Attachment J to this report 

4.2.1 Discussion 

For explosives, to determine compliance with the OSHA PEL. the NIOSH sampling strategy is used to 
determine if the 95% one-sided upper confidence limit (UCL) is less than 1 (unity) (indicating no possibility 
of overexposure) for TNT and RDX measured air concentrations 0 in mg/m3 based on the following 
formula: 

UCL (95%) = CiPEL + SAE 

The value for C used in the above equation was 0.05 mg/m3, the lower limit of detection. The OSHA PEL 
is 1.5 mg/m3 for TNT and RDX. The sampling and analytical error (SAE) as a decimal was set at 0.15. The 
calculated value for UCL (95%) is significantly less then 1. If the ACGIH TLV-TWA of 0.5 mg/m3 for TNT 
is used in place of 1.5 mg/m”, the UCL (95%) is still significantly below 1. For the remaining compounds 
analyzed per the 8330 Method, the same result applies, the UCL (95%) is less then 1, Table 4 provides a 
listing of each analyte, the OSHA PEL or NIOSH Recommended Exposure Limit (REL), the ACGIH TLV- 
TWA (as reported in the following: OSHA, 1996, ACGIH, 19951996. and NIOSH, 1994b) and the 
analytical result of the analysis. 
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- TABLE 5 EXPLOSIVES ANALYTE SUMMARY TABLE 

Analyte 

HMX 

RDX 

1,3,5-Trinitrobenzene 

1.3-Dinitrobenzene 

Tetry 

Nitrobenzene 

2,4,6-Trinitrotoluene 

(TNT) 

4-Amino-2,6- 
Dinitrotoluene 

2-Amino-4,6- 
Dinitrotoluene 

2.4.Dintrotoluene 

2.6-Dinitrotoluene 

Z-Nitrotoluene 

3.Nitrotoluene 

4.Nitrotoluene 

OSHA PEL 

none listed 

1.5 mg/m3 

none listed 

1 .O mg/m3 

1.5 mg/m) 

5.0 mg/m3 

1.5 mgim” 

none listed 

none listed 

none listed, use 1.5 
mglm3 for Dintrotoluene 

none listed, use 1.5 
mg/m3 for Dintrotoluene 

NIOSH REL of 11 
mglm’ 

NIOSH REL of 11 
mg/m3 

NIOSH REL of 11 
mg/m3 

ACGlH TLV-TWA Analytical Result 

none listed 1 < 0.05 mg/m” 1 

1.5 ma/m3 I < 0.05 mq/m3 I 

none listed I c~O.05 ma/m3 I 

1 .O mg/m3 < 0.05 mg/mJ 

1.5 mg/m3 < 0.05 mg/mj I 

5.0 mg/m3 ) < 0.05 mg/m3 

0.5 mgim3 < 0.05 mg/m3 
I 

none listed < 0.05 mg/m’ 

none listed < 0.05 mg/m” 
I 

none listed, use 0.15 c 0.05 mg/m’ 
ma/m3 for Dintrotoluene I 

none listed, use 0.15 < 0.05 mg/m3 
mg/m3 for Dintrotoluene I 

11 mg/m3 < 0.05 mg/mj 
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The sampling results for TNT and RDX were low, these results were similar to those obtained during the 
Umatilia project. In addition, the explosives analytical method used at Umatilla project had a lower limit Of 
quantification for TNT and RDX. There is no indication that the thermophilic heat of reaction associated 
with the compost piles (45 to 65 “C. average of 55 “C ) caused any of the explosive contaminants 
including the major transformation products of TNT to vaporize and pose an additional occupational health 
hazard inside of the compost buildings 

For metals, the same NIOSH UCL (95%) calculation is used for each of the analytes and the result is less 
than 1. The sampling and analytical error (SAE) as a decimal was set at 0.15. Table 5 provides a listing of 
each analyte, the OSHA PEL or NIOSH REL, the ACGIH TLV-TWA (as reported in OSHA, 1996, ACGIH. 
1995.1996. and NIOSH, 1994b) and the analytical result of the analysis. The results are expected to be 
less than any exposure limits. 

For organics. both inside and outside sample results were below the lower limit of detection and 
significantly less than any occupational exposure limits. Tables 6.7.8 list each analyte, the OSHA PEL or 
NIOSH REL, the ACGIH TLV-TWA (as reported in OSHA. 1996, ACGIH, 1995.1996. and NIOSH. 1994b). 
and the analytical result for each of the three NIOSH Methods. 

During soil excavation and screening and composting operations, personnel wore Modified Level D PPE 
with the addition of a 3M 8710 Dust/Mist maintenance-free disposable respirator (disposable dust mask). 
The 3M respirator is NIOSH approved (TC-21C-132) for dusts and mists having a TWA not less than 0.05 
mg/m3, including coal, flour, and free silica. Clothing and protective gear included dedicated coveralls, 16 
inch polyvinyl chloride boots, standard Tyvek@, safety glasses, and double nitrile gloves. One note, only 
single nitrile gloves were worn inside the composting building. 

There was no visible dust generated during excavation and screening. The fact that the ground was moist 
from previous days rain may have contributed to this. A direct reading dust/aerosol monitor was used to 
monitor total dust at three locations around the Screener. The results were 0.3 mg/m” at the discharge, 
0.28 mg/m3 at the reject conveyer, and 0.28 mg/m3 at the operators station. These values were less than 
the 1 .O mg/m’ action level for the work site perimeter total dust as established in the SSHP document. The 
instrument used was a Sensidyne Laser Dust Monitor, Model LD-1. 

During composting operations, when the windrows were turned, the inside total dust levels averaged 
below 1~0 mg/m3 also. The maximum total dust reading was 1.2 mg/m3. This can be attributed to the 40- 
60% moisture content of the compost piles. 
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TABLE 6 METALS ANALYTE SUMMARY TABLE 

Aluminum 15 mg/m3 total dust < 0.014 mg/m3, the 
highest area sample 

Manganese 

Molybdenum 

Nickel 

Selenium 

Silicon 

Silver 

Tin 

Vanadium 

OSHA Ceiling of 5 
mglm’ 

15 mgim3 10 mg/m3 <O.OOl mg/m’ 

1 mg/m3 1 mg/m3 CO.20 mg/m3 

0.2 mg/m3 0.2 mg/m3 <O.OOl mgim” 

15 mg/m3 total dust 10 mg/m3 CO.07 mglm’ 

0.01 mg/m3 0.1 mglm’ CO.001 mg/m3 

2 mgim3 2 mg/m3 <0.00059 mgim) 

Ceiling of 0.1 mg/m3 for 0.05 mglm3 <O.OOl mg/m3 
total fume 

Zinc 15 mgim3 total dust 10 mg/m3 CO.04 mg/m3 
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TABLE 7 NIOSH 1500 ANALYTE SUMMARY TABLE 

I Analyte ) OSHA PEL 1 ACGIH TLV-TWA Analytical Result I 

Benzene 1 mm 10 pm 1 ~0.66 mm I 

Cyclohexane 

Cyclohexene 

300 ppm 

300 ppm 

300 ppm 

300 ppm 

CO.54 ppm 

< 0.57 ppm 

n-Heptane 

n-Hexane 

500 ppm 400 ppm < 0.40 ppm 

500 ppm 50 wm < 0.45 ppm 

Methylcyclohexane 500 ppm 400 ppm 1 < 0.46 ppm I 

( n-Octane 500 ppm 300 ppm 1 ~0.36 ppm I 

n-Pentane 1,000 ppm 

Toluene 200 ppm 

Note: ppm parts per million 

600 ppm 

50 

CO.51 ppm 

< 0.55 ppm 

- 
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TABLE 8 NIOSH 1501 ANALYTE SUMMARY TABLE 

r~-~-~ Analvte 1 OSHA PEL ACGIH TLV-TWA Analytical Result I 

Benzene 1 w- 

p-tert-Butyltoluene 10 wm 

Cumene 50 w- 

Ethylbenzene 100 ppm 

a-Methvlstvrene 100 wm 

Napthalene 10 twm 

Styrene 

Toluene 

100 ppm 

200 ppm 

2.Methylstyrene 100 ppm 

4-Methylstyrene 100 ppm 

Xylene 100 ppm 

Note: ppm parts per million 
NA - Not Applicable 

10 mm 

1 wm 

50 wm 

100 ppm 

50 pm 

10 wm 

50 wm 

50 pm 

NA 

NA 

100 ppm 

CO.097 ppm 

<0.050 ppm 

c 0.062 ppm 

< 0.070 ppm 

< 0.066 ppm 

< 0.0068 ppm 

CO.075 ppm 

<0.081 ppm 

co.066 ppm 

co.066 ppm 

< 0.070 ppm 
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TABLE 9 NIOSH 1003 ANALYTE SUMMARY TABLE 

Analyte OSHA PEL 

Benzyl chloride 1 wm 

ACGIH TLV-TWA 

1 pm 

Analytical Result 

CO.034 ppm 

Bromoform I 0.5 pm I 0.5 pm 1 ~0.044 ppm I 

Carbon tetrachloride 10 mm- 5 pm I < 0.040 ppm 

Chlorobenzene 75 mm 10 w- < 0.038 ppm 

Chlorobromomethane 200 ppm 200 ppm < 0.058 ppm 

Chloroform 50 wm 10 mm < 0.048 ppm 

1 o-Dichlorobenzene 1 50 ppm 25 pm I co.034 ppm I 
I p-Dichlorobenzene 1 75 ppm 10 pm I <0.0028 ppm 

l.l-Dichloroethane 

cis-1,2- 
Dichloroethylene 

100 ppm 

200 ppm 

100 ppm 

200 ppm 

~0.046 ppm 

<0.051 ppm 

trawl .2- 
Dichloroethylene 

200 ppm 200 ppm <0.050 ppm 

I 

Ethylene dichloride 

Hexachloroethane 

50 wm 

1 twm 

10 wm 

1 pm 

CO.049 ppm 

<0.0016 ppm 

I l,l, I-Trichloroethane 1 350 ppm I 350 ppm I CO.039 ppm I 

Tetrachloroethylene 100 ppm 25 wm co.038 ppm 

1 ,I ,2-Trichloroethane 10 w- 10 wm co.042 ppm 

1,2,3-Trichioropropane 50 wm 10 wm < 0.036 ppm 

Note: ppm parts per million 
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4.3 TOTAL DUST MONITORING 

The maximum dust concentration measured during screening was approximately 1 mg/m3. The maximum 
dust concentration measured during composting when the windrows are turned was 1.2 mg/m3 On 918197, 
amendments were mixed inside of the Compost Building prior to the addition of contaminated soil. 
Concentrations of approximately 10 mg/m’were measured during two 2 minute time intervals. The OSHA 
PEL for particulates not otherwise regulated (PNOR) is 15 mg/m3 for total dust. The ACGIH TLV-TWA for 
particulates not otherwise classified (PNOC) is 10 mg/m3 for the inhalable fraction, Based on the results of 
the instantaneous measurements of dust concentrations and task durations, if time integrated total dust 
samples were taken for full-shift or split-shift, the most likely result would be concentrations below the PEL 
and TLV-TWA. 

4.4 OTHER CHEMICAL AGENT MONITORING 

During amendment handling and mixing of compost piles, it was observed that excessive ammonia (NH,) 
was being generated by the chicken and turkey manure. Measurements of ammonia concentrations using 
calorimetric indicator tubes indicated localized ammonia concentrations as high as 150,ppm. The PEL is 
50 ppm and the ACGIH TLV-TWA is 25 ppm. Respiratory protection was upgraded to half-mask air 
purifying respirator (APR) with NH,/HEPA cartridges, however, the ammonia gas was causing excessive 
tearing of the eyes. The respirator protection was upgraded to full-face APR with NH,/HEPA cartridges. 
After 3 to 5 days, ammonia levels dropped below the PEL and then slowly dropped to l-10 ppm and non- 
detect by the end of the compost cycle (30 days). This pattern was similar in both the clean soil and 
contaminated soil phases. 

Acetic acid was detected in the potato waste amendment pile using calorimetric indicator tubes~ The 
concentration measured approximately 5 ppm during digging of the pile and once after turning the pile 
The OSHA PEL is 50 ppm and the ACGIH TLV-TWA is 10 ppm. 

During the clean soil phase calorimetric indicator tubes were used to spot check for other constituents. 
Carbon dioxide concentrations were equivalent to normal atmospheric levels. No detectable levels of 
formaldehyde, benzene, acetone, petroleum distillates, toluene. dichloromethane, nitrogen dioxrde, nitrous 
fumes, hydrogen sulfide, carbon monoxide, and vinyl chloride were measured. 

On 7/9/97 during the clean soil phase, the Industrial Scientific multi-gas instrument was used to measure 
concentrations of combustible vapor, oxygen, hydrogen sulfide, and carbon monoxide around each 
compost pile in Building 3. Oxygen measured 20.,8 % by volume. The instrument read non-detect for % 
LEL; carbon monoxide and hydrogen sulfide. At the same time and location, a PID was used to measure 
total volatile organic hydrocarbon. The concentrations ranged from 10 ppm to 14 ppm. 

At the Umatilla project, no hydrogen sulfide was detected. Umatilla experienced two excursions above the 
TLV for carbon monoxide, but this was the result of gasoline powered equipment use inside of the 
structures At Umatilla. the buildings were enclosed and equipped with mechanical ventilation providing 
approximately 6 air changes per hour. At Crane, the buildings are open at the ends and have no 
ventilation systems. Umatilla experienced no combustible gas alarms and no nitrogen dioxide alarms. The 
average readings for ammonia at Umatilla was 5-10 ppm and listed usually at 8 ppm. At Crane. ammonia 
levels experienced were much higher during the first few days of composting as described above. 

4.5 HEAT STRESS MONITORING 

Initial physiological monitoring for heat stress at the end of June and early July 1997 indicated a week to 
ten days was necessary for worker acclimatization using PPE. Certain personnel responded differently to 
the same heat loading. Prior to PPE downgrades, significant heat stress was indicated by worker pulse 
rates and ear canal temperatures along with heat disorder physiological symptoms. After PPE 

NSWC Crane 
SWMU 33/00, Bioremediation Facility 
Treatability Test Report Q-33 02/10/98 



downgrades and acclimatization, minimal heat stress was indicated. In addition to PPE downgrades. ice 
vest use became mandatory when ambient temperature is above 90” F or when excessive work load is 
anticipated. 

4.6 NOISE MONITORING 

Basic sound level monitoring was performed during all work activities. In general, all equipment during 
operation requires personnel in near vicinity to use hearing protection devices based on sound levels 
exceeding 85 dBA within 15 foot radius of equipment. Operators of all “cab enclosed” equipment do not 
require hearing protection. All measured sound levels were below 85 dBA except for near the Scarab 
windrow turning machine. Noise dosimetfy for the Scarab operator indicates a measured time weighted 
average of 73.2 dBA and 64.5 dl3A. For the Environmental Technician, it was 72~7 dBA. 

4.7 EXPLOSIVE RESIDUES WIPE SAMPLES 

All samples results for all analytes were reported as < 1.0 pg per wipe and are considered not 
contaminated. The analytes were the same as reported in Table 6 for explosive aerosols/vapors. The 
laboratory analytical method was the same as that for explosive/aerosol/vapors. All recoveries for the 
matrix spike were reported by the laboratory as satisfactory. Attachment K contains a copy of the 
laboratory analytical report 
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- 5.0 
CONCLUSIONS 

For bioaerosols, the results of the IH sampling campaign indicate that the total concentration median value 
on the SMA plates inside the compost building was significantly greater than the total concentration 
outside. The outside total concentration median value was calculated as 120 cfuim3 and the inside 
concentration as 1,185 cfulm3. The SMA is a non-selective and a general purpose agar suitable for both 
bacteria and fungi (molds and yeast). 

The opposite result occurred on the acidified PDA plates whereas the total concentration median value on 
the acidified PDA plates inside the compost building was less than the total concentration outside. The 
outside total concentration median value was calculated as 1,090 cfu/m3 and the Inside concentration as 
785 cfu/m3. The inside concentration median value was approximately 38% less than the outside. The 
reason for this occurrence is not fully understood at this time. The acidified PDA is selective agar for fungi 
(molds and yeast) using pH to inhibit bacteria growth. 

No bacteria of any significance was detected on any of the SMA plates. All bacterial pathogen isolation 
results were negative. No Aspergillus species were detected on the fungi (molds and yeast) plates. 

The predominant species detected on all sample plates were Penkillium. Alternarra. and Cladospor;um. 
These species are all molds normally found in the atmosphere and are classified as normally mild or non- 
pathogenic fungi. The bioaerosol concentrations obtained were well below suggested recommended 
occupational exposure limits of 10,000 cfu/m3 in total and 500 cfuim3 for each specific group of organisms 
or species of a potentially pathogenic nature. 

- The results of the IH sampling campaign during contaminated soil excavation and screening and 
composting indicate no potential of over-exposure to airborne explosive aerosol/vapors or metal dusts with 
at least a 95% confidence factor. No airborne organic vapors of any significance was detected in any of 
the samples analyzed. All wipe samples for explosive residues were negative indicating no contamination 
rn wiped areas. 

During soil excavation and screening, the decision to downgrade the respiratory protection requirements 
from air purifying respirators to approved disposable dust masks was satisfactory. The Site Safety and 
Health Plan (SSHP) originally specified a half-mask air purifying respirator (with indirect venting safety 
goggles) or full-face air purifying respirator, both with high efficiency particulate air (HEPA) cartridges. 
The SSHP permitted modification to the level of PPE based on air monitoring and sampling results. 

Future soil excavation and screening will be completed in Modified Level 0 with approved disposable dust 
masks. Random area monitoring will be completed at the perimeter of the contamination reduction zone 
(CRZ) to verify dust levels are below IO mglm3 total dust. If dust levels exceed this value. the soil will be 
dampened prior to or during screening. 

It is anticipated that future production composting operations will be completed in Modified Level D with 
approved disposable dust masks also. The level of respiratory protection will be upgraded if ammonia 
levels are high during the initial start of the compost process. 
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ATTACHMENT A 

CALIBRATION DATA FORMS 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

Attachment 1. Calibration Data Form: Low, High, and Multi-Flow Sampling Pumps 

Air Sampling Pump (TypJManufac~urcrlModcl): 54adcr VI-t-5 -&,*I 5L(I3- 

Collcclion Medium In Linc:ACd8** 25’2? /h’ phkl Calibra{or Volume: 3-30L/t+8d 

Air Tcmpcralurc:~‘C Air Prcssurc~ f0 c mm Hg R&live Humidity: qa % 

Pump 
NO. 

Prc-Sampling Calibration Flow Rate (Q & Post-Sampling Calibration Flow Rate (Q & Avg. Std. 
Flow FIOW 
Rate Rate 

Calibration Notes: 

A -I 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

Std. 

FIOW 

Rate 

Attachment 1. Calibration Data Form: Low, High, and Multi-Flow Sampling pumps 

Calibralion Notes: 

Q.. 

Umi” 

I I 



..... ..... ‘^l.i ,., ... ............ 
+/- , ,“I 

...... a .r. -- LL ... .......... .... .... 

% EPPIM z I’-?- I .- 



MORRISON KNUDSEN CORPORATION 
N&WAC SOUTHERN ONWON 

. . 

Altachmcnl 1. Cnlibrntion Dnt~ Form: Low, High, rind Multi-Flow Sampling Pumps 

Nmnc rind l.m~lion olCalibrrhn: A,0 R~c?OlhT\ON l=Acrr-t-l-f Al\IIZdC c2cAN.E 

C 

c 

A 

C 

A 

-. . . ., ___. 

L&PI ~3.0 3*0 3.0 3.0 3.0 r.9 2.9 2.q z,q t.9 z.95 

qgb3 J#O 3.0 3.0 3.0 3.0 2.9 2.3 2.9 L.9 t. 9 2.95 
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MORRISON KNUDSEN CORPORATION 
NAVFAC SOUMEAN DIVISION 
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Ni 

Cl 

Cl 

Ai 

C! 

Jk 

11 
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Attnchment 1. Calibration Data Form: Low, High, and Multi-Flow Sampling Pumps 
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MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

O~wtL\C 5 

Attachment 1. Calibration Data Form: Low, High, and Multi-Flow Sampling Pumps 

Name md Location orC&lbralion: l3\0- R~fl~%fii\ofJ FALL rf Y JG)bWL CCI(PJL 

Calibration Conducted By R - s&G-L 6 I: J Dale Calibntioa Conduclnl: 9)rqb7 

Calibration lnrlrumml CTypdMaoufaclurcrlModcl): La\ 1 6 n 4 n& FLECl-LOJI c 646LE as/7 

Air Sampling Pump (Typc/h4anu~actwcr/?&del): 1. ‘1 1 CI AJ f+WJL T 1 - 
SktL zrq - wr fly 

F 1 9 Cu I-jFS- s,, 

Colleclion Medium In Liae:~nlihntor Volume: Y l/m 

Air Tcmpcmtun: z 1 ‘C Air Prusur 7 7 7 mm 118 Relative Humidily: 50* % 

C4ibndon Notes: 

QAbJL = Qpr= tQ!QQ 
72 

n ‘i 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION OPbAFJ\ CJ 

Port-Sampling Calibrahn Flow Rnk (Q -,J AVE. 

Flow 

Rue 

Sld. 

Flow 

Rue 

Q m. 

Umin 

Qr 

Llmin 

Q& 

0. 

0. 
o.z- 

n m 



ATTACHMENT B 

FIELD MONITORING DATA FORMS 



. . MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

I 
2 

3 
1 4 
‘; 5 

b 
i 7 

c 
9 
CE , 

G3 
1. 

Attachment 2. Field Monitoring Data Form: Integrated Monitoring for Particulates, Gases, Vapors, or 

Bioaerosols 

Facility Name-and LocatIon: JJguC Cfl*-r En* 6&l/~ t9 Conlaminanl Sampled: 6-4 i /W~L (V-MC+ ZYul,dr 

Monitoring Condukd By and Data: fJfbIt,K Plr~is7 Colleclion Media: Pp/? 

Monilori?g lnslrunenl (TypelManufacturerlModel): hdr+*u 2-st*j f  r~pw~~ SNl317 

Air Temperalure. T Air Pressuw~ mm Hg Relalive Humidity: s :; 

of Personnel or 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

..’ . 

Attachment 2. Field Monitoring’ba’ia Form: Integrated Monitoring for Particulates, Gases, Vapors, or 
Bioaerosols 

Facilily Name and Localion: 
,L 

Uonitoring Conducted @y and Date: 

Moniloring lnstrumenl (TypelManu(acturerlModel): 

Air Temperature. 0 C Air Pressure 

Conlaminant Sampled: ~qu-b-+QQX-rt~c . t * 

Collection Media: 

mm Hg Relalive Humidity: 0, 

I I I I i I I I I I I 

Field Nolcr: 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

Attachment 2. Field Monitoring Data Form: integrated Monitoring for Particulates, Gases, Vapors, or 

Bioaerosols 

Field Notes: 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

Attachment 2. Field Monitoring Data Form: Integrated Monitoring for Particulates, Gases, Vapors, or 
Bioaerosols 

:acility Name and LocalIon: 

honitoting Conducted By and Dale: 

rloniloring lnshumenl CTypeNanufaclurerlModel): 

\lr Temperature 0 C Air Pressuw 

Conlamlnanl Sampled: 

Collection Media: 

mm Hg Relative Humidity: 

Field Notes: 

, 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

Attachment 2. Field Monitoring Data Form: Integrated Monitoring for Particulates, Gases, Vapors, or 

Bioaerosols 

Air Temperature’ OC Air Pressiw mm Hg Relative Humidity: 

Field Notes: 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN OlVlSlON 

Attachment 2. Field Monitoring Data Form: Integrated Monitoring for Particulates, Gases, Vapors, or 

Bioaerosols 

Facility Name and Location: Conlaminanl Sampled: 6dWf4 0 vkdr 

Moniloring Conducted By and Dale: Colleclion Media: 

Monitoring Instrument rrype/Manufaclurer/Model): 

Air Temperalure’ 0 C Air Pressures mm Hg Relalive Humidity: 

Field Notes: 

Told 

Smpk 

Time (‘I’) 

I 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DlVlSlON 

Attachment 2. Field Monitoring Data Form: Integrated Monitoring for Patiiculates, Gases, Vapors, or 
Bioaerosols 

Contaminant Sampled: 

Moniloring Conducted 8y and Da\e:FJ Colleclion Media: 

Monitoring Instrument CTypelManufaclurer/Model): d u CCs.r A k+.we (n.w*ek.?t TN 1327 

Air Temperalure~ 0 C Air Pressure. mm Hg Relalive Humidily: 0 



MORRISON KNUDSEN CORPORATION 
NAVFAC SOUTHERN DIVISION 

Attachment 2. Field Monitoring Data Form: Integrated Monitoring for Particulates, Gases, Vapors, or 
Bioaerosols 

Facility Name and Location: 

Monitoring Conducted By and Dale: 

Moniloring lnslrumenl CTypelManufaclurer/Model): 

Air Temperalure. 0 C Air Pressure 

Contaminanl Sampled: vr*i OurqP~ 
v 

Collection Media: 

mm Hg Relalive Humidity: 0, 

I I I I I I I I I I 
Field Noas: 



Y MOHHISUN KNUUStN GUKVUKA IIUN 
NAVFAC SOUTHERN DIV1810N 

Attachment 2. Field Monitoring Data Form: Integrated Monltorlng for Particulatea, Gases, Vapors, or 
Bloaerosols 

. I  .  .  .  . . , .  

. 
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. 

. . 

Attachment 2. Field Moniloring Data Form: Integrated Monitoring for Partlculales, Gases, Vapors, or 
Bloaerosols 

. . .~.. .__ _ 

. 

I ! 
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MORRISON KNUDSEN CORPORATION 
N4”FAC SOUTHf3lN Ol”,S,ON 

Attachment 2. Field Monitoring Data Form: Integrated Monitoring for Particulates, Gases, Vapors, or 
Bioaerosols 

. 
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.._ 

Attachment 2. Field Moniloring Data Form: integrated Monitoring for Partlculates, Gases, Vapors, or 
Bloaerosols 

. 

~$ 
r: 
i 
ri u. 
-x 



w -.. - NAV~~~‘SOUTtiERN OlVlBlON 

EXPL , rk-5 
Attachment 2. Field Monltoring Data Fork: Integrated Monitoring for Partlculates, Gases, Vapors, or 

Bioaerosols 



. ._ ..- 
NAVFAC SOlhliERN DMSION 

Attachment 2. Field Monitoring Data Form: Integrated Monitoring for Particulatee, Gases, Vapors, or 
Bioaerosols 

Air Tamoeralure 21 c Air Pmssure: 7ft malia Rebllve Humidily y.3 



, yy  MYrAG ~““l”mvl “l”lJl”N 
0 1’ ‘f-4 c3 

Attachment 2. Field Monitoring Data Form: Integrated Monltorlng for Particulates, Gases, Vapore, or 
Bloaerosols 

Field Notes: 

‘I 



Attachment 2. Field Monltoring Data Form: lnteg@ed Monitoring for Particulates, Gases, Vapors, or 
Bloak3rosols 

I 



ATTACHMENT C 

CHAIN-OF-CUSTODY RECORD FORMS 





MORRISON KNUDSEN CORPORATION 

EN”,AONMENT*L SEmwES Dl”lSlON 
CHAIN OF CUSTODY RECORD 

Company: 

Relinquished By: (Signalwe) 

Company: 

“IIs,,,I..,c,... !  

Dale/Time Received By: (Signature) Relinquished By: (Signature) Daleflime Recewed By: (S,gna,ure) 

Company: Company: t Company: 

i i 
..I,‘ 



@ 
. MORRISON KNUbSEN CORPORATION 

ENVIRONMENTAL SERVICES Dl”lSlON CHAIN OF CUSTODY RECORD ! 500 WBIl 3rd stres, 
Cleveland. OhiD 441,3.,406 
rz16,523-5sw 



@ 

* MORRISON KNUDSEN CORPORATION 

ENVlRONMENTAL SERVICES Dl”lSlON CHAIN OF CUSTODY RECORD lSO0 WBI, 3d sm.e, 
Clevsland. cmio41113.,406 

I 

Relinquished By: (Signatul8) 

Company: 

Relinquished By: (Signature) 

Company: 

Relinquished Rv: (Signature) 

bmpany: 
J 

:1*,11,*, ,Ck.I..~~, 

Dale/Time 

c&q 1 jjo5-- Company: 

Dale/Time Received By: (Signature) 

Company: 

Dale/Time Received By: (Signature) 

I 
COlllpa”y: 

Datefrims Received By: (Signature) 

Company: 



- 

C
-C

- 
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MORRISON KNUDSEN CDtU’ORATlON 

LNYIRONMtNTAL ,ERvICLS DIvl*ION 
CHAIN OF CUSTODY RECORD 

I 
Campmy. Company: 

OalslTima Recelvod By: (Signature) Rellnqui~hod By: (SIgnalum) 

I 
Company: Company: 

Dalsnime Aecoived By. (Signalum) Rolinquirhod By: (SIgnalwe) 

I 
compally: pw: 

Cdssi-cJdr J-S’hL - SYL7 

” i I 



CHAIN OF CUSTODY RECORD 

Pmjacl No.: 

qsz.cl - 
Samplrra: (Slg, - 

- .,J ,.-- . . . . .,,- ..-. _--- . . -._. ,.. 



@a 
e MOlWSOh nNUDSEN CORPORATION 

EN”,RO”YEHTAL~ERIICESOIYI~ION 
CHAIN OF CUSTODY RECORD 

1 I I 1 Company: I I 1 Company: 

I  I  I  
.  

I  I  I  

DatcJTlms Rsosivsd Sy: (Slgnalurs) Rsiinqulthod By: (Signalwe) DaldFir Received By: (Signature) 

I 
Company: Camoany: Company: 

1 
,,l‘Yll 

5537 



CHAIN OF CUSTODY RECORD 

I I I 
DaisfUme Received By: (Signslurs) 

I111111111111 I 
Relinquilhod By: (Signalum) 

I I I 
Dalemme Racelved By: (Slgna~ure) 

Company: Company: 

R~llWlshsd By. (Signilum) ” 
, j&y- ComPmy: 

’ DshflTme Rscalvsd By: (SlQW3lUre) 
I 

D~lCfGIl~ 
Campmy: 

Reliiqui8hsd 63~: (Signslure) 

I 

Recstved By: (Signalwe) 
Compmy. Company: 

I ComQany: 
Rsliiuished By: (Signabm) Dale/lime Received By: (Signalwe) RelinquIshad By: fslQMalUf@) Dslenime 
compmy: 

I 

Reulwd By: (Signalum) 
Company Company: Company: 

R*bquished By: (Signature) Dale/Time R*c4ivrd By: (Slgndwe) RIllnqulrhad By: (Sipnalwe) OalslTlma 
Cornmy: 

I 
Campmy: 

Received By: (S,pnslum) 
Company: 

“L”WII,w..h.4, I company: 
IIIleu 

.._. 



ATTACHMENT D 

MARKUP OF SOILS EXCAVATION PLAN MAP- MINE FILL A 
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ATTACHMENT E 

TOTAL DUST INDUSTRIAL HYGIENE SAMPLE SUMMARY SHEETS 



ATTACHNIENT VI 

TOTAL DUST INDUSTRIAL HYGIENE SAMPLE SUMMARY 

MATERIAL OF INTEREST iMOl) IN DUST:,,u&&ti ,‘hWlC.‘~47Z~ Page J of 1 

IDENTIFICATION SAMPLE TYPE Exposure Limit: OSHA PEL: DUST& MOlJ&% 

Prepared By: _& 6 h-&c,& Personal: ACGIH TLV: DUST& MO1 f$bc, 

Date Prepared: d til1-1 Area: ./ Location:~hc-I~r7-~ Scheduled Hours Per Shift 



ATTACHMENT VI 

TOTAL DUST INDUSTRIAL HYGIENE SAMPLE SUMNIARY 

- MATERIAL OF INTEREST [MO11 IN DUST: ~,+//clA~Jdu Pc)Prccu~ge I of _L 

OSHA PEL: DUST* MOI&C. 

ACGIH TLV: DUSTJQ MOI&~C 

IDENTIFICATION SAMPLE TYPE 

Prepared By: R. 5 f’u.$Ih,~Z Or3 Personal: 

Exposure Limit: 

Date Prepared: 1.1 X7/9? 

Ihm” 0, A,.. 

I -“‘. I 

Area: J’ Locatioil: 
I 

rs Per Shift 

Bhlll TWA 

1: 
-- 

- 

- 

l”O, 
‘“S 

k 

- 

- 

- 

- 

I- - 

f 

-- 

O,, 

-- 

- 

1 -L- - - 
L - - - 

TI = 
a, 

-- 

-- 

I 

-!- 

L 

-!- 

- 

1.q 

u! 

L.2 

- 
- 

- 
- .2-q 

. 3-i - 
- 
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. MO’ ON KNUDSEN CORPORATION 

ENLjlNL J. CONST”“CT,ON AND EN”l”ONMLNTAL D”O”P 

ATTACHMENT V 

RESPIRABLE DUST INDUSTRIAL HYGIENE SAMPLE SUMMARY 

IATERIAL OF INTEREST (MO11 IN DUST:3u<r (Jt&.Sh~~+d~~) Page L of \ 

~ENTIFICATION SAMPLE TYPE 

reparod By: 14. ~tdAbEtY3 Personal: 

, 
late Prepared: 7,4.91 Area:- 

Exposure Limit: 

- 

ACGIH TLV: DUST2 MOImOC b3S@ 

Ill. PdO c I dU~W+ijW 

T - 

cm, 

“‘D 

- 

- 

- 

= 

-- 
- 

MO, 

-T - 

- 

- 

--I 

L - 

Du,, 

Scheduled Hours Per Shift, 



lJ!‘lS ‘ad SJnOH 
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ATTACHMENT F 

DETECTOR TUBE INDUSTRIAL HYGIENE SAMPLE SUMMARY SHEETS 



;ASIVAPOR: N ti 1 
DENTIFICATION: 

ATTACHMENT X 

DETECTOR TUBE INDUSTRIAL HYGIENE SAtViPLE SUMMARY 

EXPOSURE LIMIT: =MPLE TYPE: Page _L of I_ 

?repiucd By: R, SQ~a~sod Date: b \\ ‘1lBnsis: ACGIH TLV& OSHA PEL_Sy I \ Area__ 

IIETECTOR TUBE: Location: &rc\LOlJc, *3 Personnl~ 

3rand: r\ S R Type: d\\, t- 500 ,r” Surveys J 

Batch It: IJe 053_ Expiration Date. lL!rL- Scqtrentiol- Sctvxlulcd tlours per Shift: _ 

IO 

AL- 

lo 

II 
T 

,“!a, , - 

Pl 

\b 

50 



- - - - 



ATTACi~iMENT X 

;AS/VAPOR: 
DENTIFICATION/ 

d3 

DETECTOR TUBE INDUSTRIAL HYGIENE SAifflPLE SUMMARY 

E%POSURE LIMIT: S.AMPLi TYPE: Ptqe ) of 1 

” 
L.- 

I 

1 - 
-- 

: 

,,,I* , . 1 

-Ll?&?- 

LXL 

I 

1 

II 

_- 

- 

: 
- 

“F” N” ” 



1 L 



i - 1 1 1 - 1 1 -I > -1 
- t - - c f 

- - c ; 

- 5 - 

L I - I - 

- 
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;AS/VAPOR: aJtl, 

~ENTIFICATION: 

DETECTOR TUBE ItlDUSTRlAL HYGiEPJE SAMPLE SUMMARY 

EXPOSURE LIMIT: 

I I I I I--- ---I-- 



- 



--f-L 



DETECTOR TUBE INDUSTRIAL WGIEWE SAMPLE SUtiibflARV 

ASIVAPOR:Co,IrJo,~ tt,s / I-& Ha 

)ENTIFICATIOFI: EXPOSURE LIMIT: m;iLE TYI’C PilrJi: -[. of -1 

repared Uy: 8. $hn*,tir-’ Date: 71, 117 Uasis: ACGIH TLV- OSHA PEL-\L Area- 



DETECTOR TUBE INDUSTRIAL HYGIENE SIkbJIPLE SUlViWlARY 

;AS/VAPOR: d\J, 

IIENTIFICATION: EXPOSURE LIMIT: Sr\Mr?LE TY!‘f: Pll@ -I_ 01 J.& 

‘repared Uy: t. s ~~-~b~~~ Date: : ,\d77 Uasls ACGIH TLVZ OSHA [‘EL- Area__ 



L 

- - - > 

- - - 



DETECTOR TUBE INDUSTRIAL HYGIE’c.lE Sf<lillPl.~ SUiiiIwI$i-tY 

~ASIVAPOR: h)tt, 

IENTIFICATION: EXPOSURE LIMIT: S.4F,/I,?L:: TY?E: _. Pcqi: \ of _L 

repored uy: e. SPJGEd Dote: 7/?/r? Basis: ACGIH TLVaOSI-IA I’EL_S1;2 Area- 

ETECTOR TUBE: Location: f.3 10 F&cl L ) TY PlXSOrlill~- 



1 

.~mp Type:& 

Tlrn.~ / 

S.“yA, I 

IO00 

k-1 
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JirtO -1 
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IO00 

f%CETO,.J~ -I 
IO00 
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iAS/VAPOR: !j L\ 3 

~ENTIFICATION: 

AT-TACi-iMEN?- X 

OETECTOR TUBE INDUSTRIAL WGIERIE SAMPLE SUMiUlARY 

EXPOSURE LIMIT: 



= - - - - - - - - - - - 



WVAPOR: /+ti15~, L /%I 0 

ENTIFICATION: EXbOSUBE LIMIT: SAMPLZ TYPE: 

zpared By: ft. ,?j,“ JIL hd~ote: ‘///)9 1 Basis: ACGIti TLV&SktA PEL&Area 

PwJe 1_ 011 

- 
I 

; 



I 

DETECTOR;CUBE INDUSTRIAL HYGIENE SAMPLE SUMMARY 

AS/VAPOR: t-N. 

~ENTIFICATION: EXbOSURE LIMIT: SAMPL!- TYPE: -- Puge 1 of t 

epared By: R. 86’ucbLOh) Date: d-l 9 97Basis: ACGIH TLVa OSHA I’ELS Area___ 

ETECTOR TUBE: Location: t$ to ,=Aa,LL7y Personal- 

.and: fls f+ Type: 2- soa “p” SurveyJ 

vich It: tJE -053 Expiration Date: ; / 7 ‘1 Seqw3~tiul___ scllcdulcd Ilours per Sl1ilt: __ 

= 

::. 
g 

i - 

- 1 

1 - 



.~TTACHMENi- X 

IS/VAPOR: fi’7 
ENTIFICATION: 

EETECTOR;CUBE INDUSTRIAL HYGIENE SAMPLE SUtViMARY 

EXbOSURE LIMIT: SAMPLE TYPE: PWJC 2 of & 

epared BY: k . SPu~LbEdti Date: 9 17 h basis: ACGIH TLVX OSHA PEL& Area- 

iTECTOR TUBE: Location: d \b - ;J‘+Q~c~ 7 r Pcrsorlill~ 

and; wsfi Type: 1 - 5i1G,!fc? SUW?V> 

Itch /I: PE -0.53 Expirntion Date: 7 117 Seqtrcntiul- Scl~ctlc~lcd llours per Sllifr: _ 

I i 





- 

‘, 

: 
-* 

- - - - 

- - - - 





DETECTOR,TUBE INDUSTRIAL tiYGiEME SAMPLE SUNIMARY 

IS/VAPOR: I.!&, 
ENTIFICATION: EXk’OSURE LIMIT: SAMPLE TYPE: Psgc- J-01 -I- 

epared By: f?. 5f’ti&!bEO, q iiJ!.f Date: II. 17Basis: ACGIH TLVS OSHA PEL& Area__ 

iTECTOR TUBE: Location: &o - r’Ac\ury Pcrsollirl~ 

and: fiJ& Type: 2 - 500 pp.4 

Expiration Date: 

11 
Survey_lL 

Itch //: t& - 053 7 I? 9 Sequentiol~ 

rzt4 

SCllctlltlctl Ilours per Sllift: -__~_ 

crnp Type: Kd\\c Pm Serial /I: 7 7-e 



I ! i 

! I I 

4 -2 u \ 
I 

1 .ill 
u 

u 

I 

- - - - 

- - - - 

- - - - 

- - 



ATTACHMENT X 

DETECTOR,TUBE iNDUSTRlAL HYGIENE SAMPLE SUMMARY 
:. 

1SIVAPOR: /J t-) ? 
ENTIFICATION: EXF’OSURE LIMIT: SAMPLZ TYPE: Puga _L 014 

epered By: R. 3Pc~ CL &&Date: / 9 (7 ?7Oosis: ACGIH TLV> OSHA PELB Area- 

iTECTOR TUBE: Location: d rcl- F/4CfLlT,~ 



ATTACbIMENT  X

DETECTORiTUBE  INDUSTRIAL HYGIENE SAMPLE SUWiMARY

\S/VAPOR:  .a \h

~NTIFICATION: EXbOSURE  LIMIT: SAMPLE  TYPE: Page 1 of J-

spared B y :  R, 3~Q.A~~o~ Date: A& 7Basis: ACGIH  TLV>  O S H A  PELa  A r e a -

iTECTOR  TUBE: Location:  v$tO-  FAC~L~FY Pcrsona~
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ATTACHMENT G

GAS/VAPOR/FUME/MIST INDUSTRIAL HYGIENE SAMPLE SUMMARY SHEETS



MORRISON KNUDSEN CORPORATION

GAS/VAPOR/FUME/MIST INDUSTRIAL HYGIENE SAMPLE SUMMARY

Page I of I

P r e p a r e d b y :  R. ~~~~~EO~

Date Prepared: 7 9/97

SAMPI  F NPF

Personal:

Area: /

Location:

Scheduled Hours Per Shift:-



MORRISON KNUDSEN CORPORATION

GAS/VAPOR/FUME/MIST INDUSTRIAL HYGIENE SAMPLE SUMMARY

FlLTWt  Qk!U

Brand: M\L\eO  -i-l  e Batch # &/& Expiration Date:s/9  /?6

SAMPCF TYPP

Prepared by: R. sfAcLl=J Personal:

Date Prepared: Jhh7 Area: t/

L o c a t i o n :  file  r’/+Clc~  7Y

Scheduled Hours Per Shif t : -

Ib,n.nn,  I - I  ..,v~ul  ma4 m.l-I-I - l - l - l -  I I ,#\.Q..I. - I I v*



ATTACHMENT H

HEAT STRESS INDUSTRIAL HYGIENE SAMPLE SUMMARY SHEETS

-

-



6Z-



@.
l MORRISON KNUDSEN CORPORATION

EN0INEERIN0.  CONSTR”CTlON
6 EN”,RONMENT*L  GRO”P

ATTACHMENT XI

HEAT STRESS INDUSTRIAL HYGIENE SAMPLE SUMMARY

Location: j,i  - FA~ILI  ?‘r Prepared by: A . 3 p&rzbccr
Page I of 1

Apparent Temperature: tis’p Weather Conditions: 5.j.e  .d  r LIL\+T kc3/:r<,5  &;

Name Location/Job

-2.:.  I

Baseline Sample #l sample  RL Samplea  , P P E I Workmesl
Resting Resting Wwklng Worklng Working Working
PUlM Temp PUlS=3 Temp Pth T e m p

I I I

icyy$q C y c l e

I I 7.3



@B* MQRRlSCh  I<NUDSEN  CORPORATION
ENGINEERING, CONSTR”CTION
&  ENVIRONMENTAL GROUP

ATTACHMENT XI

HEAT STRESS INDUSTRIAL HYGIENE SAMPLE SUMMARY

Location: $310  - l=4~\L\l-T Prepared by: R. 5 PLuclLlzCrl Page I of 1

Apparent Temperature: 8L Weather Conditions: ~.uJ&’  t\or  -3

Date Name Location/Job Baseline Sample 131 I Samplt



ATTACHMENT I

SOUND LEVEL SURVEY AND DOSIMETRY  INDUSTRIAL HYGIENE SAMPLE
SHEETS



M O R R I S O N  K N U D S E N  CORPORATfO@J .
M(?wEmNG.  co-CMFl  AN0 ENvmo-u GROW

A-ITACHMENT  I
PAGE 1 OF 2

SOUND LEVEL SURVEY

Location: (I JrLo\tiL &-3

Prepared By: R . SPXQLEOJ

Sound Level Mater: r\k  -z

Calibrator: P-f%- \

Date: & \97

Serial #: 2ot 24

Serial #: oqw7

Calibration: Initial final

” Healing
Protection

DescriptionDescription ‘.  :‘.  :

\\

b’

Drawing of equipment or work layout
Reference Numbers refer to the Test Number above



MORRISON KNUDSEN CORPORATION
MO-G. co-cnoN  Am ENvmo-Al  GROUP

AITACHMENT  I
PAGE 1 OF 2

SOUND LEVEL SURVEY

Location: dLLL\LQ\UL k-2 Date: L to 97

?repared  By: ,_  S Qu-C~Folc)

Sound Level Meter: y\< - z Serial #:

Calibrator: AC-I Serial #:

Drawing of equipment or work layout
Reference Numbers refer to the Test Number above



MORRISON KNUDSEN CORPORATION
M(IKE5aNG.  CONnmlcnON  Am m.-vmo~AL  cTGub

Al-i-ACHMENT I
PAGE 1 OF 2

SOUND LEVEL SURVEY

-0cation: fkA\LQ\tiL *3 Date: L lb  97

Sound Level Meter: FC\K  - L Serial #: z-c;\  2‘1

Calibrator: AC-1 Serial #: 0 q 4 ,j ; 7

Calibration: Initial 9’4.3  1\q.3  I 23.7
I I I

Drawing of equipment or work layout
Reference Numbers refer to the Test Number above



MORRISON KNUDSEN CORPORATION,
MGDLW(NG.  CONSTRUcnOH  AND E?wmouMENrAL  GROW

All-ACHMENT I
PAGE 1 OF 2

SOUND LEVEL SURVEY

ocation: i+\LQ\  taL7 -=t Date: \.  I I(> In7

;ound Level Meter: &AK-L Serial X: , (l,  Lq

Calibrator: AC/-l

Drawing of equipment or work layout
Reference Numbers refer to the Test Number above



MORRISON KNUDSEN CORPORATION
MO-G. co-H *ND  EHvlRouMEwu  GAOVP

AlTACHMENT I
PAGE 7 OF 2

SOUND LEVEL SURVEY

Location: Rv.kL.0  \UG
-8; Date: d\ol97

Prepared By: . seu-&L~o~

Sound Level Meter: +tcwz=+  Ias-i Serial 6‘: 20\ 2 9

Calibrator: AC-\ Serial #: oqq3-7

Drawing of equipment of work layout
Reference Numbers refer to,the  Test Number above



MORRISON KNUDSEN CORPORATION
ma-G.  CONslmJcnON  Am DNRoNMQrru  Gmw

- All-ACHMENT I
PAGE 1 OF 2

SOUND LEVEL  SURVEY

Location: &Al  LO IN  1.  ‘3

Prepared By: R. 5 Tie b&Dhl

Sound Level Meter: PJK- 2

Calibrator: AC-1

Date: &I?7

Serial #: 2Olz.P

Serial #: oqq3-f

Drawing of equipment or work layout
Reference Numbers refer to the Test Number above



MORRISON KNUDSEN CORPORATION
MO-G. CONslRUcnoN  mm QMRo-u  GROUP

-
ATTACHMENT I

PAGE 1 OF 2
SOUND  LEVEL  SURVEY

.ocation: o\o  - l= AC\L\ ‘ry Date: \,\t5lc7

Sound  Level Meter: /+-TLC--7_ Serial #: ‘iO\2.9

Calibrator: h-c- \ Serial #: o’tuc3-7

Drawing of equipment or work layout
Reference Numbers refer to the Test Number above



MORRISON KNUDSEN CORPORATION
MQ-0.  c o - Am --AL  GROW

A-ITACHMENT II

NOISE DOSIMETRY  SAMPLE FIELD SHEET

Sample I.D.: Date: IOlX  197

Sample I.D. #: dAtiE - 0 0 3

Name, Person Sampled: R!LK D/+flIOFF SS#: 3 1 3  -4q - b75 I..

J o b :  ScheA6  ok;-\cltTDL Work Location: fill-?-  FAU~ Ll -Y

Dosimeter - Model: MK - 2 Serial#:  201 2 9 Dosimeter Threshold: & dB(A)

Calibration: Initial q*/,I,.,  !lLS.-/ Final: 9qln9,s  It?-3.7

C a l i b r a t o r :  !I%- \ Serial#:  bqJ3  7 (5/151?vj B a t t e r y  C h e c k :  J

Dosimeter Information - Time On: &ii&& Time Off: I \r at> RunTime:  8%S ZOM)~

Avg: 7302 Dose%: 2 b.7  “’ M a x :  \\O.o~%fi  O . L . :  ‘J/h

~_  Over 115 dB(A)?  Yes _ No J

Operations: Normal J Abnormal - Explain ‘i-  L,  Lhl(  N b, PC  LES

Hearing Protection - Type: ‘i-AJto 772X-  F I T % of Time Worn: too -fa

Weather Conditions:

Approximate T,emperature: OF 7  o

Sky: Precipitation C l o u d y  J Partly Cloudy Clear

Wind: Calm L i g h t  J Medium High

Work Description/Comments:

Scheduled Hours per Shift: A

‘ampled  By:

0/Rsv NO.  0 PAGE  39 OF 8



MO JN KNUDSEN CORPORATION
ENOlh. >, CONS,R”CTlON  AND wvtRONMENTAL  DRO”P

ATTACHMENT III

NOISE DOSI~ETRY  INDUSTRIAL HYGIENE SAMPLE SUMMARY

IDENTIFICATION GENERAL INFORMATION

Location: UlO  - FAC-1  L 1 TY Calibrator: AC-  I -. Page I of \

Prepared By: R. SPtiRLfiad Exposure Limit: 85 Scheduled Hours Per Shift &



MORRISON KNUDSEN Cunru~~-...-.-
ElgmTNe.  co-- Am ENvmo-Al  mcu*

-r

A-I-I-ACHMENT II

NOISE DOSIMETRY  SAMPLE FIELD SHEET

Samole I.D.: Date: \D  bll47

Sample I.D. #: CLAh)E  - OD\

Name, Person Sampled: R \ ck OAT‘rtOfF SS#: 3\3- q’-l-  b7S 2

Job: o4lsfi?  i+)L3/;L Work Location: alo- ~ficf~~  T r

Dosimeter - Model: A k - 2 Serial #: Z 01 2 9 Dosimeter Threshold: &Q dBfA1

Calibration: Initial ?G/ llq*a  1 113.7 Final: 93/I\J*3  lL3.7

Calibrator: AC - \ Serial #: n4’13-l (~131%) Battery Check: 0 K

Information Time On: 0 7 3 0 Time Off: I ZOR RunTime: ‘fhlL 39fifNDosimeter -

Avg:  \Dq,  5 a6  D & e % : . & M a x :  IOZ.  5’ 46 O.L.:A
4 BOA6

bver  115 dBfA)?  Yes _ No-IL

xkplace  Conditions:

Operations: N o r m a l  J A b n o r m a l  _ _ ExplaindPEc,KtiK  or= ~04tid  TL’GJldb  PILES

Hearing Protection - Type: TAX0 T&L-  .=I7 % of Time Worn: 100%

Weather Conditions:

Approximate Temperature: A OF

Sky: Precipitation Cloudy P a r t l y  C l o u d y  J Clear

Wind: Calm Light / Medium High

Work Description/Comments:

Scheduled Hours per Shift: 2

_.~
‘ampled  By: .

pRa7wwzE  NO.  5 P&v  NO.  0



Me N KNUDSEN CORPORATION
WGIN. ., CONS,R”CTlON  AND EN”,“ONMEN,,u  D”O”P

ATTACHMENT III

NOISE DOSIMETRY INDUSTRIAL HYGIENE SAMPLE SUMMARY

lDENTiFlCATlON GENERAL INFORMATION

Location: B\O-B\O-   FACILITYFACILITY Calibrator: AC-  \ Page I of \- -

Prepared By: c. SPOdQ~EOo/J Exposure Limit: ?o  AflA Scheduled Hours Per Shift _8

Date Preoared: Id7197Id7197 OSHA-PEL 7 6 ACGIH-TLV ? tI



MORRISON KNUDSEN CORPORATION .
M(IwEEmNa.  coNsTRu-  AID  Evvmo-Al  0mlP

-
ATTACHMENT II

NOISE DOSIMEI-RY  SAMPLE FIELD SHEET

Sample I.D.: Date: 1 D 7 7 7

Sample I.D. #: C&t+rJE  - 007

N a m e ,  P e r s o n  S a m p l e d : fi Ike McsOQO% SS#:  ?LtY-  coo - 98 23

J o b : .E,%l)J. I-ELLA. Work Location: RIO  - I=ACILI  TY

D o s i m e t e r  - M o d e l : AK-L Serial #: LoI  -c 9 -’ D o s i m e t e r  T h r e s h o l d :  & dB(A)

Cal ibra t ion:  In i t ia l  93 .7  I\q  12q.3 F i n a l :  93.7  114 rz4.-T

Calibrator: A C - \ Serial #: 04q3-l B a t t e r y  C h e c k : 0  K

Dosimeter Information - ~Time  On: o 5  0 0 Time Of f :  1153 RunTime:  3\4R  53fird

A v g :  72.7  b8A  D o s e % : 9.1 l  h Max: 9 6. b x8A  O.L.: J/A

_ Over 115 dBfA)?  Yes __ No J_

Operations: Normal J Abnormal ___ Explain 54 m&t  N b FlL&E,

Hearing Protection - Type: T&r-n 7-e - I= I 7 % of Time Worn: ,ooy/’

W e a t h e r  C o n d i t i o n s :

Approximate Temperature: 7 0 “F

Sky: Precipitation C l o u d y  y P a r t l y  C l o u d y C l e a r

W i n d :  C a l m  J Light M e d i u m High

Work Description/Comments:

Scheduled Hours per Shift: &

‘ampled  By: f?-LL-



@
., m IN KNUDSEN CORPORATION

LNGlk. -, CDNSTR”CTlON  AND EW”lAONMENTAL  OROUP

AlTACHMENT III

NOISE DOSIMETRY INDUSTRIAL HYGIENE SAMPLE SUMMARY

JDENTIFICATION GENERAL INFORMATION

Location: fl\O  - FOCILI  TY Calibrator: AC - \ .  . Page A of \

Prepared By: f? . 6 PAaGEOJ Exposure Limit: qoa6Aqoa6A Scheduled Hours Per Shift &

I-TLV 90
-

ig

2

-

-$
1-

‘201  29 8080



ATTACHMENT J

LYLE ENVIRONMENTAL MANAGEMENT LABORATORY REPORTS



Date of Report: Ocrober  6, 1997

LABORATORY REPORT

Report to: Morrison Knudsen Corporation
1500 West 3rd Street
Cleveland, OH 44113-1406

PO Number: NA

Analysis for: Frank Peuik
Phone: (216) 523-5600
Fax: (216) 523-5035
Sample Numbers:07627-84
Sample ID: Plates

Laboratory Record:
Received: September 13, 1997
Analyzed: Sept. l4-Ott  3.,  1997
Reported: October 6, I997

MICROBIOLOGICAL ANALYSIS

_ LYLl?t~~i%ttt&lIES
1 of3

1507 CHAMBERS ROAD COLUMBUS OH 43212-1539 6l4l4RR.1033
ACERnmDLUIORATORY:AMAAorrrdrtedX9307:OhroEPALLcX878:
nLi”=DI  r--“:c.l”“lc”.  h,Tnr”oATL__D_i~.-.-,,.





-

WA= h’ot applicable

Posirive’  indicates the isolation KU  consisrenl with one or  more of  the iollowing  yea.%  or  molds. I.) Altemtia  sp., 2.)  Penicillium sp., 3.)

Cladosporium sp.. 4.)  Rbiropus  sp.

Lyle Laboratory Analyst

Hendrik Oulwoff

CW7627-Wtil3,5’.  Micm7) 3  o f3



10/07/1997  m:34 6144881198 LME  EM/ P A G E  82

Date of R&port:  October 7, 1997

:LABORATORY  REPORT

Report to; Morrison Knudson Corp.
1500 West 3rd Street
Cl&eland,‘OH 43113-1406

Analysis  for:Frank Petrik
Phone: (216) 523-5035
Fax: (216) 523-5201
SampleNumbers:07%6-73
Laboratory Rkmd:

Received: Sept.  23, 1997
Alla&Ad:  se@!-a.  2.1997
Reported: October 7. 1997

Industrial Hygiene Analysis
Airborne Explosives

2-Nitrotolucne



cFN:Lk.,\ c:~grlNtwws- -RTS\07966T).MKC-RTS\07966T).MKC 2of3
:



10/07/1997  88:  3 4 6144881198 LYLE EiW PAGE 84

l * =~  Unlut~.  +covcry  is for both compounds

Qtjamitatio~-Method:
:

TeSr  Metho&  for Evaluation Solid Wastes, EPA SW846, RCV.  0;

~.’ September 1994.Method 8330.

: _. . .
‘.

~~ Lyle  SOP: Explosive Residue Analysis on’OVS-2 (X&D-2) Adsoption tube.
Revision 1

.’

We Laboratory h&t

‘.aw:tb\\  c:wlNLmwn- l3LmmwlT.wl96673.MKC :. 30f3 :



To: Frank J. Petrik
Senior Safety Supervisor
Morrison Knudson Corporation
Phone: 216-523-5035
Fax: 216-523-5201

From: Jeffrey A. Suggs
Laboratory Manager
Lyle Environmental Management, Inc.
Phone: 614-488-1022
Fax: 614-488-I 198

Date: September 16, 1997

Subject: Response to “Questions on Explosives . ..” Received Fax g/10/97

Please find the answers or clarifications to your questions below:

1 .

2 .

3 .

All results were reported as ~0.05  mg/m’. This represents a conservative detection limit
based on the lowest total flow sample submitted. Since the detection limits is artificially
high, the same value was chosen for all compounds.

The column listing the matrix spike recovery % represents the recovery from a blank tube
from the same lot as the tubes for the samples. All recoveries are acceptable (*25%)
except Tetryl.  Tettyl  is a poorly resolved shoulder on another peak which may account
for the possible variation in quantification resulting in a high recovery.

Project Specific Desorption Efftciencies  (DE) have not yet been determined. Based on
your letter, we are aware that Morrison Knudson is very concious  of full documentation
for analytical reports. Therefore we are now running a five level DE curve in triplicate,
this curve should satisfy EPA and OSHA Portocols. DE’s are scheduled to be run the
week of 9/19/97.  It has been our experience that DE’s are typically in the range of 90-
100% for most compounds. Had any compounds been detected, DE’s would have been
determined on an as needed basis prior to reporting results. The conservative detection
limits used (see answer #I above) allow for a very conservative DE of 50% .

LYLi LABORATORIES
1507  CHAMBERS ROAD COLUMBUS OH 43212-1539 614/466-1022

ACZ-D~BORATOm?AIHAAccrrdned wxmOhioEPALkm8
OhiaEp*rrniRrrl”IV) wlnCYDIT--D.-~  -.-. -“.

C M :  L~bMgr\\C:\OFFIC~WPWIN\WPWCS\RESPONO.MKC  1 Of-2



4 . The corrected formula for calculation including terms for the pre-filter is as follows:

C(mg/m  ‘)=
[wp+w~+w*-(Bp+B/+B~]xIo’

VL

Where: C = concentration of analyte in air, in mg/m’
W,  = mass of analyte in sample prefilter,  in mg
W, = mass of analyte in sample front, in mg

W, = mass of analyte in sample back, in mg
B, = mass of analyte in blank prefilter,  in mg
B, = mass of analyte in blank front, in mg
B, = mass of analyte in blank back, in mg
V, = volume of air sampled, in L

The pre-filters were run separately, so that if any analytes  had been found, the
“particulate” value could be separated from the “vapor” value.

5 . Since the sampling and analytical error (SAE) is not available, use the value 0.15.

C M :  ~bMg~\C:\OFFICRWPWIMWPDOCnRESPOND.M);C  2 Of2



Report to:

Date of Report: September 22, 1997

LABORATORY REPORT

Morrison Knudson Corp. Analysis for:Richard Spurgeon
15001500   West 3rd Street Phone: (216) 523-5600
Cleveland, OH 43113-1406 Fax: (216) 523-5547

industrial Hygiene Analysis
Desorption Effkiencies  for

Airborne Explosives

Compound A&&e  Desoq&on
-~ Effkiency :

I
HMX

RDX

1,3,5-Triniuobenzene

1,3-Dinitrobenzene

Tetryl

Nitrobenzene

2.4.6-Trinitrotoluene

4-Amino-2,6-
dinitrotoluene

2-Amine-4,6-
diiitrotoluene

2,CDinitrotoluene

2,6-Dinitrotoluene

2-Nitrotoluene

3-Nitrotoluene

4-Nitrotoluene

9 9 . 0 7 %9 9 . 0 7 %

9 7 . 4 5 %9 7 . 4 5 %

9 7 . 8 6 %9 7 . 8 6 %

9 7 . 5 9 %9 7 . 5 9 %

8 5 . 7 9 %8 5 . 7 9 %

9 5 . 2 7 %9 5 . 2 7 %

9 8 . 6 4 %9 8 . 6 4 %

9 8 . 6 4 %9 8 . 6 4 %

9 8 . 2 8 %9 8 . 2 8 %

9 6 . 6 6 %9 6 . 6 6 %

9 6 . 6 6 %9 6 . 6 6 %

95.51%

9 5 . 7 2 %9 5 . 7 2 %

9 6 . 3 0 %9 6 . 3 0 %

CFN:hb\\  C:\WINDDWSCHEMFlLE\REPORTS\De.MKC

LYLE LABORATORIES
I of3

,507 CHAMBERS ROAD COLUMBUS OH 43212-1539 614/488-1022
ACE-DUBORATORY:AIHAA~~~~~~~~O~~EPAL~~~~
ObkEPACenikd”4150.  NIOSHPATPmcmmPm~w,l



Quantitation Method: Tesl  Methods for Evaluarion  Solid Wasres.  EPA SW846,  Rev. 0,
September 1994 Method 8330.

Lyle SOP: Explosive Residue Analysis on OVS-2 (XAD-2) Adsoption tube
Revision 1

Note: Average desorption  efficiencies are based on triplicate runs of five different concentrations.
(Fifteen analyses total)

m
Lyle Laboratory Analyst

CM:Lab\\  C:\WINWWnCHEMLlLE\REPORTnDE.MKC 2 of 3
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-

iill Date of Report October 2 1, 1997

LABORATORY REPORT

Report to: Morrison Knudson Corp.
1500 West 3rd Street
Cleveland, Ohio 4 3 1 1 3

Analysis for: Frank Petrik
Phone: (216) 523-5035
Fax: 523-5201( 2 1 6 )
Sample Numbers:07183-5
Sample ID:Air  Filters
Laboratory Record:
Received: August 25, 1997
Analyzed: October 15, 1997
Reported: October 21, 1997

INORGANIC CHEMISTRY ANALYSIS

Air Filter ( mg/m’ )

Element

Aluminum

Antimonv

Arsenic

Pro:ect  # 4324-0009 NSWC Crane ( Mine Fill A )

METtvlFAOOZP METMFAOOZA
Lyle ID # 07183 Lyle ID # 07184

(1B l a n k

<0.014 <0.014 <0.014 c o . 0 1 4

<o.oo  I <O.OOl <O.OOl <O.OOl

co.00 I <O.OOl <O.OOl co.00 1

co.00 1

<0.000028

co.07

co.04

<O.OOl

co.07

co.20

<O.OOl

co.40

I. LYLE LABOR*TORlES
1507 CHAMBERS ROAD COLUMBUS OH 4X12-1539



Silicon co.07 co.07 x0.07 co.07

Silver <O.OOl <o.oo  1

~,

co.00 1 <O.OOl

Tin <0.00056 <0.00056 <0.00056 <0.00056

Vanadium <O.OOl <O.OOl <O.OOl -co.001

Zinc <n.n4 < <n.n4 <0.04

NIOSH  7300
GBC 906G Flame AA GBC 906G Graphite Furnace AA
GBC GF3000 Graphite Furnace GBC PAL3000 Auto Sampler

Blank = Air filter sample prepared using the same digestion procedures used in sample preparation. -
Blank Spike= Air filter sample spiked with a known metals concentration added that is prepared using the ale

digestion procedures used in Sample preparation.

jQg$?&&bh

Lyle Laboratory Analyst
Elizabeth Adkins

2 of 2 A:\07183-85.MKC[3.5”.  Chcm-84)
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Date of Report October 21, 1997

d -

Report to:

LABORATORY REPORT

Morrison Knudson Corp.
1500 West 3rd Street
Cleveland, Ohio 43 113

Analysis for: Frank Petrik
Phone: (216) 523-5035
Fax: (216) 523-5201
Sample Numbers:07090-2
Sample 1D:Air  Filters
Laboratory Record:
Received: August 25, 1997
Analyzed: October 15, 1997
Reported: October 2 1, 1997

INORGANIC CHEMISTRY ANALYSIS

Air Filter ( mg/m’ ) Project # 4324-0009 N’SWC  Crane ( I

Element

Aluminum

Antimony

Arsenic

Cadmium

Calcium

METMFAOO I P
Lyle ID # 07090

co.0 14

<O.OOl

c0.001

<O.OOl

<0.000029

co.07

ine Fill A )

LYLE LABORATORIES
1 of 2 A:\07090-2.hNC[3.5”.  Chcm-84) J-13



I

1M E T M F A O O  1  P METMFAOO 1 A METMFAOO 1 F

Selenium <o.oo  1 co.00 1 <O.OOl co.00 I 1 1 6

Silicon co.07 co.07 co.07 c o . 0 7 1 0 2

Silver <O.OOl <O.OOl <o.oo  I <O.OOl N/A**

Tin <0.00058 <0.00058 <0.00058 <0.00058 7 8

Vanadium <O.OOl <O.OOl <O.OOl co.00 1 8 3

Zinc <o 04 <0.04 <0.04 <0.04 111

NIOSH 7300
GBC 906G Flame AA . GBC 906G Graphite Furnace AA
GBC GF3000 Graphite Fumace~~ GBC PAL3000 Auto Sampler

Blank = Air titter sample prepared using the same digestion procedures used in sample preparation.
Blank Spike= Air filter sample spiked with a known metals concentration added that is prepared using the same

digestion procedures used in Sample preparation.
* Aluminum blank spiked at the detection limit..
**  Spi

Elizabeth Adkins

2 of 2 A:\07090-2MKC[35”,  Chcm-841
3-r



Date of Report October 29, 1997

LABORATORY REPORT

Report to: Morrison Knudson Corp.
1500 West 3rd Street
Cleveland, Ohio 43 1 1 3

Analysis for: Frank Petrik
Phone: (216) 523-5035
F a x :  5 2 3 - 5 2 0 1(216)
Sample Numbers:7974-6
Sample ID:Air Filters
Laboratory Record:
Received: September 30, 1997
Analyzed: Sept. 30-Oct. 22, 1997
Reported: October 29, 1997

INORGANIC CHEMISTRY ANALYSIS

LYLE LABORATORIES
1 of 2 A:\07090.MAR[3.5”, Chcm-831 J-b-

1507 CHAMBERS ROAD COLUMBUS OH 43212.1539 614/488-1022 *~RnmoLABORATORY:A*“AAEmdircd~307:OhioEPALiu.xR7X

F A X  614/488-1196
OhhEPAccnibln4,SO.  N,OSHPATPmgnmPannQanr19M
Pr(ONSIONU.MEMBERFHIPIN:ASM.AI”*ACS.AASRCAAAS



Element METBlOOOlA METBlOOOlP METBlOOOlF Blank
Lvle &7974

-
Lvle ID # 7975 Lyle ID # 7976

Manganese co.074 co.067 co.074 co.074

Molybdenum <0.00044 0.00094 <0.00044 <0.00044

Nickel co.037 co.034 co.037 co.037

Selenium <0.0010 <0.00094 ~0.0010 <0.0010

Silicon 0.012 0.0088 0.0044 <0.0015

Silver 0.000065 0.000042 0.000050 <0.000037

Thallium <0.0010 <0.00094 <0.0010 <0.0010

Tin <0.00059 <0.00054 <0.00059 <0.00059

Vanadium <0.0010 <0.00094 <0.0010 <0.0010

Z i n cZ i n c <0.015 <(-IO13 <no15 <on15<on15

NIOSH 7300
GBC Flame 906G AA GBC Graphite Furnace 906G AA
GBC GF3000 Graphite Furnace GBC PAL3000 Auto Sampler

Blank = Air filter sample prepared using the same digestion procedures used in sample preparation.
Blank Spike= Air filter sample spiked with  a known metals concentration added that is prepared using  the  same

digestion procedures used in Sample preparation.

Elizabeth Adkins

2 of 2 A:\07090.hL4R[3.5".A:\07090.hL4R[3.5".   Chew831  _
3 4



Report to:

Date of Report: October 21, 1997

LABORATORY REPORT

Analysis for: Frank Petrik
Phone: (216) 523-5035
Fax: (2 16) 523-520 1
Sample Numberxsee  below
Sample Type: Charcoal tubes
Laboratory Record:
Received: Sept. 24, 1997
Analyzed: October 15, 1997,
Reported: October 21, 1997

ORGANIC CHEMISTRY ANALYSIS



Niosh 1501 Compounds (ppm in air)

Compound Name 0 8 0 8 60 8 0 8 6 0808708087 0 8 0 9 20 8 0 9 2 0 8 0 9 30 8 0 9 3
-_-_

B e n z e n eB e n z e n e co.087co.087 CO.087CO.087 <0.092<0.092 <0.097<0.097

p-tert-Butvltoluenep-tert-Butvltoluene c o . 0 4 5c o . 0 4 5 c o . 0 4 5c o . 0 4 5 c o . 0 4 7c o . 0 4 7 <0.050<0.050 II

::\MyFiles\08084-98.mk::\MyFiles\08084-98.mk 22



,-

Compound Name

Compound Name

Benzyl chloride

Bromoform

Carbon tetrachloride

Niosh 1003 Compounds (ppm in air)

08088 08089

co.034 co.034

co.044 c o . 0 4 4

<0.040 <0.040

08094 0 8 0 %

co.034 c o . 0 3 4

co.044 <0.044

<0.040 <0:040

c:\MyFiles\08084-98.d 3



c:\nyFiles\08084-98.m!sc:\nyFiles\08084-98.m!s 44



Note: Results are based on the concentration of the low standard relative to the volume of air sampled

Methods: Hydrocarbons, BP 36-126, NIOSH 1500; Hydrocarbons, Aromatic, NIOSH 1501; Hydrocabons,
Halogenated, NIOSH 1003. NIOSH Manual of Analytical Methods, Fourth Ed., S/15/94.

Lyle Laboratory Analyst

c:\nyFiles\08084-98.mk 5

n ‘%+,//
“gl3s
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ATTACHMENT K

WIPE SAMPLE RESULTS FOR EXPLOSIVES



Date of Report: November 4. 1997

LABORATORY REPORT

Report to: Morrison Knudson Corp. Analysis for: Frank Perrik
1500 West 3rd Streer Phone: (216) 523-5035
Cleveland, OH 43 113-  1406 Fax: (216) 523-5201

SampleNumbers:08617-25
Laboratory Record:

Received: October 16, 1997
Analyzed: Oct. 17-Nov.3,  1997

Project Number: 4324-0009 Report&November 4, 1997

Industrial Hygiene Analysis
Explosives

d i i u o t o l u e n e

2,CDinitrotoluene

2,6-Dinitrotoiuene

2-Nitrotoluene

3-Nitrotoluene

4-Nitrotoluene



Lyle ID#’ 08622

4-Amino-2,6-

2,4-Dinitrotoluene <l.O 41.0 <l.O

2,6-Dinitrotoluene <l.O Cl.0 Cl.0

2-Nitrotoluene <l.O < 1.0 Cl.0

3-Nitrotoluene <l.O < 1.0 <l.O

4-Nitrotoluene <I.0 <l.O <l.O

CFN:Lab\\A:\08617-ZJ.MKC  (3.5-&m  86) 2of3



I====Compound EXF’BIOO(YIW EXPBIOOOSW FXPBIOOO9W ‘Matrix Spike
Lyle ID# 08623 Lyle ID#  08624 Lyle ID#  08625 % Recovery

ug/wipe ughipe ug/wipe

HMX < 1.0 c 1.0 < 1.0 188

RDX < 1.0 < 1.0 <l.O 2 6 8

1.3.STrinitrobenzene < 1.0 < 1.0 < 1.0 143

1.3-Dinitrobenzene < 1.0 < 1.0 <I.0 142

Terry1 < 1.0 < 1.0 < 1.0 154

Nitrobenzene < 1.0 < 1.0 < 1.0 135

2.4.6.Trinitrotoluene < 1.0 < 1.0 < 1.0 156*

4-Amino-2,6- <I.0 < 1.0 <l.O 156*
dinitrotoluene

2-Amino-4,6- < 1.0 <l.O <l.O 139
dinitrotoluene

2,4-Dinitrotoluene < 1.0 < 1.0 <l.O

2,6-Dinitrotoluene < 1.0 <l.O <l.O 155**

2-Nitrotoluene < 1.0 < 1.0 < 1.0 135

3-Nitrotoluene < 1.0 < 1.0 <l.O

E 155**

162

Nc
GNitrotoluene < 1.0 < 1.0 <l.O I 421 J
xe:  Matrix spike recovery performed on Whaunan  125mm  filter papers. Spike level was at detection

limit. Above recoveries are acceptable at the detection limit.
All samples confirmed on second column due to interference.

*, ** = coelute, recovery is for both compounds

Quantitation Method: Test Methodr  for Evaluation Solid Wastes, EPA SW846,  Rev. 0,
September 1994 Method 8330.

Lyle Laboratory Analyst

CFN:Lab\\ A:\O8617-ZS.MKC  (35chem  86) 3 of 3
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