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RESPONSE TO: 
Comments on the draft Interim Progress Report for the Pilot Scale Clean Soil Testing 

Naval Surface Warfare Center 

Commenter: Carol Witt-Smith, Region 5, U.S. EPA 

1. Page l-1, Section I. 1, Sentence 2 

Comment: Change “...for as long as 60 days.” to be the same as the text in 
the approved Ops Work Plan. 

w: Page l-1, Section 1 .l has been revised to include text as described 
in the Ops Plan. 

2. Page l-l, Section 1.2, Sentence 3 

Comment: Change “...obtaining the waste...” to “...obtaining concentrated 
waste...“. 

Response: “...obtaining the waste...” has been revised to “obtaining 
concentrated waste...“. 

3. Page 2-1, Section 2.2, Par. 2, Sentence 1 

Comma: Change “...oxygen readings...” to “...oxygen testing...“. 

Respom: This sentence has been moved to Page 3-3, Section 3.2, Para 1, 
third from last sentence and “...readings...” was revised to “...testing...“. 

4. Page 3-3, Section 3.2, Under Very Good 

Comment: Add language to explain that the temperatures were brought down 
by timely contingency actions so that the high consistent temperatures so not 
mean that the temperatures will be killing the bacteria. Otherwise the 
contradicts the work plan that states you should have a optimum maximum of 
60 degrees C. 

m: Additional text has been added to clarify Page 3-3, Section 3.2, Par. 
VG. 

5. Page 3-5, Section 3.3.7 

Comment: Move this line to the next page. 

1 



Response: Page 4-2, Mix 5 text has been revised to include comment, 

11. Page 4-2, Mix 7A 

Comment: Indent the word “in” 

Response: Paragraph indentation has been corrected 

Expand the context of spring months affecting ambient Comment: 
temperatures. 

Response: Text has been added for discussion of ambient temperatures 
effects. 

12. Page 4-2, Mix C 

Comment: Change this te;::. You are selecting manure types that are the same 
as the Umatilla Mix, but the ratios are different to make up for the loss of 
nutrients from alfalfa. And, the straw is meant to replace the alfalfa and 
sawdust bulking agents. Basically, the original Mix C performed well with 
chicken manure only. You are trying to see if adding cow manure would help in 
degradation. Mix 78 will show if the chicken does well on its own. 

Response: Text has been revised to provide additional details. 

13. Page 4-3, Table 4-2 

Comment: Modify the table to list the Mixes identified in this cover letter. 

m: Table 4-2 has been revised to reflect mixes as specified in cover 
letter. 

- 

Comment: SOUTHDIV and NSWC requested the addition of Mix 3 and Mix 7A 
due to cost reductions. 
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EXECUTIVE SUMMARY 

This Interim Progress Report has been prepared by Morrison Knudsen (MK) for the Naval Facilities 
Engineering Command (NAVFACENGCOM), Southern Division pursuant to the scope of work defined in 
Delivery Order #0009, under Contract #N62467-9301106. All remedial actions and interim measures 
taken at the Solid Waste Management Unit (SWMU) -33100. located south of the Burns City Gate, near the 
Naval Surface Warfare Center (NSWC Crane) Landfill. Crane, Indiana, were performed in response to the 
Resource Conservation and Recovery Act (RCRA) Part 6 Permit for NSWC Crane. 

This interim progress report summarizes the clean soil Pilot Scale Operation at the NSWC Crane 
Bioremediation Facility from June 28, 1997 through July 29, 1997. 

The primary objective of the clean soil pilot scale testing was to verify which recipes provide an optimum 
environment for aerobic growth and hence reach and maintain the proper temperature levels for 
explosives contaminated soil degradation. Based on the clean soil results, recipes will be selected, mixed 
with explosives contaminated soil and composted for 60 days. 

Based on previous explosives contaminated soil composting programs, bench scale testing, and Dewars 
Test results, eight recipes were selected for pilot scale clean soil testing. The pilot scale composting cf 
clean soil using the selected recipes was performed during the period of June 28, 1997 and July 29, 1997. 
Pilot scale composting was performed for 30 days in order to evaluate the process parameters: 
temperature, moisture, oxygen, pH, Total Organic Carbon (TOC), and Total Kjeldahl Nitrogen (TKN). 
Monitoring of each parameter was performed consistent with the approved Pilot Scale Operational Plan 
(PSOP) (MK, 1997a) and Quality Assurance Project Plan (QAPP) (MK, 1997b). 

Seven of the eight recipes were mixed and composted for 30 days. One recipe (Mix 1) was not performed 
due to difficulty in obtaining the required concentrated waste water treatment plant sludge. Five Mixes 
(35, 6, 78. and 7C) met or exceeded the temperature objective of maintaining 55°C for two weeks. 
However, Mixes 2 and 4 showed high moisture levels, through the first two weeks of composting, as well 
as low oxygenation ratings which may have limited microbial growth. 

An additional recipe was considered in the pilot scale clean soil testing was identified as Mix 7A which was 
used during the “Dry Run” testing in March and April of 1997. Mix 7A did not meet the temperature 
objective, but was tested during the period where ambient temperatures were as low as -3°C. 

There were significant moisture level fluctuations due to the high rate of evaporation during the dry 
summer period of operation. During the last two weeks of operation large quantities of water were added 
to bring the moisture levels to within the desired range. Operating procedure modifications have been 
instituted in order to prevent low moisture levels in future operations. 

Oxygen levels varied significantly and were measured at higher levels with two or more passes of the 
windrow machine during each turning event. All mixes showed improved oxygen levels with multiple 
passes. Mix 2 had the lowest oxygenation rating and was the most dense and difficult to mix recipe. 

Based on the clean soil test and the previous dry run test, the objectives of the pilot scale clean soil 
operation have been accomplished. Upon review of the test data, seven final recipes have been selected 
to be tested in the pilot scale contaminated soil operation. These recipes are Mixes 1, 3, 4, 5, 7A, 78, and 
8 (a new recipe which is Mix 7C altered for the addition of cow manure). 
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1.0 
INTRODUCTION 

The Naval Surface Warfare Center (NSWC) Crane, located in southwestern Indiana, provides support for 
equipment, shipboard weapons systems, and ordnance. In addition, NSWC supports the Crane Army 
Ammunition Activit) (CAAA) including producsn and renovation of conventional ammunition, storage, 
shipment, and demilitarization and disposal of conventional ammunition. 

The Department of Defense (DOD) has utilized bioremediation, or composting, to treat explosives 
contaminated soil since 1982 at a number of sites throughout the country. Bioremediation has proven to 
be successful in degrading explosive contaminants including trinitrotoluene (TNT), cyclonite (RDX), 
cyclotetramethylenetetranitramine (HMX), Tetryl. and nitrocellulose in soils and sludges at other sites. 
(Weston, 1993, U.S. EPA, 1993a, 1993b). Based on these previous successes, the preferred treatment 
alternative for explosive contaminated soils from the Ammunition Burning Ground (ABG). Rockeye. Mine 
Fill A, and Mine Fill B Solid Waste Management Units at NSWC Crane is on-site bioremediation. 
Bioremediation of contaminated soil is preferred due to its ability to treat material on-site with limited 
transportation, lower costs, and high treatment efficiency. 

A pilot demonstration test was pdrformed ic <valuate the effectiveness of various compost recipes suitable 
for degrading explosive contaminated soil and to provide operational and process information necessary 
to select the optimal recipes for the pilot scale contaminated soil tests. This pilot study represents one 
aspect of the overall pilot scale bioremediation testing program. Results of the study will provide the basis 
for contaminated soil pilot scale testing. This report details the results of the clean soil pilot scale 
operations performed at the NSWC Crane Bioremediation Facility from June 28, 1997 through July 29, 
1997 per the approved Pilot Scale Operational Plan (MK, 1997a) and Quality Assurance Project Plan (MK, 
1997b). 

1.1 OBJECTIVES 

The primary objective of the clean soil pilot scale testing was to determine which recipes provide an 
optimum environment for microorganism growth and degradation of explosives contaminated soil. Based 
on the clean soil results, recipes deemed conducive to support biodegradation will be selected, mixed with 
explosives contaminated soil and composted for 60 days. The total length of time for the pilot scale test 
clean sJil composting was 30 days and contaminated soil composting is anticipated to be 60 days. 
Should a contaminated soil pile reach all the performance goals prior to completing the 60 day period, that 
pile may be considered successful and the U.S. Navy, in coordination with the U.S. EPA, may decide to 
end the treatment process sooner for that particular successful pile. 

A secondary objective of the clean soil pilot scale testing was to verify field standard operating procedures 
and identify improvements in operations where necessary. Towards this objective, all operations, except 
for off-site analytical laboratory activities, were performed simulating explosives contaminated soil 
conditions. 

1.2 RECIPE SELECTION 

Based on previous explosives contaminated soil composting programs, bench scale testing, and Dewars 
Test results, eight recipes were selected and composting of clean soil was performed between June 28, 
1997 and July 29, 1997 as specified in the approved PSOP and QAPP. Seven of the eight recipes were 
generated and treated for 30 days. Recipe Mix 1 was not used due to difficulty in obtaining the required 
concentrated waste water treatment plant sludge. 
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In March of 1997, preliminary tests (“Dry Run” tests) were performed prior to the bioremediation facility 
construction completion. From the preliminary tests, a ninth recipe, identified as Mix 7A. has been 
selected for comparison purposes due to its low cost and desired temperature profiles. Mix 7A consisted 
of 3.2% chicken manure, 71.8% straw, and 25% clean soil. The data available from the preliminary tests 
is discussed in Section 3.0 of this report The Dry Run Test report is provided in Appendix A. The nine 
clean soil test recipes considered are listed in Table l-l. 

TABLE l-l 
PILOT SCALE CLEAN SOIL WINDROW RECIPES 

Amendment Mix 

POTW Sludge 25.00 

Cow Manure 

Vegetable Waste 10.75 10.75 15.00 10.00 

Straw 71.50 60.00 65.00 

Total 100 100 100 100 100 100 100 100 100 

Mix 7A was performed in March and April 1997. 
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2.0 
OPERATIONS AND MAINTENANCE 

2.1 WINDROW FORMATION 

In order to evaluate the recipes selected, seven windrows measuring approximately 18 feet wide, 25 feet 
long and 6 feet high were formed. The windrows varied in size due to the difference in amendment 
selection and densities between recipes. Mixes 2. 4. 7A and 78 were formed in building 3 while Mixes 3, 
5, and 6 were formed in building 2. Each windrow formation was performed as specified in the approved 
PSOP. Amendment mixing proceeded as specified using the front end loader and mixer/grinder unit; 
however, utilizing the weight system on the mixer/grinder unit as a method of measuring amendment 
quantities was found to be inappropriate. The wide variation in moisture content of the amendments 
introduces errors in the formation of recipes when weight is the unit of measurement. All recipes were 
measured on a volumetric basis with both weights and volumes being recorded on the Record of Recipe 
form. The completed Record of Recipe Forms are provided in Appendix B. Each windrow was mixed and 
formed with a minimum of two passes of the Scarab@ windrow turner. 

2.2 PROCESS MONITORING AND ADJUSTMENTS 

The PSOP. QAPP, Standard Operating Procedures (SOPS), and Site Safety and Health Plan (SSHP) 
were closely followed throughout the clean soil tests. Eased on initial operational experience and 
sampling results, operational and process adjustments were instituted to improve operation efficiencies 
and process results. 

Due to the consistency and texture of the mixes, the use of a push tube and split spoon for compost 
sample extraction was ineffective and a hand auger sampler was used. Additional process monitoring 
adjustments are described in Section 3.0. Field Clarification Requests (FCRs) have been issued for 
modifications and alterations to the PSOP, QAPP. SSHP, and the various SOPS. All FCRs will be 
resolved prior to beginning the contaminated soil operation. 

2.3 SAFETY AND HEALTH CONCERNS 

During initial clean soil start-up, Level C personnel protective equipment (PPE) was selected due to the 
nature of activities and potential contaminant levels Level C consisted of 16 inch high polyvinyl chloride 
(PVC) boots, dedicated coveralls, inner and outer nitrile gloves, standard Tyvek @I coveralls, goggles and 
a half-mask air purifying respirator (APR) with organic vapor/high efficiency particulate air (OWHEPA) 
cartridges. During amendment handling and mixing of compost piles, it was observed that excessive 
ammonia (NH,) odor was being generated by the chicken and turkey manure. 

Personnel air monitoring was performed for NH, and the test results indicated localized NH, 
concentrations as high as 200 parts per million (ppm) which was above the Permissible Exposure Limit 
(PEL) of 50 ppm. Respirator protection was upgraded to half-mask NHJHEPA cartridges, however, the 
NH,gas was causing excessive tearing of the eyes and the respirator protection was upgraded to full-face 
APR with NHJHEPA cartridges. 

After 3 to 5 days, NH, levels dropped below the PEL and then slowly dropped to I-10 ppm and non-detect 
by the end of the compost cycle (30days). PPE was downgraded to disposable dust masks when NH, 
levels were consistently recorded below the PEL. Disposable dust masks were selected because only 
nuisance particulate dust respiratory protection was necessary. This decision was supported by real time 
dust/aerosol monitoring which indicated maximum dust concentrations of 1.2 mglm3during windrow _ 
turning (worst case). Maximum dust/aerosol concentrations measured during screening was 

NSWC Crane 
SW&W-33/M). Bioremediation Facility Pilot Scale Clean Soil Testing 
Interim Progress Report 2-l 1 o/03/97 



approximately 1 mg/m3. The PEL for inert or nuisance dust (total dust) is 15 mg/m”. MK uses a 10 mglm3 
total dust occupational exposure limit based on guidance from the American Conference of Governmental 
industrial Hygienists (ACGIH). 

Total organic vapor concentrations obtained during composting using a direct reading photo-ionization 
detector (PID) instrument ranged from lo-15 ppm PI0 equivalents. Calorimetric indicator tube monitoring 
inside of the compost structure indicated no detectable levels of formaldehyde, benzene, acetone, 
petroleum distillates, toluene, dichloromethane. nitrogen dioxide, nitrous fumes, hydrogen sulfide, carbon 
monoxide, and vinyl chloride. Carbon dioxide levels were equivalent to normal atmospheric levels. 

In addition, a TMX-412 direct reading multi-gas meter was used to monitor atmospheric oxygen, carbon 
monoxide, hydrogen sulfide, and methane. Oxygen levels remained in normal range and no detectable 
levels of hydrogen sulfide, carbon monoxide, and methane were obtained using this instrument. 

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. 

Bioaerosol sampling was performed on the first three days into the compost cycle. Samples were 
obtained for total bacteria and total fungi (molds and yeast) both inside of the compost structure and 
outside (representing background). Preselected bacteria culture plates were subcultured for E.coli. None 
was detected. Fungi (molds and yeast) culture plates were checked for Asperg;/& fumagatus. none was 
detected. The predominant species detected in all air sample plates, both bacteria sample plates and 
fungi (molds and yeast) sample plates were Penicillium, Alfemaria, and Cladosporium. These species are 
molds normally found in the atmosphere. For the median concentrations obtained, there was no indication 
of a potential health threat to workers from bioaerosols. The bioaerosol sampling campaign will also be 
conducted during the contaminated soil operation. A detailed bioaerosol sampling report will be provided 
at the completion of the pilot scale operations. 

Initial physiological monitoring for heat stress indicated a week to 10 days was necessary for worker 
acclimatization. In addition, certain personnel responded differently to the same heat loading. Prior to 
PPE downgrades, significant heat stress was indicated by worker pulse rate, core temperature and 
various heat disorder physiological symptoms. After PPE downgrades, mrnimal heat stress was indicated. 
However, in addition to PPE downgrades, ice vest use was mandatory when ambient temperature were 
above 90°F or when excessive work load was anticipated. 

Based on initial operating experiences and monitoring results PPE downgrades were instituted. This 
helped to minimize heat stress conditions incurred by workers on selected tasks. Ammonia off-gas was 
observed to be the predominant airborne chemical hazard due to the recipes including significant ratios of 
chicken/turkey manure to other amendments. The ammonia off-gas necessitated the respiratory 
protection upgrade during initial pile formation and composting. 

NSWC Crane 
SWMU-33100. Sioremediation Facility Pilot Scale Clean Soil Testing 
Interim Progress Report 2-2 1 o/03/97 



3.0 
DATA REVIEW AND ANALYSIS 

Previous composting experience and research has shown that the process parameters essential to 
successful biodegradation of the explosive contaminants are temperature, moisture, oxygen, pH, and 
carbon to nitrogen ratio (C:N). These parameters were measured and monitored as described in the 
approved PSOP and QAPP. In addition, the recipe texture was monitored due to its influence on the 
process parameters and for aiding the review of the parameter monitoring results. All in-situ 
measurements (i.e., temperature, oxygen level) were taken prior to removing sample material for other 
measurements or analyses so as not to disturb the compost pile and potentially bias the in-situ 
measurement. Adjustments to the process for temperature, oxygen, and moisture were performed 
depending on the monitored results. The ad@tments were made based on predetermined contingency 
process methods discussed in Section 8.0 of the PSOP. 

3.1 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 ma. \’ ’ ? (00 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. In order to provide comparison between recipes, 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 very 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 fines or significant 
clumping with noticeable moisture differences (spots of wet and dry areas). Sample collection 
may become more difficult. 

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

3.2.1 Mix 2 Texture 

The results of the initial Mix 2 mixing of amendments yielded a very moist clumpy non-homogeneous 
product. The amendments were discharged from the grinder/mixer in 10 inch diameter and larger size 
lumps due to its very dense, sticky and difficult to handle characteristics. Ammonia vapors were present 
in excess of 100 ppm in the immediate area of the windrow causing impacts to health and safety. As soil 
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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 segreyation was evident. 
Below the surface, the soil and chicken manure mix appeared very fine and varied from dry to moist. 
Based on these observations, the overall texture rating of Mix 2 is A. 

3.1.2 Mix 3 Texture 

The results of 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 tine and slightly moist. Based on these observations, the overall 
texture rating of Mix 3 is G. 

3.1.3 Mix 4 Texture 

The results of the initial mixing of amendments yielded a well mixed, moist product. The material 
appeared to be homogeneous and fluffy 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. Based on tt*cs:e observatinns. the overall texture rating of Mix 4 is VG. 

3.1.4 Mix 5 Texture 

The results of 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. Based on these observations, the 
overall texture rating of Mix 5 is VG. 

3.1.5 Mix 6 Texture 

The results of 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. Based on these observations, the overall texture rating of Mix 6 is VG. 

3.1.6 Mix 7A Texture 

Mix 7A texture data was not available from the “Dry Run” report performed in April 1997, however, based 
on the recipe being similar to Mix 78, the overall texture rating of Mix 7A is estimated to be VG. 

3.1.7 Mix 78 Texture 

The results of the initial mixing of amendments yielded a well mixed, extremely fluffy, and slightly dry 
product. The material appeared to be homogeneous. Odor of ammonia was evident but not severe. As 
soil was added the mix appearance remained homogeneous. The mix was very difficult to sample and 
probe during the middle stages of composting. 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. Based on these observations, the overall texture rating of Mix 78 is VG. 
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3.1.8 Mix 7C Texture 

The results of the initial mixing of amendments yielded a well mixed, extremely fluffy, and slightly dry 
product. The material appeared to be homogeneous. Odor of ammonia was evident but not severe. As 
soil was added appearance remained homogeneous. Very difficult to sample and probe during middle 
stages of composting. At day 25, the mix was moist, and remained homogeneous. Sampling and probing 
improved with additional passes of windrow. Based on these observations, the overall texture rating of 
Mix 7C is VG. 

Based upon the results of texture observations, Mixes 3. 4, 5, 6, 7A, 78 and 7C would appear to be more 
conducive to maintaining optimum bulking and aeration for enhancing biodegradation. 

3.2 TEMPERATURE 

Temperature is one of the most important monitoring parameters since it is a primary indicator of 
successful achievement of conventional thermophilic composting operations in the windrows. The normal 
thermal operating range for composting is from 25 to 65°C. Results of successful composting of 
explosives contaminated soil testing indicates the average pile temperature rises to 25 to 40-C within the 
first few days of formation, com,:ues rising *? within the temperature range of 40 to 65°C. and maintains 
that temperature range for at least two weeks provided adequate moisture. nutrients, and oxygen are 
available. Based on conventional composting practice, such temperatures indicate a healthy. 
metabolically actiie windrow. 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 event, however, Mixes 4, 78, 7C. and 5 were generated late on day 0 and did not receive 
post turn temperature and oxygen testing until the following day. Temperature profiles provided in 
Appendix C show the monitoring results of the average pre- and post-turn measurements. The graphs 
have been annotated with process adjustments which may cause a fluctuation in temperatures such as 
water addition and number of windrow machine passes per turning event. 

In order to provide comparison between recipes, the following categories of temperature will be used to 
classify and grade each mix at the initiation, mid-cycle, and end of cycle conditions. 

. VG 
The mixture exhibits a rapid temperature increase to 40°C within two days. Temperatures 
continue to rise above 55% and maintain for approximately two 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 five days. Temperatures continue to rise 
to 55”C, are maintained for two weeks, and may exceed 60°C occasionally. 

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

. P 
The mixture does not exhibit temperatures of 50°C within ten days. Temperatures do not rise to 
55°C and are not maintained. 
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32.1 Mix 2 Temperature 

The initial average pm-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% The 
remaining average temperatures fluctuated between 45°C and 50°C. Based on the average pre-turn 
temperature profiles, the overall temperature rating of Mix 2 is A. 

3.2.2 Mix 3 Temperature 

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°C within 3 days and 
maintained 55°C or higher for 14 days with periods occasionally dropping to 51 “C as moisture content 
was low. The maximum average pre-turn temperature was 61.88”C. Based on the average pre-turn 
temperature profiles. the overall temperature rating of Mix 3 is G. 

3.2.3 Mix 4 Temperature 

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

3.2.4 Mix 5 Temperature 

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. Based on the average pre-turn temperature profiles. the overall 
temperature rating of Mix 5 is G. 

3.2.5 Mix 6 Temperature 

The initial average pre-turn temperatures of Mix 6 increased to above 40°C during the first two 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. Based on the average pre-turn temperature profiles, the 
overall temperature rating of Mix 6 is G. 

3.2.6 Mix 7A Temperature (from “Dly Run” tests) 

This information was extracted from the “Dry Run Tests” performed in March and April of 1997. Ambient 
temperatures ranged from -3 to 22% with the lowest temperatures experienced 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 
composting. Average pre-turn temperatures continued to increase, however never reached 55°C. The 
maximum average pre-turn temperature was 54°C. Based on the average pre-turn temperature profiles. 
the overall temperature rating of Mix 7A is P, however, this temperature profile may be bias due to the 
colder ambient temperatures. 

3.2.7 Mix 78 Temperature 

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 two days and 
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maintained 55°C or higher for 16 days with three drops below 55°C when water was added. Repeatedly 
reached temperatures above 60°C. The maximum average pm-turn temperature was 66.92”C. Based 
on the average pre-turn temperature profiles, the overall temperature rating of Mix 78 is VG. 

3.2.8 Mix 7C Temperature 

The initial average pre-turn temperatures of Mix 7C Increased to above 40°C during the first two days of 
formation. Average pre-turn temperatures continued to increase above 55°C within 4 days and 
maintained 55°C for more than 20 days except when water was added. Repeatedly reached 
temperatures above 60°C. The maximum average pre-turn temperature was 65.42”C. Based on the 
average pre-turn temperature profiles, the overall temperature rating of Mix 7C is VG. 

Based upon the results of temperature monitoring, Mixes 3, 4, 5, 6, 7B and 7C would 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 due to the colder ambient temperatures. 

3.3 MOISTURE CAPACITY 

Previous biodegradation studies performed indicated that erfective microbial biodegradation occurred 
when the composting moisture content is 40 to 60% of the maximum water holding capacity (WHC) with 
the optimum condition being at 50 % WHC. If moisture levels are excessively lower or higher than this 
range, proper cornposting and explosives degradation may be impacted. Reduced moisture content will 
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 aerobic 
microbial growth. At no time during the process was leachate observed from any of the mixes. Moisture 
level monitoring was performed three times per week. If moisture was added to the windrows, moisture 
levels were checked again after windrow turning. The average WHC data and graphs for each mixture is 
provided in Appendix D. 

Due to high levels of evaporation during the composting cycle and a procedure restriction of 100 gallons 
water addition per day, the mixtures began to drop in moisture content. The surface of the piles became 
dusty during high wind periods. With NSWC Crane’s Environmental Protection Department (EPD) 
concurrence, as much as 300 gallons per day were added to two piles in order to obtain the appropriate 
moisture levels. The moisture content of all Mixes was brought up to and maintained at approximately 
50% maximum WHC. No further dust was evident through the remaining test period. 

The percent of maximum WHC is the amount of water (in grams) retained in the mix sample compared to 
the maximum amount of water (in grams) retained in the mix sample without ponding or running 
(saturation). This measurement is independent of the type of amendments and proportions used within 
the mix and therefore, is not a good tool for comparing the moisture capacity of one mix to another due to 
the variation in materials and proportions. In order to provide a comparison between recipes, the Percent 
Moisture at Saturation (PMS) was used for comparing the various mixes as each mix retains a different 
moisture holding capacity which may change throughout the degradation process. The PMS is the ratio of 
the maximum amount of water (in grams) which can be retained in the mix sample without ponding 
(saturation) compared to the total weight of the mix sample at saturation. Those recipes with the higher 
PMS values are more desirable than those with lower values. 

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

NSWC Crane 
SWMU-33/90. Bioremediation Facility Pilot Scale Clean Scil Testing 
Interim Progress Report 3-5 



. VG - 

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

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

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

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

3.3.1 Mix 2 Moisture 

550 gallons of water were required to be added to Mix 2 throughout the 30 day cycle in order to maintain 
optimum WHC conditions. The agerage PMS for Mix 2 throughout its cycle is slightly above 40% and 
therefore is rated A. 

3.3.2 Mix 3 Moisture 

900 gallons of water were required to be added to Mix 3 throughout the 30 day cycle in order to maintain 
optimum WHC conditions. The average PMS for Mix 3 throughout its cycle is slightly above 45% and 
therefore is rated G. 

3.3.3 Mix 4 Moisture 

400 gallons of water were required to be added to Mix 4 throughout the 30 day cycle in order to maintain 
optimum WHC conditions. The average PMS for Mix 4 throughout its cycle is slightly above 47% and 
therefore is rated G. 

3.3.4 Mix 5 Moisture 

1,000 gallons of water were required to be added to Mix 5 throughout the 30 day cycle in order to maintain 
optimum WC conditions. The average PMS for Mix 5 throughout its cycle is slightly above 47% and 
therefore is rated G. 

3.3.5 Mix 6 Moisture 

750 gallons of water were required to be added to Mix 6 throughout the 30 day cycle in order to maintain 
optimum WHC conditions. The average PMS for Mix 6 throughout its cycle is slightly above 45% and 
therefore is rated G. 

3.3.6 Mix 7A Moisture 

530 gallons of-water were added to Mix 7A throughout the Dry Run test cycle (33 days). The average 
PMS for Mix 7A is not available, however due to its similarity to Mix 78, the average PMS is assumed to 
be similarly rated VG. 

-. 
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3.3.7 Mix 70 Moisture 

Mid way through the composting cycle (July 11. 1997) Mix 78 became extremely difficult to sample and 
probe with the instruments due to low moisture content 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. 1,000 gallons of water were required to be added to Mix 78 throughout the 30 day cycle in 
order to maintain optimum WHC conditions. The average PMS for Mix 76 throughout its cycle is slightly 
above 56% and therefore is rated VG. 

3.3.8 Mix 7C Moisture 

700 gallons of water were required to be added to Mix 7C throughout the 30 day cycle in order to maintain 
optimum WHC conditions. The average PMS for Mix 7C throughout its cycle is slightly above 45% and 
therefore is rated G. 

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

3.4 OXYGENATION 

Typical compost oxygen levels for rapid degradation are greater than 5%; however, the preferred level is 
much greater than 5%. The desired operating range for aerobic activity is 5 to 20% oxygen content. If 
sufficient oxygen levels are not maintained, proper microbial degradation may not occur, and thermophilic 
temperatures would not be maintained. Oxygen levels decline rapidly to very low levels (less than 5%) in 
a short time after mixing. Oxygen levels of less than 1% indicate the process may approach anaerobic 
conditions, and aeration is required. Prior to July 12. 1997 (days 14 and 15) all post-turn oxygen and 
temperatures were monitored no less than one hour after turning as specified in the approved SOP. In 
order to obtain a more accurate indication of post-turn oxygen content, with U.S. Navy approval, the 
procedure was changed to perform oxygen monitoring as soon as practical after turning. Therefore, 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. 

In order to provide comparison between recipes, the following categories of oxygenation will be used to 
classify and grade each mix at the initiation, mid-cycle, and end of cycle conditions. Oxygenation is 
affected by the density and bulking characteristics of the mix. The more dense the mix becomes the less 
oxygen is available for microorganism growth. 

. VG 
The mixture exhibits an excellent oxygenation level. Levels of oxygen greater than 12% 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% 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% 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% after three passes. 

34.1 Mix 2 Oxygenation 

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

3.4.2 Mix 3 Oxygenation 

The average post turn oxygen levels were re,: Jrded from .1.88 to 14% with two passes of the windrow 
turner and between 7 and 11% with three passes. The Oxygenation rating of Mix 3 is G. 

X4.3 Mix 4 Oxygenation 

The average post turn oxygen levels were recorded at less than 4% with two passes of the windrow turner 
and greater than 10% with three passes. The Oxygenation rating of Mix 4 is A. 

3.4.4 Mix 5 Oxygenation 

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

3.4.5 Mix 6 Oxygenation 

The average post turn oxygen levels were recorded at less than 3% with two passes of the windrow turner 
and between 5 and 10% with three passes. The Oxygenaiion rating of Mix 6 is A. 

3.4.6 Mix 7A Oxygenation 

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% and as high as 18 % during the periods 
measured. The number of windrow turner passes was not recorded. The Oxygenation rating of Mix 7A is 
estimated to be very similar to mix 7B and therefore is VG. 

3.4.7 Mix 7B Oxygenation 

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

3.4.7 Mix 7C Oxygenation 

The average post turn oxygen levels were recorded between 6 and 11% with two passes of the windrow 
turner and between 3 and 11% with three passes. The Oxygenation rating of Mix 7C is G. 

Based upon the results, Mixes 3. 7A, 78, and 7C would 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 which may cause a fluctuation in oxygen content such as ~. 
number of windrow machine passes per turning event. 
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3.5 ECONOMICS AND AVAILABILITY 

The benefit of economics cannot be realized without considering the recipe’s effectiveness at remediating 
the contaminated soil. The cost and availability rating may be misleading without knowing the explosives 
recipe degradation rates and effectiveness. A higher cost recipe may degrade explosives much quicker 
than a lower cost recipe thus, reducing operational time and overall costs. The economics of each recipe 
will be considered during the selection of the full scale recioe at the end of the contaminated soil pilot 
scale tests. The following economic and availability information is provided for information. 

MIX 

2 

TABLE 3-l 
MIX ECONOMICS AND 4VAILABILITY 

f PER TON’ AVAILABILITY 

$14.82 readily available 

II 3 I $16.60 I usually available II 
4 $24.49 

5 $22.36 

6 $25.54 

usually available 

usually available 

usually available 

11 7A 1 $7.17 I readily available II 
78 $8.94 readily available 

7c $16.78 readily available 

* All costs are based on actual delivered rates and known rate increases at the time of this report. 

3.6 pH LEVEL MONITORING 

It was anticipated, based on experience at Umatilla Depot Activity (UMDA), Waterways Experiment 
Station (WES). and conventional composting practices that the pH operating range is between 5.5 and 
9.0. The pH would steadily increase from near neutral to a level as high as 6.8 within weeks of operation 
and then decrease to a level between 7 and 8. Levels of pH were not adjusted during treatment. Acidic 
pH values below 5.5 would have been alleviated by the aeration and increased oxygenation to avoid 
anaerobic conditions and acid formation. Reintroduction or alterations of amendments for the purpose of 
pti adjustment was not performed. 

Samples for pH level monitoring were collected at location #I for each of the four cross-sections, once per 
week, prior to turning, as described in the approved PSOP. Samples from Mixes 4. 5. and 6 resulted in a 
pH less than 7 within the first week of pile formation and steadily increased to as high as 8.69 pH. These 
three mixes contained more than 10% by volume potato waste amendment which was observed to give 
off a slight vinegar odor upon delivery. This may account for the slightly acidic condition at initial 
formation. Samples from the remaining mixes resulted in pHs from 7.43 up to 8.88. All pH samples were 
within the operating range specified in the approved PSOP. Results of the pH sampling are provided in 
Appendix F. 
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3.7 TOWTKN LEVEL MONITORING -, 

Carbon and nitrogen are the primary nutrient sources for microbial growth. Data has shown that typical 
composting operations for municipal and yard wastes are highly efficient when the C:N ratio is near or at 
the optimum 3O:l proportions. Total organic carbon (TOC) and total Kjeldahl nitrogen (TKN) levels were 
monitored for the purpose of tracking the C:N ratio during the composting process. The C:N ratio was not 
intended to be adj’rsted. Reintroduction or i terations of amendments for the purpose of TOC or TKN 
adjustment were not performed. Average C:N ratios are listed below and results of the TOC and TKN 
sampling are provided in Appendix G. 

3.7.1 Mix 2 C:N 

The initial average C:N was 6.5 which indicates high nitrogen content due to the high percentage of 
chicken manure and resulted ammonia vapors as high as 100 ppm to emit during the early stages of 
formation and composting. Ammonia vapors as high as 200 ppm were recorded at the chicken manure 
storage area. The C:N decreased slightly to 6.0 on day 10. decreased to 3.5 on day 20, and increased to 
8.4 by day 30. 

3.7.2 Mix 3 C:N 

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

3.7.3 Mix 4 C:N 

The initial average C:N was 27.9 which indicates very good proportions of amendments which approaches 
the 3O:l optimum condition. The C:N decreased to 14.7 on day 10, 13.0 on day 20, and increased slightly 
to 16.4 by day 30. 

3.7.4 Mix 5 C:N 

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

3.7.5 Mix 6 C:N 

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

3.7.6 Mix 7A C:N 

The initial average C:N was 71 which indicates low nitrogen content due to the low percentage of chicken 
manure. The C:N decreased to 31 on day 7. decreased to 16 on day 20, and remained constant at 16 to 
day 30. 

3.7.7 Mix 78 C:N 

The initial average C:N was 8.2 which indicates high nitrogen content due to the high percentage of 
chicken manure. The C:N increased to 9.7 on day IO. decreased to 7.9 on day 20. and increased slightly 
to IO by day 30. 
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- 3.7.8 Mix 7C C:N 

The initial average C:N was 11 which indicates high nitrogen content due to the high percentage of 
chicken manure. The C:N decreased to 8.0 on day 10. decreased to 7.3 on day 20, and increased slightly 
to 8.9 by day 30. 

3.8 AMBIENT TEMPERATURE AND HUMIDITY MONITORING 

The ambient temperature and relative humidity were monitored daily as described in the approved PSOP. 
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 provided 
in Appendix H. 
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4.0 
CONCLUSIONS AND RECOMMENDATIONS 

For summarizing the recipe performance ratings, the ratings were assigned a value based on 1 being the 
most desirable or \:?ry Good and 4 being mo t undesirable or Poor. Each criteria has been assigned a 
weighting based on the level of criticality each particular criteria is to the composting activity, i.e., 
temperature being the most important indicator of biological activity, moisture being second, and texture 
and oxygen being third. The various categories are totaled for each recipe. The Table 4-l lists the 
recipes, the criteria and its weighting, and the total weighted rating (the lower total rating being the most 
desirable and the highest total rating being the most undesirable). 

Mix 2 Mix 2 presents the most undesirable recipe of those 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 has been deleted from contaminated soil testing. 

Mix 3 Mix 3 exhibited good texture, temperature, moisture, and oxygenation characteristics. however, 
slight segregation of w- .;d chips d; occur and the remaining material was very fine. In addition, 
since the wood chips do not represent a readily available carbon source, the carbon to nitrogen 
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 nine continuous days and 13 total days. Mix 3 has been selected to be included in the 
contaminated soil testing. 

Mix 4 Mix 4 has the second most undesirable overall rating, however, it exhibited very good texture and 
homogeneity characteristics and good moisture holding qualities. Mix 4 has also been proven to 
be effective at explosives degradation in other facilities full scale operations. Mix 4 has been 
selected to be included in the contaminated soil testing. 

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 identical to Mix 6, both 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 has been selected to be included in the 
contaminated soil testing. 

Mix 6 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 has been deleted from contaminated soil testing. 

Mix 7A Mix 7A data was diffrcult to compare to the pilot scale clean soil test data due to the performance 
in the early spring months and different monitoring frequencies. 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 at different stages of the compost cycle were reported, 
however, moisture was presented in percent moisture vs 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 however, the lower ambient temperatures may have kept the temperature profile at a lower 
range. Mix 7A’s texture and percent moisture at saturation data was not recorded, however, since 
the recipe is very similar to Mix 78 but with less chicken manure, the texture and moisture ratfhgs 
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can be assumed to be similar. Based on lowest cost and an estimated rating of the third most 
desirable, Mix 7A has been selected to be included in the contaminated soil testing. 

Mix 78 Mixes 78 and 7C were the highest performers exhibiting very good temperature, texture and 
homogeneity characteristics. Mix 78 was the more suitable recipe and out performed Mix 7C in 
the moisture, oxygenation, and economic ratings. Mix 7B has been selected to be included in the 
contaminated soil testing. 

Mix 7C Mix 7C was rated the second most desirable recipe tested. Since Mix 7C is identical to Mix 78 
except adjusted for the addition of the vegetable waste, Mix 7C is recommended to be modified 
and included in the contaminated soil testing as Mix 8. Mix 8 adds 10% cow manure (considered 
to be a key ingredient in degradation of explosives contaminated soil), has volume adjustments of 
3% less chicken manure and 7% !ess straw, and has the same volume of potato waste and soil as 
7C. Mix 8 utilizes the same amendments in different proportions as does Mix 4 except for 
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 8 has been selected to be 
included in the contaminated soil testing. 

TABLE 4-l 
SUMMARY OF MIX RATINGS 

Cateaorv Texture Temp. Moisture Oxvoenation Total _ ._ 

Mix 
Rating 

112 3 3 3 3 12 

11 3 1 2 1 2 1 2 1 2 1 8 

-. 

Based on agreement between the U.S. Navy and U.S. EPA, the recipes listed in Table 4-2 have been 
selected for pilot scale testing of contaminated soil. 

- 
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can be assumed to be similar. Based on lowest cost and an estimated rating of the third most 
desirable, Mix 7A has been selected to be included in the contaminated soil testing. 

Mix 78 Mixes 78 and 7C were the highest performers exhibiting very good temperature, texture and 
homogeneity characteristics. Mix 78 was the more suitable recipe and out performed Mix 7C in 
the moisture, oxygenation, and economic ratings. Mix 7B has been selected to be included in the 
contaminated soil testing. 

Mix 7C Mix 7C was rated the second most desirable recipe tested. Since Mix 7C is identical to Mix 78 
except adjusted for the addition of the vegetable waste, Mix 7C is recommended to be modified 
and included in the contaminated soil testing as Mix 8. Mix 8 adds 10% cow manure (considered 
to be a key ingredient in degradation of explosives contaminated soil), has volume adjustments of 
3% less chicken manure and 7% less straw, and has the same volume of potato waste and soil as 
7C. Mix 8 utilizes the same amendments in different proportions as does Mix 4 except for 
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 8 has been selected to be 
included in the contaminated soil testing 

TABLE 4-I 
SUMMARY OF MIX RATINGS 

Category Texture Temp. Moisture Oxygenation Total 

Mix 
Rating 

2 3 3 3 3 12 

3 2 2 2 2 8 

4 1 3 2 3 9 

6 1 2 2 3 8 

7A 1 4 1 1 7 

78 III1 II II I4 

Based on agreement between the U.S. Navy and U.S. EPA, the recipes listed in Table 4-2 have been 
selected for pilot scale testing of contaminated soil. 

NSWC Crane 
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TABLE 4-2 
RECOMMENDED PILOT SCALE CONTAMINATED SOIL WINDROW RECIPES 

POTW Sludge 

Alfalfa 

Sawdust 

Wood Chips 

Soil 

Turkey Manure 

Chicken Manure 

Cow Manure 

Vegatable Waste 

Straw 

Total - 

113 
25.00 

25.00 25.00 

12.50 

12.50 25.00 

25.00 25.00 

25.00 

100 100 i - 

4 5 7A 78 8 

25.00 25.00 25.00 25.00 25.00 

25.75 I 

3.25 1 1 3.50 1 15.00 1 7.00 11 

22.50 / I 10.00 II 

10.75 10.75 10.00 

71.50 60.00 48.00 

100 100 100 100 100 

NSWC Crane 
SWMU-33100, Bioremediation Facility Pilot Scale Clean Soil Testing 
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- 
NSWC CRANE 
BIOFACILITY 

SUMMARY REPORT 
DRY RUN 

On Februaq 26, 1997 Morrison Knudsen (MK) began the Dv Run operation with Mixes 3 and 
4, IMix 3 consisred of cow manure, corn stalks, and clean soil. .Mix 4 consisted of chicken 
manure, corn stalks. and clean soil. The moisture content of these two mixes were kept as close 
as possible to the 40% that is common in cornposting literature. However with the addition of 
the soil to the mixes this moisture content caused Mixes 3 and 4 to become saturated reducing 
the pore space and not allowing the mixes to heat up. On March 3, 1997 Mixes 3 and 4 were 
removed from the biofaciliry. 

On February 23, 1997 Mix 6, containing straw, alfalfa, cow manure, and clean soil, was started. 
This mix responded well in initial heating. The mix was turned one or more times daily to 
maintain pore space. Water in the amount of 150-200 gallons was added to the mix of March 5, 
6, and 7. The average temperature for the mix remained greater than 100 F until March 7 then it 
began to slowly cool until the mix was disposed of on March 10 at which time the temperature 
was 80 F. 

On March 4, 1997 Mix 8, containing chicken manure, corn stalks, alfalfa, cow manure, wood 
chips, and clean soil, was started. This mix began with temperatures in the 50-60 F range and 
climbed to the mid 80’s during the middle of the test before dropping back to the 70’s during the 
last two days of the test. Moisture in the amount of 150 to 200 &Ions of water was added to the 
mix on March 6 and 7. The mix was disposed of on March IO. 

On March 9. 1997 Mix I, containing straw, cow manure, and clean soil, was started. The mix 
had good initial heating. Water was added to the mix on four consecutive days after the first day 
and then qain on day seven. During this period the average temperature of the mix began to fall 
and it appeared to be much more dense. We did not add water for the remainder of the mix life 
and the temperatures began to recover and hold in the 70’s and 80’s. The appearance of the mix 
began to loosen and look more like the other piles. Also, during the last five days of the run we 
did not turn the pile to see if the heating would continue. We found that the heat remained 
relatively constant but the pile began to settle reducing the pore space. 

On March 14, 1997 Mix 2, containing straw, chicken manure, and clean soil, was started. Water 
was added on days 5,6, and 13. The temperature average for this mix remained in the 100’s 
since day 9. During the last five days of the run when we did not turn the piles the mix 
maintained good heat and did not compact dramatically. 

On March 18, 1997 Mix 7, containing straw, alfalfa, cow manure, wood chips, and clean soil, 
was started. Water was added on day l,3, 5, 6, 13, and 16. The mix had good initial heating and 
during the middle of the run temperatures were in the 100’s. During the five day period at the 

‘- end of the run when the piles were not turned the temperatures fell into the 80’s and the pile 
became more dense. 



Attached to this summary are the follo\vin: yaphs and tables: 

DRY RUN MIX RECIPES 
DRY RUN PIGTURN TEMPERATUP i S 
DRY RUN C:N RATIOS 
DRY TEMPERATURE AND MOISTURE 
DRY RUN OXYGEN AND pH 

- 

-.. 



NSWC CRANE 
DRY RUN MIX RECIPES 

(Mix #4) I Date 2125197 Time 1900 
Ingredient IEstimated Qty~ (CY)(Estimated Qty. (Ibs.)/Actual Qty. (Ibs.) 

, I / 

straw 0 0 
Chicken Manure 1 1450 4590 
Corn Stalks 49 !%OO 9550 
Alfalfa 0 0 
Cow Manure n II 

I 
Soil 16.6 50000 48900 

I I I I 
I I I 

Batch Total I 66.6 61250 63040 

Soil 16.6 50000 50000 

Batch Total 66.6 74700 74740 

(Mix #6) I Date 2127197 Time 1800 
Ingredient IEstimated Qty (CY)(Estimated Qty. (Ibs.)lActual Qty. (Ibs.) 

I I I 

DRRECIPE.XLS 
Mix Recipe 
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NSWC CRANE 
DRY RUN MIX RECIPES 

(Mix #2) I Date 3/14/97 Time 1630 
Ingredient IEstimated Qty (CY)IEstimated Qty. (Ibs.)(Actual Qty. (Ibs.) 

I I I 
I I I 

straw 48 9600 10330 Chicken Manure i 2 I 2900 I 3310 II 
Lorn 
Alfd 
:ow Manure 
Nnn,-~ Chips 

50 12500 13640 

IISoil 
I I I 

16~6 44820 42400 I 

I I I 
Batch Total 66.6 I 57320 56040 

DRRECIPE.XLS 
Mix Recipe 
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NSWC CRANE 
DRY RUN MIX RECIPES 

I Datl e 3117197 Time 173( 1 
IEstimated Qty. (CY)(Estimated Qty. (Ibs.)lActual Qty (Ibs.) 

---I 

(Mix #7) 
Ingredient 

I I I 
straw 32 6400 6700 I 
Chicken Manure 

b 

Corn Stalks 
Alfalfa 
Cow Manure 
Wood Chips 
Amendment Totals 

5 2000 2150 
0 11400 11380 
5 2650 2660 

50 22450 20230 

Soil i6.6 44820 42400 

Batch Total 66.6 67270 62630 

DRRECIPEXLS 
Mix Recipe 
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NSWC CRe. _ 

DRY RUN C:N RATIOS 

Ir-- MIX 
DAY 1 2 3 7 

0 20 15 I 86 71 
7 23 19 25 31 
14 25 16 15 16 
21 25 15 21 iI3 
26 24 16 1 16 
35 22 

25 25 

DRC-N.XLS 
Data 1 
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NSWC CRANE 
DRY RUN C:N RATIOS 

MIX 1 

’ ’ Section Section 11.2 11.2 3 3 Avg. Avg. 
A A 28 I 2: 28 I 2: I I 28 28 26 26 

I I ; ; ;; / ; ;; / ; / / ;; ;; .22 .22 
,> ,> 

D D 18 1 2c 18 1 2c 2; 2; 20 20 

Avg. Avg. 21 ir 21 ir 25 25 20 20 

DAY 7 
CRAIBDR 107 3/16/97 COC 4 

OOSS Sample Location 
SeCtiOn 1 2 3 Avg. 

A 27 27 21 25 
B 25 19 19 
C 30 23 1 :; 24 
D 26 27 13 22 

Avg. 27 24 17 23 

DAY 14 
CRA/BDR 114 3/23/97 COC 8 

yf$yjA~ 

Avg. 25 25 25 25 

DAY 21 
CRA/BDR 121 3/30/97 cot 12 

II Cross Sample Location 
Section 1 2 3 Avg. 

A 23 19 23 22 
6 27 24 22 24 
C 25 32 25 27 
D 25 28 28 27 

Avg. 25 25 25 25 

DRMIXl.XLS 
C-N Ratio Page 1 

CRA = crane 
BDR #M = E&facility Dry Run, Mix *, Day H 

Date Sampled 
COC = Chain ofCustody# 



NSWC CRANE 
DRY RUN C:N RATIOS 

MIX 1 - 

DAY 28 
C.RA/RDR 12X 4/6/9i cot 16 

Avg. 24 23 24 24 

DAY 35 
CRABDR 135 4/l 3/97 cot 20 

cross 1 Sample Location 
Avg 

21 
2i 
25 
21 

- 

Avg. 21 22 23 22 

DAY /AVG RATIO 
1 j 20 
7 

14 

21 
28 
35 

23 
25 
25 
24 
22 

MIX 1 C:N RATIO 

DRMIXl.XLS 
C-N Ratio Page 2 

CRA = crane 
BDR ?H = Biofacility Dry Run, Mix #, DaY @ 

Date Sampled 
CDC = chain of Custody # 
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DAY 0 

NSWC CRANE 
DRY RUN C:N RATIOS 

MIX 2 

CRA/EnR 200 3/15/!37 cot 3 

/ cross / Sample Location II 
SeCtiOn 1 2 3 Avg. 

Al li I 7 I 5 I E 
B 9 i3i3 5 

c 7 23 34 21 
D 30 25 17 7^ 

Avg. 14 15 15 15 

DAY 7 
CRA/BDR 207 3/22/97 cot 7 

cross Sample Location 
Section 1 2 3 Avg. 

A 17 18 2F 19 
B 18 15 23 19 
C 14 9 20 14 
D 22 19 26 22 

Avg. 18 15 24 19 

DAY 14 
CRAIBDR 214 3129197 cot II 

yfff$%A; 

Avg. 19 18 17 18 

DAY 21 
CRAIBDR 221 4/5/97 cot 15 

Cross Sample Location 
Section 1 2 3 Avg. 

A 13 15 14 14 
a 16 13 15 15 
C 15 16 14 15 
D 20 14 16 17 

Avg. 16 15 15 15 

DRMIXTXLS 
C-N Ratio Page 1 

BDR %-GM = Biofacility Dry Run, Mix g, Day H 
Date Sampled 

COC = Chain of Custody # 
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NSWC CRANE 
DRY RUN C:N RATIOS 

MIX 2 

DAY 28 
CRAIBDR 228 CRAIBDR 228 4/12/97 4/12/97 cnc: 19 cot 19 

Sample 13~ Sample Locaiion 

C 18 j 22 
D ii 11 / 13 :2 

Avg. 16 15 li 16 

DAY / RATIO 
1 15 
7 19 
14 18 
21 15 
28 16 

MIX 2 C:N RATIO 

DRMIXZ.XLS 
C-N Ratio Page 2 

SDR #S = Biafaciiity Dry Run, Mix #, Day # 

Date Sampled 
COC = Chain of Custody # 

-. 

- 

_- 



NSWC CRANE 
DRY RUN C:N PJTIOS 

MIX 5 

DAY 0 
~‘~ CRAiBDR 500 3/21/97 cot 6 

Avg. 124 a7 47 1 86 

DAY 7 
CRAIEDR 507 3128137 COC 10 

Avg. 
32 
27 
2i 
22 

Avg. la 36 22 25 

DAY 14 
CRAIBDR 514 4/4/97 cot 14 

r  

DAY 21 
CRAIBDR 521 4111197 COC 18 

II cross I Samole Location I1 
Section 1 ‘2 3 Avg. 

Al 20 I 18 I 14 17 

Avg. la 29 17 21 

DRMIX5.XLS 
C-N Ratio Page 1 

WA = crane 
BDR M = Biofacility Dry Run, Mix #, Day St 

Date Sampled 
COC = Chain of Custody # 



DAY 1 RATIO 
1 / 86 
7 25 

14 15 
21 21 

NSWC CRANE 

DRY RUN C:N RATIOS 
MIX 5 - 

MIX 5 C:N RATIO ’ 

DRMIX5,XLS 
C-N Ratio Page 2 

CPA = crane 
BDR W = Biofaciiity Dry Run. Mix #, Day $I: 

Date Sampled 
CDC = Chain of Custody # 



NSWC CRANE 
DRY RUN C:N RATIOS 

MIX 7 

DAY 0 
CRAlBDR 700 3118197 cot 5 

[ml Ai. 

I 
Cl 20 / 412 147 
D/ ‘0 I 7 0 I 27 36 

Avg. 15 4.4 153 71 

DAY 7 
CRAIBDR 707 3/25/97 cot 9 

II Cross I Sample Location II 
Section / 1 2 3 1 Avg. 

Al I 184 I 22 ,/ 69 
6 22 717 1; / ii 

C 19 I 2c 19 19 
D 20 8 27 78 

Avg. 15 57 21 31 
.- 

DAY 14 
CRAIBDR 714 4/l/97 cot 13 

II cross I Sample Location ii 

Avg. 17 15 16 1 16 

DAY 22 
CRAlBDR 722 419/97 cot 17 

Cross Sample Location 
Section 1 2 3 

A 17 17 15 
6 20 18 15 
C 13 15 19 
D 13 16 12 

Avg. I6 17 15 

Avg. 
16 
18 
16 
14 

16 

- 

CR4 = crane 

DRMIX7.XLS 
C-N Ratio Page 1 

BDR 4W = Biofaciiity Dry Run. Mix ?4. Day M 
Date Sampled 

C6C = Chain of Custody # 



NSWC CRANE 
DRY RUN C:N RATIOS 

MIX 7 

DAY 28 
CRAIBDR 728 4!15/97 cot 21 

c:oss I Sznok Locz;:ion /I 

DAY / RATIO 

. 1 71 
7 31 

14 16 
21 15 
28 1E 

MIX 7 C:N RATIO 

DRMIX7.XLS 
C-N Ratio Page 2 

BDR +k+$ = Biofacility Dry Run, Mix #. Day ri 
Date Sampled 

COC = Chain of Custody # 
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NSWC CRANE 
DRY RUN MIX RECIPES 

,aw kJ) 
Ingredient 

I “are LlLblYl Time 1130 
1 Estimated Qty (CYIiEstimated Qty. (Ibs.)lActual Qty (lb%) 
I 

-- 
/ I 

DRRECIPE.XLS 
Mix Recipe 
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NSWC CRANE 
DRY RUN MIX RECIPES 

(Mix $8) T Date 3/4/97 Time 1500 
lnqedient Estimated Qry. (CY)IEstimated Qty (ibs.) Actual Qty (lbs.) 

! 
I 

s:raw I 0 0 
Chicken Manure 2.5 I 3625 4430 
Corn Stalks 7.5 ! 1500 1770 
Aifalfa 12 4800 4970 
Caw Manure 15 21375 i 23040 
Wood Chips 13 6890 7020 
Amendment Totals 50 38190 I 41230 

Soil i6~6 50000 49800 

Batch Total 66.6 88190 90130 

I I I 
Batch Total 66.6 I 57320 56040 

- 

- 

DRRECIPE.XLS 
Mix Recipe 



NSWC CRANE 

DRY RUN MIX RECIPES 

(Mix #5) Date 3/19/97 Time 1730 
lnoredient (Estimaieti Qiv, fC\/~lEs~ma~Z Qw, ilbs.iiAcrual Q&. i1bs.i 

Corn Stalks Corn Stalks 
Alfalfa Alfalfa I I 
Cow Manure Cow Manure s s / / 4275 4275 4250 4250 
Wood Chips Wood Chips I I 
Amendment Totals Amendment Totals 50 50 I I 14300 14300 I I i 4940 i 4940 

Soil 16.6 4 -EZc) 42400 

Batch Total 66.6 5”i 20 57340 

DRRECIPEXLS 
Mix Recipe 
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NSWC CRANE 
DRY RUN MIX 2 TEMPERATURE PROFILE 
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NSWC CKANE 
DRY RUN MIX 7 TEMPERATURE PROFILE 
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APPENDIX B 
RECORD OF RECIPE FORMS 
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TEMPERATURE DATA AND GRAPHS 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 2 Constructed June 28, 1997 

Windrow Average Daily Temperatures 

-I- Opti urn 
.---a / .’ 

g 50. 
-----. \,,~‘C-‘\,-m 
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5 ( ________________--------------------------- =-= 
‘Z 
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~~~~~~ 

0 
3 
& ; 30.. 

1 Turn 2 Turns + 3Tums t 
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Windrow Age in Days 

Morrison knudsen Corporation 
___. 

c-2 



Average Daily Windrow Temperature Summary Report 
,- 

~indrow Number Corrstructiort Date Date Monitored Age (Days) PRE-Turn (Deg C) POST-Turn (Deg C) 

MIX2 6128197 6/29/97 

6130197 

7,1/97 

712/97 

7/3/97 

714197 

7/5/97 

7/6/97 

7/7/97 

7/a/97 

7/g/97 

7/l o/97 

7/l l/97 

7112197 

7,13,97 

7/l 4197 

7,15/97 

7/I 6197 

7/I 7197 

711 a/97 

7,19/97 

7/20/97 

7/z/97 

7122197 

7/23/97 

7124197 

7125197 

7127197 

7128197 

All average temperatures are in degrees centigrade 

October 3,1997 

1 46.67 43.79 

2 49.29 46.33 

3 52.71 47.36 

4 52.96 50.46 

5 56.08 52.92 

6 58.50 53.63 

7 55.67 49.75 

a 52.75 49.68 

9 54.79 53.96 

10 56.22 52.79 

11 55.79 51.38 

12 52.04 49.38 

13 51.38 47.96 

14 47.83 46.38 

15 47.96 47.08 

16 51.17 49.96 

17 60.60 48.04 

18 49.00 47.54 

19 51.04 47.96 

20 47.88 44.63 

21 45.79 45.13 

22 45.79 44.50 

23 47.42 45.08 

24 52.33 43.04 

25 46.63 43.21 

26 47.08 43.79 

27 48.67 46.63 

29 50.92 48.17 

30 54.00 57.92 

c-3 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 3 Constructed June 29, 1997 

Windrow Average Daily Temperatures 
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Average Daily Windrow Teiperature Summary Report 
.  

d’i/tdrow Number Construction Dote Dute Monitored Age (DII.VS) PRE-Turn (Deg C) POST-Two (Deg C) 

MIX3 6,29/97 6/30/97 

7/l/97 

7/2,97 

713197 

7/4/97 

71997 

7/6/97 

7/7/97 

7/a/97 

7/g/97 

7/10,97 

7/11,97 

7/12/97 

7/13/97 

7/14/97 

7/15/97 

7/16/97 

7/17,97 

7/16,97 

7/19/97 

7120197 

7/21/97 

7122197 

7,23,97 

7124197 

7/25/97 

7/26/97 

7/27,97 

7/28/97 

7/29/97 

AI1 average temperatures are in degrees centigrade 

October 3,1997 

1 49.33 44.63 

2 49.79 49.13 

3 55.79 52.36 

4 59.04 53.50 

5 60.46 54.96 

6 61.88 52.92 

7 56.63 66.96 

i 57.33 53.96 

9 57.50 54.54 

IO 54.63 54.38 

11 59.58 51.04 

12 54.21 50.04 

13 50.83 50.79 

14 63.46 52.04 

15 57.17 51.29 

16 57.54 51.29 

17 54.00 51.21 

18 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 67.21 44.86 

24 49.63 43.21 

25 48.54 42.21 

26 49.00 44.58 

27 48.46 44.42 

26 48.46 45.63 

29 50.46 45.08 

30 47.29 43.29 
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Average Daily Windrow Temperature Summary Report 

MIX4 6128197 6/29,97 

a30197 

711197 

7/z/97 

7/3/97 

714197 

7/5/97 

7,6,97 

7/7/97 

7/a/97 

ilYi9 

7/10/97 

7/i l/97 

7/12/97 

7/13/97 

7,14/97 

7/15,97 

7/16/97 

7/17/97 

7/18/97 

7/19/97 

7/20/97 

7121197 

7l22l97 

7/23/97 

7/24/97 

7,25/97 

7/26/97 

7/27/97 

7,28/97 

AN average temperatures are in degrees centigrade 

October 3,1997 

1 41.33 

2 45.00 

3 47.75 

4 46.88 

5 48.46 

6 49.46 

7 51.83 

8 52.42 

9 50.96 

10 56.64 

., : 52.67 

:2 58.75 

13 53.96 

14 54.03 

15 53.08 

16 54.13 

17 55.58 

18 51.68 

19 58.33 

20 51.67 

21 48.83 

22 50.13 

23 51.46 

24 53.88 

25 46.71 

26 46.21 

27 45.83 

28 47.17 

29 46.21 

30 47.92 

43.08 

44.J 

44.83 

45.75 

46.03 

45.17 

46.25 

51.50 

51.38 

54.38 

52.92 

52.96 

51.29 

52.42 

52.00 

50.88 

50.38 

50.04 

47.71 

47.92 

45.71 

45.17 

43.29 

40.96 

40.42 

41.46 

43.04 

43.46 

44.71 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 5 Constructed June 29, 1997 
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Windrow Average Daily Temperatures 

Mesophilic 

I Turn , ZTums +3Tums , 

234567 6 9 10 11 12 13 14 16 16 17 16 19 20 21 22 23 24 26 26 27 26 26 30 3, 

Windrow Age in Days 

Morrison Knudsen Corporation c-a 



----.--.- .--.-.-_~_-_ 
Average Daily Windrow Temperature Summary Report 

, t’ir~drow Number Cortslruction Date Date Monitored Age (Days) PRE-Turn (Deg C) POST-TIWII (DL;: C) 

MIX5 6129197 6130/97 

7/l/97 

7l2/97 

7/3/97 

7/4/97 

715/97 

7/6/97 

7/7,97 

718197 

7/g/97 

7/10/97 

7l11197 

7/12/97 

7/13/97 

7/14/97 

7/15/97 

7/18,97 

7/17/97 

7/18/97 

7/19/97 

7/20/97 

7/21,97 

7,22,97 

7/23/97 

7/24/97 

7/25/97 

7/26/97 

7/27/97 

7l28197 

7,29,97 

All average temperatures are in degrees centigrade 

October 3,1997 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

40.00 

45.79 

50.75 

65.08 

57.68 

66.63 

59.63 

57.71 

57.67 

56.17 

57.38 

52.08 

54.46 

64.54 

58.50 

58.17 

60.58 

58.96 

54.79 

64.13 

54.42 

52.42 

50.42 

50.67 

49.83 

50.50 

48.96 

50.92 

49.04 

45.17 

50.04 

61.17 

52.79 

63.21 

69.13 

53.42 

55.33 

56.08 

52.58 

53.04 

51.71 

52.79 

54.75 

53.83 

55.54 

51.79 

53.83 

50.58 

49.38 

47.63 

45.88 

45.00 

44.21 

45.67 

45.04 

45.00 

44.13 

43.60 

c-9 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 6 Constructed June 29, 1997 

Windrow Average Daily Temperatures 

60 

70 

60 

l Turn 2 Turns + 3 Turns ______+ 

2 3 4 6 6 7 6 9 10 11 12 13 f4 15 16 17 16 19 20 21 22 23 24 25 26 27 26 29 30 31 

Windrow Age in Days 

Morrison Knudsen Corporation 

,? 

C-IO 
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Average Daily Windrow Temperature Summary Report 

Vindrow Number Consiruction Date Date Moniiored Axe (Duys) PRE-Turn (Dex C) POST-Turn (De.q C) 

.- 

MIX6 6,29/97 6/30/97 

7/l/97 

712i37 

713197 

714197 

7/.197 

7,6/97 

717197 

718197 

7/g/97 

7/10/97 

7/11/97 

7/12/97 

7113197 

7/14/97 

,,I 397 

7/16/97 

7,17/97 

,,I 8/97 

7/19/97 

7/20/97 

7121197 

7ml97 

7/23/97 

7/24/97 

7/25/97 

7/26/97 

7/27/97 

7/28/97 

7/29/97 

AN average temperatures are in degrees centigrade 

October 3.1997 

1 37.25 37.21 

2 41.67 43.00 

3 47.33 46.29 

4 53.71 51.38 

5 57.25 52.58 

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 53.08 

12 55.79 51.46 

13 52.33 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 55.2, 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 48.33 

25 53.38 48.29 

26 53.13 50.08 

27 55.04 49.92 

26 55.38 51.29 

29 56.17 50.75 

30 5479 48.17 

C-11 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 7B Constructed June 28, 1997 

Windrow Average Daily Temperatures ~ 

I1 1 I Turn 3 3 l-3 2Tums -3Tums b 

12345678 9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 27 26 29 30 31 
Windrow Age in Days 

Morrison ‘Knudsen Corporation c-12 
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Average Daily Windrow Temperature Summary Report 
F 

Vindrow Number Corrsfrrrctio~t D&e Date Mmiforcd Age (Days) PRE-Turn (Dcg C) POST-Turn (Dq C) 

MIX7B 6,28/Q, 6129/97 

6/30/97 

7/l/97 

7,*/97 

7/3/97 

714197 

7,5/Q7 

76397 

7/7/97 

7/8/97 

7/9.>. 

7/10/97 

7/11197 

7/12/97 

7113/97 
..- 

7/14/97 

7/15/97 

7116/97 

7117/97 

7/18197 

7,19/97 

7/20/97 

7/21/97 

7122197 

7/23/97 

7/24/97 

7/25/97 

7/26/97 

7127197 

7/28/97 

1 46.71 

2 56.58 

3 60.96 

4 62.71 

5 61.63 

6 62.83 

7 63.21 

8 63.46 

9 63.58 

10 63.75 

II 59.63 

12 61.83 

13 49.96 

14 44.88 

15 52.78 

16 59.28 

17 61.65 

18 45.83 

19 53.92 

20 49.42 

21 53.00 

22 58.83 

23 63.13 

24 66.92 

25 64.67 

26 61.00 

27 61.92 

28 63.88 

29 60.92 

30 62.63 

53.79 

58.08 

58.32 

55.88 

57.96 

54.33 

54.29 

59.83 

56.04 

58.00 

40.91 

34.50 

40.96 

46.36 

63.06 

37.21 

39.92 

45.71 

49.79 

51.79 

55.08 

56.50 

55.79 

52.13 

54.63 

52.78 

53.96 

53.17 

52.79 

AN average temperatures are in degrees centigrade 

October 3.1997 c-13 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 7C Constructed June 28, 1997 

80 

60 

10 

0 

Windrow Average Daily Temperatures _ 

Turn 2 Turns e., 3 Turns , 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 27 28 23 30 31 

Windrow Age in Days 

Morrison’Knudsen Corporation 



Average Daily Windrow Temperature Summary Report 

,‘indrow Number Constructimr Dote Date Monitored Age (Dqw) PRE-Turn (Deg C) POST-Two (Deg C) 

MIX7C 6/28/97 6/29/97 

6130197 

7/l/97 

7/2/97 

7/3,97 

7/4/97 

7,5,97 

7/6/97 

7/7/97 

7/8/97 

7/g/97 

7110197 

7/11/97 

7/12/97 

7/13/97 

7,14,97 

7/15/97 

7/16/97 

7117197 

7/18,97 

7/19/97 

7/20/97 

7/21/97 

7/22/97 

7/23/97 

7/24/97 

7/25/97 

7,26/97 

7127'197 

7/28/97 

1 35.33 

2 48.71 

3 52.33 

4 57.38 

5 60.42 

6 63.71 

7 62.71 

8 64.25 

9 64.63 

IO 65.42 

11 64.63 * 

'IL 63.33 

13 60.42 

14 59.38 

15 60.29 

16 61.79 

17 61.96 

18 59.21 

19 62.63 

20 56.71 

21 53.71 

22 53.38 

23 58.33 

24 65.04 

25 60.21 

26 58.92 

27 54.04 

28 59.21 

29 55.25 

30 57.46 

45.04 

46.54 

52.33 

55.33 

58.33 

58.63 

57.88 

57.54 

60.00 

60.71 

59.50 

56.25 

54.83 

55.58 

57.96 

55.92 

56.33 

53.33 

51.33 

51.08 

51.46 

52.38 

51.46 

51.54 

49.58 

51.79 

51.79 

51.38 

50.83 

,- 

AN average temperafures are in degrees centigrade 

October 3.1997 C-15 



APPENDIX D 
MOISTURE DATA AND GRAPHS 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 2 Constructed June 28, 1997 
..____ 

Windrow Average Daily WHC 

so 

20 . 

IO. 

1 Turn 2 Turns + + 3 Turns w 
o,, 7” 7 ” 7 ” , ., . . . 1 I 8, 8, ” ’ ‘1, 

, 2 J 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 31 

Windrow Age in Cays 

? 

D-2 



Average Daily Windrow WfiC Summary Report 
.-~--(__.___ ;-,I^_._,,... 

/- 

./i~tdrow Number Co~zstrrtctiort Dote Date Monitored Age (Days) PRE-Turn (%) POST-Turn (%) 

MIX2 6/28/97 6/29/97 

7/2/97 

7/3,97 

7/4/97 

7/7/97 

7'1,97 

7/11,97 

7/14/97 

7/16/97 

7/18/97 

7119197 

7/21/97 

7/22/97 

7/23/97 

7/24/97 

7/28/97 

,- 

AN average MWHC values are expressed in percent 

October3,1997 

1 

4 

5 

6 

9 

11 

13 

16 

18 

20 

21 

23 

24 

25 

26 

30 

78.75 

71.33 

78.00 

66.00 

65.00 

60.00 

60.25 

55.75 

48.00 

34.33 

51.27 

47.90 

37.70 

43.18 

57.78 

52.17 

D-3 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 3 Constructed June 29, 1997 

90 

80 

30 

20 

Windrow Average Daily WHC 

1 Turn 2 Turns + 3 Turns 
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 31 
Windrow Age in Days 

~-__ 

Morrison knudsen Corporation D-4 
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Average Daily Windrow WHC Summary Report 

i’rmdrow Number Comtructiorz Date Drrtc Monitored Age (Dqw) PRE-Turn (%) POST-Turn (%) 

MIX3 6/29/97 6,30/97 

7/z/97 

714197 

7r77/97 

7/9/g, 

,,I l/97 

7/14/97 

7,16/97 

70 7,97 

7/16/97 

7/19/97 

7/m/97 

7/a/97 

7/22/97 

7/23/97 

7/24/97 

7/26/97 

7129197 

All average MWHC values are expressed in percent 

October 3,1997 

1 

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 

40.75 

31.50 

29.60 

33.75 

40.96 

47.15 

36.20 

37.83 

46.27 

50.60 

57.65 

36.90 

D-5 
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NSWC Crane BioFacility Pilot Scale Clean Soil DemonstraLon 

Compost Recipe Mix 4 Constructed June 28, 1997 

Windrow Average Daily WHC 

90 

80 

70 

60 

30 

20 

IO 

0 

Turn ______+ 2 1 Turn , 2Turns + 3Turns pw 

2345678 9 ,O 1, ,2 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Windrow Age in Days 

Morrison Knudsen Corporation 

I 
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Average Daily Windrow WHC Summa y Report 

MIX4 6128197 6/29/97 

7,219, 

7,4,97 

7",97 

7/g/97 

?/I l/9' 

7/l 4,97 

7/16/g? 

7/16/97 

7/19/97 

7/21/97 

7/22/97 

T/23/97 

7/25/97 

7127197 

7/28/97 

1 

4 

6 

9 

11 

13 

16 

18 

20 

21 

23 

24 

25 

27 

29 

30 

79.75 

77.25 

80.50 

81.00 

74.00 

77.00 

67.25 

57.75 

47.40 

56.88 

44.95 

45.15 

49.65 

55.65 

54.13 

51.63 

D-7 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 5 Constructed June 29, 1997 

Windrow Average Daily WHC 

70 

60 

20 

10. 

1 Turn , 2Turns + 3Tums , 
0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 15 19 20 21 22 23 24 25 26 27 28 29 30 31 

Windrow AgeinDays 

_ ,.~ 

Morrison Knudsen Corporation D-8 



Average Daily Windrow WHC Summary Report 

indrow Number Comtrucfiort Dale Date Monitored Age (Days) PRE-Tltm (“A) POST-Turn (5) 

MIX5 6/29/97 lx30197 

7,2/97 

7,4,97 

7/7/97 

719197 

7/11/97 

7/14/97 

7/16/97 

7117197 

7/16/97 

,,15... 

7/20/97 

7/21/97 

7/22/97 

7/23/97 

7124197 

7/26/97 

7129197 

All average MWHC values are expressed in percent 

October 3.1997 

1 

3 

5 

8 

10 

12 

15 

17 

18 

19 

20 

21 

22 

23 

24 

25 

27 

30 

71.25 

66.75 

65.25 

62.25 

61.50 

60.25 

46.50 

32.75 

30.10 

32.27 

33.67 

47.50 

37.63 

41.00 

45.15 

53.73 

51 .oo 

41.60 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 6 Constructed June 29, 1997 

Windrow Average Daily WHC 

20 . 

10 . 

1 Turn + 2 Turns 
0, 

+ 3Turns 
, , , , , , , , , , , , ~, , ~ , , , 

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

Morrison Knudsen Corporation D-10 
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xerage Daily Windrow WHC Summary Report 
--“^_-.,~,--_-..--.-__ 

Windrow Number Comtruclion DNIC Dnrte Morritored Age (Days) PRE-Turn (%) POST-Turir (“A) 

MIX6 6/29/97 6130197 1 

712197 3 

7/4197 5 

7m97 a 

719197 10 

7/T 1197 12 

7/14,97 15 

7/l 6197 17 

7/l a197 19 

7/l 9,97 20 

7/z /97 22 

7/22/97 23 

7123197 24 

7124197 26 

7/25/97 26 

7/27/97 28 

7/29/97 30 

78.25 

80.25 

78.25 

74.75 

70.50 

77.50 

63.00 

46.50 

32.95 

47.97 

38.77 

39.55 

38.36 

38.92 

49.88 

47.70 

36.50 

All average MWHC values are expressed in percent 

October 3.1997 D-11 
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- 
Average Daily Windrow WHC Summary Report 

Vindrow Number Construction Date Date Monitored Age (Days) PRE-Turn, (%) POST-Turn (?A) 

MIX7B 6128,97 6/29/97 1 

7m97 4 

7,4’97 6 

7i7197 9 

719197 11 

7 10/97 12 

7/11/97 13 

7/14,97 16 

7,15/97 17 

7,16/97 18 

7/17/97 19 

7/18/97 20 

7/19/97 21 

7/21/97 23 

7/22,97 24 

7/23/97 25 

7/25/97 27 

7,28/97 30 

AN average MWHC values are expressed in percent 

October 3,1997 

54.00 

46.25 

46.25 

44.00 

38.25 

53.75 

39.00 

42.75 

26.75 

39~25 

36.42 

46.93 

41.00 

39.75 

47.83 

48.85 

55.45 

50.55 

D-13 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 7C Constructed June 28, 1997 

Windrow Average Daily WHC 

20 

10 

o 1Tum 
2 Turns +3Tums P. 

, 2 3 4 5 6 7 8 9 10 1, 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

I--~ ~~~-- 

Morrison Knudsen Corporation 

operating 
Range 

+ 

Windrow Age in Cays 
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Average Daily Windrow WHC Summary Report 

-~ 
‘indrow Number Construction Dote Dale Monitored Age (Days) PRE-Tori? (XX) POST- Two (%) 

6/28/97 6/29/97 1 

7,2/97 4 

7,407 6 

7/7/97 9 

7/11/97 13 

7,14,97 16 

7/16/97 16 

7/17/97 19 

7/18/97 20 

7,1!3,97 21 

7,20, 22 

7/21/97 23 

7,22,97 24 

7,23,97 25 

7/25/97 27 

7/28/97 30 

..-- 

All overage MWHC values ore expressed in percent 

October 3,1997 

68.25 

66.50 

63.50 

60.25 

54.50 

51.50 

32.75 

29.33 

33.10 

42.95 

48.53 

44.35 

50.45 

50.23 

49.73 

34.73 

D-15 



APPENDIX E 
OXYGEN DATA AND GRAPHS 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 2 Constructed June 28, 1997 

Windrow Average Daily Oxygen 

16 

Optimum 

14 

s 12 

i? 
0 10 
z 

i! 
$ 8 

6 

4 

0 
I 2 3 4 5 6 7 8 9 10 1, 12 $3 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Windrow Age in Days 

Morrison Knudsen Corporation E-2 
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Average Daily Windrow Oxygen Summary Report 

MIX2 6,28/97 +x9/97 

6/30/97 

7,119, 

7/z/97 

T/3/97 

7, t/97 

T/5/97 

716197 

7/7/97 

716197 

7/g/97 

7/10,97 

7/11,97 

7/l z/97 

7/l 3,97 

7/l 4,97 

7/l 5,97 

7/16/97 

7/17/97 

7/16/97 

7/19/97 

7/20/97 

7/21/97 

7ml97 

7123l97 

7124197 

7125197 

7/27/97 

7/26/97 

All average Oxygen values are expressed as a percent 

October 3, I99 7 

1 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 0.83 0.25 

6 0.29 0.21 

9 0.50 0.08 

10 0.61 0.06 

11 0.04 0.17 

12 0.46 0.42 

13 0.00 0.75 

14 0.13 4.36 

15 1 .oo 2.17 

16 1.33 0.13 

17 1.46 0.92 

16 1.50 2.75 

19 1.21 1.79 

20 2.13 1.92 

21 2.06 2.06 

22 2.79 5.88 

23 2.21 4.63 

24 1.63 6.36 

25 0.08 9.88 

26 0.04 9.54 

27 0.04 8.67 

29 0.17 10.29 

30 0.26 9.79 

E-3 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 3 Constructed June 29,1997 

Windrow Average Daily Oxygen 

20 

t POST 

-.- PRE 

16, 

Optimum 
Operating 

Range 

4 

0 
12 3 4 5 6 7 8 9 ,O 11 12 13 ,4 15 16 47 18 19 20 2, 22 23 24 25 26 27 28 29 30 31 

Windrow Age in Days 

Morrison knudsen Corporation E-4 



Average Daily WindrTw Oxygen Summa y Report 

MIX3 6129/97 6130197 

7/l/97 

712197 

7/3/97 

7/4197 

7/5/97 

7/6/97 

7i7/97 

7,6/97 

719197 

7/10/97 

7/l l/97 

7/12/97 

7,13/97 

7/14/97 

7/15,97 

7/16/97 

7/17/97 

7/16,97 

7/19/97 

7/20/97 

7/21/97 

7,22,97 

7/23/97 

7/24,97 

7/25/97 

7/26/97 

7127197 

7/28/97 

7/29/97 

All average Oxygen values are expressed as a percent 

October 3,1997 

1 1.00 1.88 

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 

8 0.00 0.04 

9 0.50 0.00 

10 0.08 0.00 

!I 0.38 0.13 

12 1.38 3.54 

13 0.29 5.33 

14 0.83 2.04 

15 0.50 2.17 

16 1.71 1.96 

17 2.17 3.75 

18 1.54 13.88 

19 3.06 14.17 

20 1.25 1.63 

21 1.54 7.17 

22 0.83 11.04 

23 1.08 8.96 

24 0.29 8.42 

25 0.21 10.83 

26 0.42 9.92 

27 1.42 7.75 

26 0.25 10.42 

29 0.50 10.25 

30 1 .oo 11.08 

E-S 



- 

NSWC Crane BioFacility Pilot Scale Clean Soil DemonstrLion 

Compost Recipe Mix 4 Constructed June 28, 1997 

Windrow Average Daily Oxygen 

- POST 

-m- PRJE 

Optimum 
14. 14. operating operating 

Range Range 

c c 12. 12. h h 
El El 
P P 0 0 10. 10. 
z z 
E E 32 32 8 8 I I 

I I 
6 

t--T\iJ- 

i ; i 4 6 7 8 8 10 1, 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 27 28 29 30 31 

Windrow Age in Cays 

___. ~_~___.~~-~-.-~- 

Morrison Knudsen Corporation 
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Average Daily Windrow Oxygen Summary Report 

I 
‘indrow Number Construction Dote D&z Morritored Age (Dqgs) PRE-Tmn (%) POST- Turn (“A) 

MIX4 6128197 6/29/97 

6/30/97 

711197 

7/2/97 

713197 

7,4/97 

7/5/97 

7,6,97 

7/7/97 

7/e/97 

7/g/97 

7,10,97 

7/11,97 

7/12/97 

7,13/97 

.’ 
7/14/97 

7/15/97 

7/16,97 

7/17/97 

7/18,97 

7/19,97 

7/20,97 

7,21,97 

7/22,97 

7/23/97 

7/24/97 

7/25,97 

7126197 

7,27,97 

7/28,97 

1 1.75 

2 0.79 

3 1.08 

4 5.92 

5 1.46 

6 1.58 

7 1.42 

8 1.08 

9 1.83 

10 0.63 

11 0.00 

12 2.88 

13 0.58 

14 0.00 

15 0.13 

16 0.33 

17 0.83 

18 0.83 

19 1.13 

20 1.17 

21 0.71 

22 0.88 

23 0.50 

24 0.92 

25 0.33 

26 0.50 

27 0.63 

28 2.17 

29 0.67 

30 0.25 

All average Oxygen values are expressed m a percent 

October 3,1997 

0.21 

1.13 

4.08 

1.92 

2.29 

3.08 

3.58 

0.71 

1.13 

1.25 

0.08 

1.21 

3.83 

1.29 

2.25 

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 

E-7 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 5 Constructed June 29, 1997 

16 

6 

Windrow Average Daily Oxygen 

d POST 

-.- PRE 

2 3 4 5 5 7 8 9 10 1, 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 27 26 29 30 31 

Windrow Age in Days 

E-8 



“________~,“____ . , . .  “x--,“.. . .-m~c-- , . . -  L_,I,. -_I..._- 
Average Daily Windrow Oxygen Summary Report 

h~drow Number Cmstrctctimr Date Dntr Mmitorcd Age (Duys) PRE-Turn (%) POST-Turn (%) 

MIX5 6/29,!37 mot37 

71,197 

7/z/97 

713197 

7/4/97 

7/5/97 

716197 

7i7197 

7/s/97 

7/g/97 

;,':S/ 

7/11/97 

7/12/97 

711x97 

7/14/97 

7/,5/97 

7/16/97 

7117197 

7118197 

7119197 

7/x/97 

7/n/97 

7122197 

7/23/97 

7,24/97 

7/25/97 

7/x3/97 

7127197 

7/28/97 

7/29197 

1 0.36 

2 1.65 

3 0.66 

4 0.54 

5 0.04 

6 1.25 

7 1.33 

8 0.17 

9 0.13 

10 0.00 

11 0.29 

12 0.29 

13 0.04 

24 0.29 

15 0.29 

16 1.17 

17 1.00 

18 1.21 

19 1 .nl 

20 1.13 

21 1.13 

22 0.06 

23 1.00 

24 0.00 

25 0.17 

26 0.33 

27 0.96 

26 0.21 

29 0.29 

30 1.04 

t .3a 

1.46 

0.96 

0.54 

1.17 

1.06 

0.33 

0.29 

0.21 

0.42 

0.33 

4.08 

1.08 

1.36 

1.96 

1.67 

4.75 

3.96 

1.17 

1.04 

11.67 

9.13 

3.79 

9.63 

10.25 

4.67 

10.66 

11.42 

10.33 

E-9 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 6 Constructed June 29, 1997 

Windrow Average Daily Oxygen 

-+-POST 

-.- PP.!2 

14. 
OPf 

OPe 
F hlge 
I e 12. 

% 
E 
0 10. 
E 
i? 
81 * 

f 

6. 

- 
4. . 

2. \ A 

1 Tym O.--. \/ ++Z+-./‘-. b .-.-.--‘-e--3-.- 
1 2345678 9 10 1, 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Windrow Age in Cays 

Morrison’Knudsen Corporation 

1 

E-10 



Average Daily Windrow Oxygen Summa y Report 

MIX6 6/29/97 6/30/97 

7/l/97 

7/z/97 

7/3/97 

71497 

7/5/97 

7/6/97 

7/7/97 

7/B/97 

7/9/97 

7/10/97 

7/11/97 

7/12/97 

7/13/97 

7/14/97 
t 

7/15/97 

7/16/97 

7/17/97 

7/18/97 

7/19/97 

7/20/97 

7/21/97 

7/z/97 

7123197 

7/24/97 

7/25/97 

7/26/97 

7127197 

7/28/97 

7/29/97 

1 0.38 3.17 

2 0.46 2.33 

3 0.33 1.08 

4 3.83 5.17 

5 1.58 5.33 

6 1.70 1.46 

7 1.79 1.42 

8 1.29 0.71 

9 0.83 0.13 

10 0.17 0.04 

11 1.08 0.25 

12 0.17 0.13 

13 0.00 2.63 

14 0.29 0.68 

15 0.29 1.67 

16 0.79 1.33 

17 0.96 1.38 

18 0.58 2.79 

19 1.71 1.17 

20 1.13 1.04 

21 2.38 1.50 

22 0.46 9.86 

23 1.00 7.71 

24 0.00 6.29 

25 0.00 6.54 

26 0.00 4.75 

27 0.13 5.75 

28 0.08 6.29 

29 0.06 7.00 

30 0.00 9.04 

E-11 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 78 Constructed June 28, 1997 
-- 

Windrow Average Daily Oxygen 

16 t 
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14 operating 
Range 

c 12 
& 
E 
0 10 
z 
e 
2 * 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3, 

Windrow Age in Days 

Morrison Knudsen Corporation E-12 



___/-__..- . _ - - ,  ._1_‘__“” ~~~--“--.,~...“~~~-._-_.~-.-‘~.~. , - ._ ,_^ ;__, ,_.  

Average Dail’PWindrow Oxygen Summa y Report 
_~,~” L1.I___-” ..-.-.- 

?ndrow Number Comtructiorr Date Dote Mmritored Age (Days) PRE-Turn (“5) POST-Turn (“A) 

MIX78 6,28/97 8/29/97 1 0.21 

6/30,97 2 2.02 

7/r'97 3 2.67 

7/z/97 4 7.00 

7/3/97 5 5.33 

7 4x97 6 1.92 

715197 7 4.08 

7,6,97 8 5.46 

7i7/97 9 1.29 

7/E/97 10 4.29 

7/g/97 11 1.33 

7/10/97 12 1.54 

7/11/97 13 0.88 

7/12/97 14 3.88 

7/13/97 15 2.44 

7/14/97 16 1.80 

7115,97 17 2.35 

7/16/97 18 1.96 

7117,97 19 1.83 

7/18/97 20 1.50 

7/19197 21 1.50 

7/20,97 22 1.13 

7,21,97 23 0.63 

7/22,97 24 1.75 

7123197 25 3.63 

7124197 26 1.79 

7/25,97 27 1.50 

7/26/97 28 2.29 

7t27197 29 2.17 

7/26/97 30 1.67 

3.08 

1.96 

1.68 

6.71 

3.58 

5.67 

2.88 

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 

10.50 

13.29 

13.75 

13.42 

10.17 

12.38 

14.04 

12.33 

E-13 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 7C Constructed June 28, 1997 

Windrow Average Daily Oxygen 

Optimum 

4 

0 
12345678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 26 26 27 28 29 30 31 

Vvindrow Age in Cays 

Morrison ‘Knudsen Corporation E-14 



Average Daily W.&row Oxygen Summary Report - 

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

MIX7C 6128/97 6,29,97 

6/30/97 

7/1/!37 

712197 

7/3/97 

7,4,97 

7/5/97 

7,6/97 

7",97 

7/e/97 

7i9. 

7/10,97 

7,11/97 

7/12/97 

7/13/97 

7/14/97 

7/15/97 

7,16/97 

7117197 

7,18,97 

7,19/97 

7/20,97 

7Lw97 

7l22i97 

7/23/97 

7/24/97 

7l25i97 

7RSl97 

7/27/97 

7mls7 

1 3.63 

2 2.75 

3 1.21 

4 0.33 

5 5.04 

6 4.17 

7 4.96 

8 6.54 

9 4.21 

10 3.00 

11 2.13 

12 3.50 

13 0.58 

14 0.17 

15 0.63 

16 0.71 

17 1.54 

18 2.33 

19 1.50 

20 1.17 

21 2.25 

22 1.42 

23 0.46 

24 0.54 

25 0.25 

26 0.04 

27 0.17 

28 0.50 

29 0.04 

30 0.08 

All average Oxygen values are expressed as a percent 

October 3,1997 

1.75 

1.75 

1 .oo 

3.63 

1.88 

3.46 

1.04 

3.42 

1.50 

2.00 

0.08 

1.75 

8.25 

4.42 

3.63 

2.46 

6.04 

10.33 

9.17 

9.54 

2.54 

8.42 

10.08 

10.04 

10.88 

10.17 

9.29 

11.67 

10.48 

E-15 
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APPENDIX F 
pH DATA AND GRAPHS 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 2 Constructed June 28, 1997 

Windrow Average Daily PH 

9 

8 

7 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3, 

Windrow Age in Days 

Morrison Knudsen Corporation F-2 



Average Daily Windrow PH Summary Report 
r 

Tndrow Number Cortstructh Dote Date Monitored Age (Days) PRE-Turn (STD Units) 

MIX2 6/28/97 7/z/97 4 a.30 

719197 11 8.88 

7116197 18 a.73 

7/23/97 25 8.52 

7,28/97 30 8.57 

AII overage PH values are expressed in standard units 

October 3,1997 F-3 



.- 

NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 3 Constructed June 29, 1997 

9 

7 

6 

2 

1 

Windrow Average Daily PH 

2 345678 9 10 1, 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Windrow Age in Cays 

Morrison Knudsen Corporation F-4 
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Average-Daily Windrow PLhmumuy Report 

Nindmw Number Conslruction Date Dnte Monitored Age (DIIW) PRE-Turrt (STD U&s) 

MIX3 6129197 7/z/97 3 7.99 

7/9/9' 10 6.57 

7116197 17 6.61 

7123197 24 8.30 

7/29/97 30 8.56 

,- 

All average PH values are expressed in standard units 

October 3,1997 F-5 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 4 Constructed June 28, 1997 

9 

Windrow Average Daily PH 

2 345678 9 10 Ii 12 13 14 15 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Windrow Age in Days 

Morrison’Knudsen Corporation F-6 



- I ^ -  

Average Daily Windrow PH &unmary Report 

Construction Dnie Date Monitored Age (Days) PRE-Turn (STD (inifs) 

6/26/97 7/2/97 4 6.18 

7/g/97 11 7.66 

7/l 6/97 18 8.69 

7123197 25 6.60 

7i28/97 30 6.45 

AN merage PH values are expressed in standard units 

October 3,1997 F-7 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 5 Constructed June 29, 1997 
___.__ 

Windrow Average Daily PH 

9 9 

( ( 

8 

3. 

2 - 

I- 

O 
1 2 3 4 6 6 7 8 9 10 1, 12 13 14 16 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Windrow Age in Days 

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

Morrison’Knudsen Corporation F-8 



___)^~-_.~_~.-~.“-I-~xI._,l... , . , ,  -,.l-l.----^,-l _, . ,  

Average Daily Windrow PH Summary Report 

Nindrow Number Construction Dale Date Monitored Age (Days) PRE-Turn (STD Units) 

MIX5 6/29,97 7,219, 3 6.92 

7/g/97 IO 7.58 

7/16/97 17 6.52 

7/23/97 24 8.23 

7/29/97 30 8.65 

AN average PH values are expressed in standard units 

Ocfober 3,1997 F-9 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstr+ion 

Compost Recipe Mix 6 Constructed June 29, 1997 

Windrow Average Daily PH 

9 

6 

7 

1 

a 

* 

e-f- 

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 31 

Windrow Age in Days 

-.. 

Morrison’Knudsen Corporation F-IO 

? i 



- .__ ,,.,., ‘“;, . .._.,. ~._ -,,, _.-““,l.l”-~_-. ~ --,-- -,,. (,.“..-^._-~ 
Average Daily Windrow PH Summary Report 

Vindrow Number Construction Date D&e Morritorcd Age (Days) PRE-Tunz (STD Units) 

MIX6 6/29/97 712197 3 6.78 

719197 10 8.00 

7,16/97 17 8.14 

7123197 24 8.19 

7/29,97 30 8.40 

AN average PH values are expressed in standard units 

October 3,1997 F-II 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 7B Constructed June 28,1997 

Windrow Average Daily PH 

9 
-- 

t 

6. 

2. 

I. 

0, ,,,,,,,,,,,,,..I,,,I,,,,,.,,l, 
12345678 9 10 1, 12 13 14 16 16 17 18 19 20 21 22 23 24 26 26 27 26 29 30 3, 

Windrow Age in Days 

Morrison Knudsen Corporation F-l 2 



Average Daily Windrow PH Summa y Report 

hdrow Number Construction Dote Date Monitored Age (Days) PRE-Twn (STD Units) 

MIX7B 6/28/97 7/2,97 

719197 

7/l w97 

7,*3/97 

7/28/97 

4 a.44 

11 0.83 

18 a.61 

25 a.07 

30 8.40 

All average PH values are expressed in standard units 

October 3,1997 F-13 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 7C Constructed June 28, 1997 
- 

Windrow Average Daily PH 

9 

8. 

7. 

01 , , ,, ~ ,,,,,,,,,,,,,,I,,,,,,,,,, 
12 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 28 29 30 31 

Windrow Age in Eays 

Morrison knudsen Corporation F-14 



--.--“-____~ -l-. l .xII. I-.-“-“. ,.‘, ^,,-_ - , , . .  , .  , . .  , . , . - .  _1 , , , .  “-x ”  . , . ,  _. , . , , , , .  . , , “ ‘ , ,  , , , ._  . . ,__, , , .  .___ 

Average Daily Windrow PH Summary Report 

Nindrow Number Corzstructim Date Dale Mmifored Age (DIIJW) PRE-TI(NI (STD Unifs) 

MIX7C 6/28,97 7/2/97 4 7.43 

7/l e/97 18 8.19 

7/2x37 25 7.02 

7/28/97 30 a.55 

All average PH values are expressed in standard units 

October 3,1997 F-15 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 2 Constructed June 28, 1997 
...~~~~. 
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Morrison Knudsen Corporation ti-z 



. - - I - ~ -  ^_.“---“_~.--~-_) 

Average Daily Windrow TOC Summary Report 

/i&row Number 

MIX2 

Constructimr Dote Dote Monitored Age (Days) Avg. Cor~centrotion (MG/KG) 

6/28/97 6/28/97 0 59167 

6,29/97 1 49300 

7/3/97 5 84760 

7,8,97 IO 58367 

7118197 20 39242 

7128197 30 66292 

All average TOC values are expressed in miIligrams per kilogram 

October 3,1997 G-3 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 3 Constructed June 29, 1997 
.- -- 

180000 

160000 

140000 

120000 

Windrow Average Total Organic Carbon Concentration (MGIKG) 

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 2i 28 29 30 31 

Windrow Age in Days 

 ̂ . 
Morrison Knudsen Corporation ki4 



- -^ - - . - - - “_p-^  ^ . ,  _- , . , , - , . .  , , , ,  _ . , - . I x - .  .  , . , ,  , , _ “ , . - ”  . . - , , . _ . - .  1” .  , , , . ‘ . . ,  . , , , ,  , , , . .  , . , .  _ , ,  , ,  _, _ . . , , . _ ,  , . . , . ,  

Average Daily Windrow TOC Summary Report 

hdrrow Number Construction Date Date Monitored Age (Days) Avg. Cnnccntrntior~ (MWKG) 

MIX3 6/29/97 6/30197 1 60366 

7,4/97 5 82942 

719197 10 80450 

7119197 20 71567 

7/29/97 30 63333 

All average TOC values are expressed in ndlligrants per kilogram 

October 3.1997 G-5 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 4 Constructed June 28, 1997 

160000 
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.a 

E 
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Windrow Average Total Organic Carbon Concentration (MGIKG) 
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Windrow AgeinDays 

lorrison Knudsen Corporation G-6 



.-,-_..___.^___11-,,-_‘~---~ _I__ ^ , . ,  . ; . .  -  ._ . . . , ”  . , . _  , . . ,  __ , . .  . . - , , -  -- 
Average Daily‘Wimirow TOC Summary Report 

MIX4 6/28/97 6129/97 1 168117 

7,319, 5 128617 

7/8,97 10 116625 

7/18/97 20 89950 

7/28/97 30 83325 

G-7 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 5 Constructed June 29, 1997 

Windrow Average Total Organic Carbon Concentration (MGIKG) 

180000 

160000 

140000 

120000 

1 2 3 4 5 6 7 8 9 ,O i, 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 ~ 

Windrow Age in Days 

Morrison Knudsen Corporation G-8 



Average Daily Windrow TOC Summary Report 

F 

‘iudrow Number Construction Dale Date Monitored Age (Days) Avg. Concentration (MC/KG) 

MIX5 6129,97 6/30/97 1 107908 

7,497 5 100125 

7,9,97 10 96356 

7119197 20 87225 

7/29/97 30 87908 

AN average TOC values are expressed in milligrams per kilogram 

October 3,1997 G-9 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 6 Constructed June 29, 1997 

20000 

Windrow Average Total Organic Carbon Concentration (MGIKG) 
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12 3 4 5 6 7 8 9 10 1, 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 ~ 
/ Windrow Age in Days 

Morrison Knudsen Corporation 

,I 

ti-10 

1 2 ! 



- _ I ,  - - - ~ “ - - I - . - - - L - - . . - I , , .  . - , “ - -  

Average Daily Windrow TOC Summary Report 
--., 

MIX6 6/29197 6,30/97 1 93725 

7/d/97 5 106500 

7&'97 10 109308 

7119197 20 117929 

7/29,97 30 118471 

AN average TOC values are expressed in miNigrams per kiIogram 

October3,1997 G-II 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 76 Constructed June 28,1997 
- 

160000 

140000 

20000 
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Windrow Average Total Organic Carbon Concentration (MG/KG) 
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Windrow Age in Days 

Morrison Knudsen Corporation 



Average Daily Windrow TOC Summary Report 

MIX76 6126197 6/29/97 1 66717 

7/3/97 6 122167 

7/E/97 IO 96633 

7/l 6197 20 59133 

7/28/97 30 63933 

All average TOC values ore express$d in miIligram per kilogram 

October3,1997 G-13 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix~7C Constructed June 28, 1997 
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Morrison Knudsen Corporation G-14 

Windrow Average Total Organic Carbon Concentration (MG/KG) 



Average Daily Wind&w TOC Summary Report 
,-~ 

hdrow Nmnber Construcriort Dote Da& Monitored Age (Days) Avg. Concentrntion (MG/KG) 

MIX7C 6/28/97 6/29/97 1 72542 

7/3/?7 5 71675 

7/a/97 IO 59267 

7/18/97 20 41275 

7/28/97 30 47500 

.- 

All average TOC values are expressed in milIigram per kiIogram 

October 3, I997 G-IS 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 2 Constructed June 28, 1997 

16000s 

Windrow Average Total Kjeldahl Nitrogen Concentration (MGIKG) 
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--. Average Daily Windrow TKN Summary Report 

hdrow Nuntbrr Corrstrrtctim Date Date Monitored Age (Dqs) Avg. Concentration (MG/KG) 

MIX2 6/26/97 6/26/97 0 9060 

6/29/97 1 8012 

713197 5 9233 

7/6/97 10 9639 

7/l w97 20 11182 

7,28/97 30 6556 

All average TKN values are expressed in milligrams per kilogram 

October 3.1997 G-l 7 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 3 Constructed June 29, 1997 

Windrow Average Total Kjeldahl Nitrogen Concentration (MGIKG) 
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--- 
Average Daily Windrow TKN Summary Report 

-. 
hdrow Number Construction Date Dnle Monitored Age (Days) Avg. Concentration (MG/KG) 

MIX3 6,29/97 6/30/97 I 6532 

714197 5 7497 

7/Q/97 10 6584 

7/19/97 20 6729 

7129197 30 6090 

AN average TXiV values are expressed in milligrams per kilogram 

October 3,1997 G-I9 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstrath 

Compost Recipe Mix 4 Constructed June 28,1997 
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Average Daily Windrow TKN Summary Report 
..--- 

iudrow Number Construction Date Dote Monitored Age (DN~s) Avg. Cmtcentmtiotr (MWKG) 

MIX4 6128/97 6/29/97 1 5952 

7,x37 5 8505 

7/E/97 10 7955 

7/l E/97 20 6901 

7,28,97 30 5093 

.- 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 5 Constructed June 29, 1997 
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Average Daily Windrow TKN Summary Report 
-- 

Coustrrrctiorr Date Date Mmritored Age (Days) Avg. Concentration (MG/KG) 

MIX5 6129197 6130197 1 7300 

714197 5 9467 

719197 10 8692 

7119197 20 7203 

7/29/97 30 6105 

All average TKN values are expressed in milligrams per kilogram 

October 3,1997 G-23 



NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 6 Constructed June 29, 1997 
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Average Daily Windrow TKN Summa~ Rep&t 

indrow Number 

MIX6 

Construction Date Dute Mot&red Age (Days) Avg. Concerrtrntion (MC/KG) 

6/29,97 613Ol97 1 8687 

7/4/97 5 43841 

719197 10 8078 

7/l 9197 20 1,609 

7l29197 30 7693 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 7B Constructed June 28, 1997 
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Average Daily Windrow TKN Summary Report 

‘k/row Number 

MIX70 

Comtruction Dote Dote Morritored Age (Days) Avg. Cmtcentrrrtiort (MG/KG) 

6,28/97 6/29/97 1 10850 

7/3/97 5 139"3 

71m7 10 9937 

7118197 20 7436 

7128/97 30 6393 

AN avwnge TTCN values are expressed in milligram per kilogram 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Compost Recipe Mix 7C Constructed June 28,1997 
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Average Daily Windrow TKNSummary Report 

r 
‘ndrow Number Construction Date Date Monitored Age (Days) Avg. Concentration (MWKG) 

MIX7C 6/28/97 6/29/97 1 6611 

7/3/97 5 7244 

7,8/97 10 7406 

7/l a,97 20 5628 

7/28/97 30 5349 

AN average TKN values are expressed in miNigram per kilogram 
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APPENDIX H 
AMBIENT TEMPERATURE AND RELATIVE HUMIDITY 
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NSWC Crane BioFacility Pilot Scale Clean Soil Demonstration 

Windrow Average Daily Ambient Temperature 
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NSWC Crane BioFacility F. ‘, Scale Demonstration 

Windrow Average Daily Percent Humidity 
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