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SECTION 1 – INTRODUCTION This report presents the activities of Contract No. 01-204 between Knox County, Tennessee and Compost And Technology Solutions, Inc. (CATS) dated June 24, 2001. Task 1 of this contract called for a site visit by a CATS representative. This site visit was accomplished on July 18 and 19, 2001. Task 2 of the contract called for preparation of a pilot study protocol. This protocol was completed on July 27, 2001 and submitted to the Knox County Solid Waste Division for their review and comments. Copies of this document were forwarded to the Knoxville Utility Board (KUB) for their review as well. Task 3 of the contract called for pilot study assistance. This task contained three subtasks. Subtask 1 was to prepare for and present a training seminar for Knox County, KUB, and other interested parties. This subtask was completed on August 28, 2001 when a presentation was made to 29 participants at the Knox County Department of Engineering. Complete handouts of a presentation summary and all slides presented were given to each participant. Subtask 2 called for supervision of building of six compost piles, and this was accomplished on August 29, 2001. Subtask 3 included ongoing telephone consultation during the compost and curing periods. Task 4 called for preparation of a final report describing the pilot study (Section 2 of this report) and preparation of an economic analysis of composting based on the findings of the pilot study (Section 3 of this report). Also included in this report are Implementation Recommendations (Section 4 of this report).
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SECTION 2 – THE PILOT STUDY 2.1 – INTRODUCTION The pilot study piles were built on August 29, 2001. Joel E. Alpert, Ph.D., was responsible for site supervision; Erik Spaven, Rodney Rockett, and John Evans from Knox County Solid Waste Division were responsible for data gathering and measurements; Monica Sowders and Jeff Hooyman from KUB were responsible for site preparation and grease additions to the mix; representatives from the Southeastern Mulch Company were responsible for materials movement and operation of the front-end loaders; and Synagro provided a mix box and operators. In addition to the personnel involved in one way or another, representatives from the State of Tennessee regulatory authorities and personnel from other wastewater utilities were onsite to observe the activities. The rest of this section will describe the various piles that were built (Section 2.2) and interpret the findings (Section 2.3). The pile temperatures and analytical results are contained in Appendices A and B, respectively.



2.2 – PILE DESCRIPTIONS There were a total of nine piles built on August 29, 2001. The piles were as follows: • • • • • • • •



Pile 1 was comprised of KUB lime-stabilized biosolids (LSB) and fresh ground yard wastes (GWG) composted by the windrow turning method. Pile 2 was a mixture of LSB, KUB grease trap wastes (KUBG), and GWG. Pile 2 was composted by the windrow turning method. Pile 3 was comprised of the same materials as Pile 2 but was composted by the static pile method. Pile 4 was made up of KUBG and GWG and was composted by the windrow turning method. Pile 5 was a windrow of First Utility District biosolids (FUDB) and ground pallet wastes (PWG). Pile 6 was the same mix as Pile 5, but composting was performed by the static pile method. Piles 7 and 8 were a mixture of roughly one-third FUDB and two-thirds LSB with GWG as the bulking agent. These piles were composted by the windrow turning method. Pile 9 was a mixture of KUBG and PWG. This pile was composted by the windrow turning method.



Tables 2-1 through 2-8 show initial materials balances of the first eight piles. A materials balance for Pile 9 could not be developed since water ran out from the mix and key parameters of the grease were not measured.
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Table 2-1 – Materials Balance of Pile 1 (LSB and GWG) Solids Wet Weight Dry Weight Material Content (%) (lbs) (lbs) LSB 35 6,040 2,114 a GWG 19 6,470 1,229 Calculated Mix 27 12,510 3,343 Measured Mix 49 a Seems low; probably erroneous measurement.



Volume (yd3) 3.6 10.1 13.7



Volatile Solids (%) 34 61 44 47



Volume (yd3) 2.8 2.1 11.7 d 13.3



Volatile Solids (%) 34



Volume (yd3) 4.4 3.6 15.1 d 16.2



Volatile Solids (%) 34



Bulk Density (lbs/yd3) *1,680 640 1,230



Volume (yd3) 4.5 16.8 d 14.9



Volatile Solids (%)



Bulk Density (lbs/yd3) 1,560 400 763



Volume (yd3) 5.5 12.1 17.6



Volatile Solids (%) 77 60 66 72



Bulk Density (lbs/yd3) 1,680 640 913



Table 2-2 – Materials Balance of Pile 2 (LSB, KUBG, and GWG) Solids Wet Weight Dry Weight Bulk Density Material Content (%) (lbs) (lbs) (lbs/yd3) LSB 35 4,710 1,648 1,680 a KUBG 5 3,610 180 1,680 c GWG 19 7,490 1,423 640 Calculated Mix 20.5 15,810 3,251 1,188 Measured Mix 38 a Estimate. b Not measured. c Reading seems low. d Assume 20 percent compaction as water fills void. Table 2-3 – Materials Balance of Pile 3 (LSB, KUBG, and GWG) Solids Wet Weight Dry Weight Bulk Density Material Content (%) (lbs) (lbs) (lbs/yd3) LSB 35 7,440 2,604 1,680 a KUBG 5 6,140 307 1,680 c GWG 19 9,690 1,841 640 Calculated Mix 20.4 23,270 4,752 1,436 Measured Mix 36 a Estimate. b Not measured. c Reading seems low. d Assume 30 percent compaction as water fills void. Table 2-4 – Materials Balance of Pile 4 (KUBG and GWG) Solids Wet Weight Dry Weight Material Content (%) (lbs) (lbs) a KUBG 5 7,570 378 c GWG 19 10,770 2,046 Calculated Mix 13.2 18,340 2,424 Measured Mix 37 a Estimate. b Not measured. c Reading seems low. d Assume 30 percent compaction as water fills void. Table 2-5 – Materials Balance of Pile 5 (FUDB and PWG) Solids Wet Weight Dry Weight Material Content (%) (lbs) (lbs) FUDB 18 8,590 1,546 PWG 63 4,840 3,049 Calculated Mix 34.2 13,430 4,595 Measured Mix 41
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Table 2-6 – Materials Balance of Pile 6 (FUDB and PWG) Solids Wet Weight Dry Weight Material Content (%) (lbs) (lbs) FUDB 18 6,370 1,147 PWG 63 4,190 2,640 Calculated Mix 35.9 10,560 3,787 Measured Mix 42



Bulk Density (lbs/yd3) 1,560 400 677



Volume (yd3) 4.1 10.5 15.6



Volatile Solids (%) 77 60 65 70



Table 2-7 – Materials Balance of Pile 7 (FUDB/LSBa and GWG) Solids Wet Weight Dry Weight Bulk Density Material Content (%) (lbs) (lbs) (lbs/yd3) FUDB/LSB 29 10,404 3,017 1,640 b GWG 19 8,536 1,622 640 Calculated Mix 24.5 18,940 4,639 966 a All calculations assume one-third FUDB/two-thirds LSB mix of biosolids. b Reading seems low.



Volume (yd3) 6.3 13.3 19.6



Volatile Solids (%) 48 61



Table 2-8 – Materials Balance of Pile 8 (FUDB/LSBa and GWG) Solids Wet Weight Dry Weight Bulk Density Material Content (%) (lbs) (lbs) (lbs/yd3) FUDB/LSB 29 6,467 1,875 1,640 b GWG 19 4,653 884 640 Calculated Mix 24.8 11,120 2,759 992 a All calculations assume one-third FUDB/two-thirds LSB mix of biosolids. b Reading seems low.



Volume (yd3) 3.9 7.3 11.2



Volatile Solids (%) 48 61



All of the materials necessary to build the compost piles were transported to the site several days in advance and placed in discrete piles. A berm composed of ground yard waste was placed at the periphery of the property to contain any potential runoff. The grease trap wastes were delivered to the site in 250-gallon sealed containers that formerly contained dewatering polymers. The grease trap wastes were from a school and were pumped directly from the collection vehicle into the storage containers. With the two static piles (Piles 3 and 6), a ground yard waste base about eight inches deep covered the aeration pipe. The mix of biosolids and bulking agent was covered with a one-footdeep insulation layer comprised of ground yard waste. The aeration pipe from both piles was connected to a single plenum and blower. The pipe was connected to the negative side of the blower so that air was drawn through the composting mass, passed through the blower, and exhausted through a plenum into a pile of ground yard waste that served as a biofilter. An existing, on-site blower was utilized for this study. Unfortunately, the aeration rate from the blower was unknown, so until the piping system was modified to allow for some control of the airflow to each pile, it was impossible to maintain desired conditions in either pile. An 18-cubic-yard Knight mix box was utilized to mix the biosolids, bulking agent, and grease trap wastes. The mix box has an internal weigh scale. The procedure for mixing was to utilize a front-end loader to add first the bulking agent, then the biosolids, then the grease trap wastes, and then more bulking agent. After each addition, the weight was recorded. The internal augers of the mix box did a good job of providing a uniform mix in 10 to 15 minutes. The mixed material
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was offloaded into the front-end loader bucket and placed on a pile for composting. During the mix period, samples were collected for solids, pH, and volatile solids analysis. The major odor source during pile building was caused by the grease trap wastes, which had turned anaerobic during storage. These odors were quite strong until the liquid was mixed with the bulking agent and biosolids. There also was a slight odor from the First Utility District biosolids.



2.3 – DISCUSSION OF RESULTS



2.3.1 – Introduction This section of the report will discuss each pile. The temperature logs, oxygen content, and graphs are contained in Appendix A, and analytical findings are contained in Appendix B.



2.3.2 – Pile 1 – LSB and GWG – Windrow There was some concern that this pile would be slow to start composting due to the reportedly high pH of the biosolids and low volatile solids content. Fresh ground yard waste was chosen as the bulking agent since this material has some readily degradable organic material that could “kick start” the biological activity. Obviously, the solids content reported in Table 2-1 for the GWG (19 percent) is in error, and the measured value of 49 percent solids in the mix is probably more accurate than the calculated value of 27 percent. The calculated bulk density of the pile (913 lbs/yd3) shows that there should be plenty of porosity at the mix ratio demonstrated. The pH measured for the mix on Day 1 (8.24) was significantly lower than expected, as was the measured pH of the LSB (9.45). At the measured pH, bulk density, and solids content, it was expected that no problems would occur with the biological activity of this pile, and the measured temperatures indicated that this was the case. One point in the pile reached the Class A criteria of 55oC on Day 3 of composting, and all points reached the 55oC criteria by Day 6. Due to the small pile size, pile temperatures showed more variability than would be expected from a fullsize pile. The Class A pathogen criteria of 15 days at 55oC with a minimum of five turns and the vector attraction reduction criteria of 14 days being aerobic with an average temperature of 45oC were easily met for this pile. There were no malodors with this pile. Not unexpectedly given the relatively high solids content of the initial mix, relatively frequent water additions were required for this mix. The relatively low ammonia levels measured on September 7, 2001 show that most nitrogen released during composting was incorporated into the microbial mass rather than lost as ammonia.



2.3.3 – Pile 2 – LSB, KUBG, and GWG – Windrow In Pile 2, grease trap wastes were added to provide additional energy to the lime-stabilized sludge. According to the laboratory data, this pile had a lower initial solids content, lower pH,
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and slightly higher volatile solids content. Probably because of the higher moisture content and the higher bulk density of this pile, it took nine days until the Class A pathogen temperature of 55oC was met. The higher bulk density apparently impeded oxygen transfer for the first seven days of composting. The pile met the 15 days at 55oC with five turnings criteria as well as vector attraction reduction requirements. The grease trap wastes created a slight malodor in this pile for about the first 10 or so days, but otherwise this mix composted well. Ammonia release was similar to Pile 1 and would not create a problem in a full-scale operation.



2.3.4 – Pile 3 – LSB, KUBG, and GWG – Aerated Static Pile Pile 3 was similar to Pile 2 except a little wetter and much more dense, as shown in Table 2-3. The advantages of forced aeration are apparent in this pile as initial oxygen content and temperatures met Class A criteria in three days instead of nine days. There were no odors associated with this pile, and none occurred at the biofilter. The high initial bulk density of over 1,400 lbs/yd3 made it difficult to insert the temperature and oxygen probes into the pile as the study progressed. This pile easily exceeded the three days at 55oC static pile compost criteria for Class A pathogen kill as well as vector attraction reduction requirements.



2.3.5 – Pile 4 – KUBG and GWG – Windrow This pile was designed to determine if the grease trap wastes could be composted. This pile did not reach temperatures required to meet Class A criteria for 15 days; however, the 55oC criteria was met for about 10 days in at least one location in the pile. These results indicate that not enough solids were present in the pile to allow for enough heat generation. The pile temperatures dropped after 14 days. When the pile was examined at that time, no odor or sign of grease could be detected, indicating probable breakdown of the volatile solids present in the grease. The results of this pile are encouraging in that they show it is possible to compost grease trap wastes without dewatering. It may be possible to reach temperatures by using the same bulking agent multiple times to build up a large enough mass of degradable materials.



2.3.6 – Pile 5 – FUDB and PWG – Windrow This pile was designed to demonstrate composting of a non-lime-stabilized biosolids. The volatile solids of this type of biosolids is higher and the pH is lower, so it was felt that a bulking agent with lower volatile solids (and a lower market demand in the Knoxville area) would still produce acceptable results. As expected, the mix had good characteristics for composting with a low bulk density, acceptable solids content, and volatile solids. This pile attained the 55oC criteria on Day 1 and easily met Class A pathogen and vector attraction reduction regulatory requirements. The ammonia release with this pile was substantially higher than Piles 1, 2, and 3, indicating that degradation of the organic matter in the biosolids released nitrogen faster than it could be taken up by the microbial mass. There was a mild odor noted on Day 16, but otherwise no problems were noted.
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2.3.7 – Pile 6 – FUDB and PWG – Aerated Static Pile This pile was similar to Pile 5, except the aerated static pile method of composting was utilized rather than the windrow method used with Pile 5. The solids contents of the two piles were similar. This pile had trouble meeting Class A temperature criteria until Day 24. The reason for this was undoubtedly due to over-aeration of this pile. As was mentioned in Section 2.2, both aerated static piles were initially connected to one manifold, and the characteristics of the blower were unknown. Since the bulk density of Pile 3 was almost twice as great as that of Pile 6, most of the air was probably forced through this pile. When separate throttles for each pile were put into place on Day 23, this problem was overcome, the airflow to Pile 6 was reduced, and this pile met Class A pathogen and vector attraction reduction requirements for static pile composting.



2.3.8 – Piles 7A and 7B – LSB, FUDB, and GWG – Windrow These two piles were built with all of the biosolids left after building the initial six planned piles. These piles had the advantage of some additional volatile solids provided by the FUDB as compared to Pile 1. These two piles achieved 55oC temperatures by Day 2, as compared to Pile 1, which did not achieve the 55oC temperature criteria for Class A pathogen status until Day 6. This pile met Class A status as well as vector attraction reduction criteria. No odors were noted with these piles.



2.3.9 – Pile 9 – KUBG and PWG This pile utilized the remainder of the grease trap wastes with ground pallets. After it was mixed, the pile released a significant amount of water, so it was impossible to determine a materials balance. The pallet wastes appeared to absorb the grease trap wastes on the surface of the chips and released only clear water. The grease trap wastes had a significant odor until mixed with the bulking agent. As expected, the mix did not meet the 55oC criteria. Comparing this pile with Pile 4, it is apparent that the ground yard wastes provided substantial energy to the compost process since temperatures were consistently 10oC to 15oC higher in Pile 4. Both piles showed that the volatile solids supplied by the grease trap wastes are burned off by about Day 14, when temperatures of the piles tend to decrease. As with Pile 4, no sign of the grease could be discerned after about Day 14.



2.4 – SCREENING On October 16, 2001, five-gallon samples from each pile were hand-screened through a onehalf-inch screen. Percent solids of screen unders and overs were determined for each pile, as well as bulk density of each pile. The results of these analyses are shown in Table 2-9.
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Table 2-9 – Analysis of Screened Samples Bulk Pile # Density 1 2 3 4 5 6 7 8 9



Percent >½” 1,420 880 920 760 660 520 940 920 680



Percent 
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