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Abstract
In this study, the operators of a municipal wastewater 
treatment facility with 4 lagoons had determined that their 
2 primary lagoons—10-foot-deep, with 25-million-gallon 
holding capacity each—had reached sludge depths of 5–7 
feet, putting the lagoons at risk of upset and seriously im-
pacting the facility’s wastewater processing capacity. 

A bioremediation plan was implemented that included 
the use of a biostimulant to support microbial reduction 
of the organic solids in the system. Sludge judging was 
performed for the 2 primary lagoons at baseline and at 
quarterly intervals over a one-year period to measure the 
impact of the bioremediation plan on sludge reduction. 
This was supplemented with ATP analysis to identify live 
biomass energy levels and DNA analysis to identify pres-
ence of and changes in relative representation of bacteria 
species at various stages of plan implementation. It also 
documented bacteria response to changes in influent due 
to episodic loading from industry, including a near-septic 
event. A modified sludge judge was used to collect sam-
ples from each of 3 layers of the lagoon: bottom (sludge), 
middle (interstitial), and top (supernatant). 

The results of the ATP and DNA analyses pointed out the 
often-misunderstood fact that wastewater treatment fa-
cility lagoon sludge is not inert: it is the most biological-
ly active layer of the water column and can be efficiently 
controlled and reduced through proper bioremediation 
interventions. The ATP analyses also documented the 
lasting effects (3 months) of an episodic toxic loading on 
the 2 lagoons. The study reports the 47 most abundant 
bacteria species present at various quarterly samples and 
at each of the 3 water/sludge layers. Discussion is provid-
ed of the roles several of these bacteria species play in the 
bioremediation process. 

At the end of the one-year bioremediation plan, sludge 
depth for the 2 lagoons had been reduced by an average 
of 45%, with sludge depth at some sample points com-
pletely reduced to zero. This represented 17,800 dry tons 
of sludge that did not need to be mechanically removed 
and hauled to a disposal location, a potential savings to 
the treatment facility of over $6 million.
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B
ioremediation is an efficient method for treating 
municipal wastewaters. Essential to successful 
bioremediation is that naturally occurring beneficial 

microorganisms (such as bacteria, fungi, and algae) have 
a supportive habitat and the specific bioavailable nutrients 
and biostimulants they need to actively process wastewater 
contaminants and convert them to water, harmless gas, 
and humus. Because poorly performing wastewater treat-
ment systems can become a significant factor in treatment 
facility efficiency and annual operating costs, delivering 
bioavailable microbial nutrition and biostimulants can 
have a significant impact on cost savings, resource use, 
and plant capacity.

Problem

A California municipal wastewater treatment facility 
(WWTF) with 4 lagoons primarily processed municipal 
waste as well as several types of commercial/industrial 
waste, including waste from a tomato processing plant and 
a dairy processing plant. The WWTF operators determined 
that their 10-foot-deep lagoons had reached sludge depths 
of 5–7 feet, putting the lagoons at risk of upset and seriously 
impacting the facility’s wastewater processing capacity. A 
bioremediation plan was requested to reduce sludge levels, 
increase capacity, and return the system to a state of biologi-
cal health (see Figure 1, page 2).

Objective

In addition to meeting the WWTF’s goal of using bioreme-
diation to reduce sludge levels in its lagoons, the WWTF 
operator saw an opportunity to investigate and track specif-
ic changes in the primary lagoons’ (ponds 1A and 1B) strata 
microbial life as remediation reduced the sludge and re-
turned the system to a state of health. In addition to sludge 
judging, it was decided to utilize adenosine triphosphate 
(ATP) analysis to quantify the viability of the microbial 
population within the strata. Deoxyribonucleic acid (DNA) 
analysis was also used to investigate the significant bacterial 
populations contributing to the sludge reduction within the 
strata in ponds 1A and 1B.

An In-Depth Investigation of Bioremediation and Biological Factors Involved in  
Reducing Sludge at a Municipal Wastewater Treatment Facility Lagoon System

Lagoons: Under the Surface



2 © 2020 Bio Huma Netics, Inc.Lagoons: Under the Surface

Initial Status

The influent to the wastewater system was primarily munic-
ipal, with some commercial and industrial sources (25%) 
for a total of 2.8 million gallons a day. Ponds 1A and 1B—
the two primary lagoons—performed in parallel, with the 
secondary and tertiary lagoons (ponds 2 and 3) running in 
series. Each primary lagoon was estimated to hold 25 mil-
lion gallons of water, (1,270 ft x 325 ft x 10 ft) with berms 
sloped at a 1:3 ratio. 

A sludge judge was performed on the primary lagoons as a 
baseline. The overall lagoon depth averaged 10 feet with 2 
feet of freeboard. It was determined that the sludge blanket 
was greater than 5 feet in several locations in both primary 
lagoons, Pond 1A and Pond 1B. An example of the field 
notes can be seen with Figure 2 (p. 3). Water levels and 
sludge depths are recorded in tables 1a–1j and 2a–2j (pp. 
20–23).

Due to the high average sludge-blanket depth and the loss 
of the primary lagoon’s overall capacity, a biostimulant, 

Figure 1. Aerial Photograph of California Treatment Plant

Bio Energizer® (BE), was selected to support the reduction 
of the organic solids in the system. BE is not a microbial 
product but a formulation of complexing agents, organic 
acids, natural biological stimulants, and nutrients that help 
balance the natural microbial ecosystem to increase bio-ox-
idation capacity. The biostimulant product, BE, was added 
via peristaltic pump to the inlets of both Pond 1A and Pond 
1B. Initially the dose applied on November 29, 2018, was 7 
ppm (7 gallons of product to 1,000,000 gallons of influent, 
assuming a typical Biochemical Oxygen Demand [BOD5] of 
240 mg/L) and was eventually decreased to 5 ppm in Sep-
tember 1, 2019. A maintenance dose of 3 ppm was started 
November 19, 2019. 

Methodology

The sludge levels for Pond 1A and Pond 1B were ana-
lyzed by a baseline sludge judging and repeated quarterly 
throughout the year using 30 data points. Three cross-sec-
tions were selected, going from north to south in each 
primary lagoon depending on placement of electrical lines, 
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Figure 2. Sample Sludge Judge Field Note
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aerators, and/or mixers (see tables 1a–1j and 2a–2j, pp. 
20–23). Water profile samples were also collected along 
the cross-sections using a modified sludge judge. Taps and 
small valves were installed in the sludge judge every foot, 
with a delineated tape attached to accurately measure the 
sludge and layers to be sampled (see Figure 3). Samples were 
collected from the following three layers: bottom (sludge), 
middle (interstitial), and top (supernatant). The bottom lay-
er was defined as the compressed, thick sludge that existed 
at the bottom of the lagoon and was the focus for the reme-
diation. The middle layer was the interstitial layer between 
the bottom layer and the less turbid top layer or superna-
tant. The top layer was the supernatant of the lagoon. 

Water-level samples were collected along with the com-
pacted bottom sludge levels. Sludge levels were evaluated 
by estimating the average depth of the lagoon to be 10 feet. 
Assuming that the sludge judge would not be able to pen-
etrate the compacted bottom sludge level, the sludge depth 
was calculated by subtracting the sludge level in the sludge 

judge from the measured water level and then subsequently 
subtracting the result from 10 feet. This was the standard 
for sludge measurement until the compacted bottom sludge 
was digested and the sludge judge hit the bottom of the 
lagoon. At that point, sludge depths were recorded as zero.

During the quarterly sampling, samples from similar layers 
along the selected cross sections were collected with the 
modified sludge judge into 3 different 5-gallon buckets 
to create 3 composite samples for each cross section. The 
5-gallon buckets were rinsed with potable water, rinsed with 
a 35% bleach solution, and rinsed again with potable water 
before each composite sample was collected. Ten sample 
points from each layer’s 5-gallon bucket were selected for 
each composite sample, which were collected by using a 
sterile graduated pipet into sterile 30 ml conical centrifuge 
tubes, then capped and inverted 3 times to completely mix 
the new composite. Grab-samples of 10 ml were then col-
lected from the centrifuge tubes into 15 ml sterile graduated 
test tubes that were sent to a professional DNA sequencing 
laboratory—MR DNA (Molecular Research) located in 
Shallowater, Texas—for a diversity assay. The same process 
was repeated for each cross-section to obtain 9 total com-
posite samples for each primary lagoon. Taking 9 composite 
samples for each primary lagoon resulted in a total of 18 
samples. A portion of the residual liquid sample collected in 
each 5-gallon composite bucket was then tested for addi-
tional data—such as pH, electrical conductivity and tem-
perature—by using a Myron L Company Ultrameter II. 

The remaining 20 ml portion of each composite 30 ml 
sample was evaluated with a LuminUltra QuenchGone21 
Wastewater test protocol for the following:

	6 Total ATP (tATP)—Includes intracellular ATP plus extracel-
lular ATP.

	6 Dissolved ATP (dATP)—Includes extracellular ATP only.

	6 Cellular ATP (cATP)—A measure of living biomass concen-
tration or energy level.

	6 Biomass Stress Index (BSI)—A measure of living biomass 
relative health.

Per LuminUltra literature, ATP is quantified by measuring 
the light produced through its reaction with the naturally 
occurring firefly enzyme Luciferase using a Luminometer. 
The amount of light produced is directly proportional to the 
amount of ATP present in the sample. ATP measurements 
provided a useful method of monitoring the proportion of 
viable cells within each layer as well as the degree of stress 
each layer experienced throughout the evaluation period. 
The LuminUltra luminometer was calibrated before each 

Figure 3. Modified Sludge Judge
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sampling event to ensure accurate measurements of the 
composite samples.

Findings

Sludge Judge

Sludge levels were over 5 feet in 5 different locations in both 
Pond 1A and Pond 1B, but both had averages of 3.44 feet 
of sludge when the baseline sludge judge was completed. 
Originally, the influent was divided evenly between Pond 
1A and 1B. However, after septicity issues in January 2019 
developed in Pond 1A, additional flow was diverted to 1B 
so that it was handling 70% of the influent. The flow wasn’t 
rebalanced evenly until November of 2019. At the end of the 
testing period, the average sludge depths removed were 1.68 
ft for Pond 1A and 1.46 ft for Pond 1B. Pond 1B was still 
able to maintain reduction despite taking on the additional 
20% of flow from Pond 1A. 

By November 2019, Pond 1A had an average sludge level of 
1.63 feet and there were 10 locations where a sludge level no 
longer existed (see figures 4e-i and 4e-ii, p. 11; Table 1j, p. 
21). Pond 1A was still able to maintain reduction despite the 
septicity issues during the early quarter of the year. There 
was a mound of inorganic solids and grit located at the 
inlet of both primary lagoons that could not be biologically 
digested. 

By November 2019, Pond 1B had an average sludge depth 
level of 1.99 feet. Five locations had sludge completely 
reduced. It is important to note that Pond 1B carried up to 
70% of the flow off and on during the year, depending on 
Pond 1A’s performance (see figures 5e-i and 5e-ii, p. 12; Ta-
ble 2j, p. 23). Pond 1B also had a mound of inorganic solids 
and grit located at the inlet to the lagoon that could not be 
biologically digested.
pH and Temperature Analysis

Influent pH varied depending on the contributions from 
tomato and dairy processing plants. Industrial influent 
pH varied from 4.3 to 11.7, and municipal influent pH 
ranged from 6.6 to 9.5. It is suspected that a swing in the 
pH from 9.5 to 6.6 within one week contributed to the 
septicity of Pond 1A. Throughout the quarterly sampling, 
pH within each water cross-section became more acidic 
the further down the water column, in line with anaer-
obic treatment of sludge at the bottom of each primary 
lagoon. Cross sectional pH also became more acidic the 
closer to the effluent point of each primary lagoon where 
less aeration occurs, and more anaerobic activity hap-
pens. (see Table 3, p. 23). 

Temperature sampling started to be captured during the 
May 15, 2019, sampling event. Findings were that the tem-
peratures throughout cross sections during the May and 
August 2019 were warmer throughout the water column in 
the lagoons. Only in November 2019 had the bottom layers 
cooled off compared with their upper layers. Temperatures 
overall were within a couple of degrees of the ambient air 
even down to the bottom layer (see Table 4, p. 23).
ATP Analysis

Cellular ATP (cATP), which measures live biomass energy 
levels, was compared with Dissolved ATP (dATP), which 
represents the dead biomass for all the quarterly stratified 
samples. The ratio of cATP:dATP was calculated (see fig-
ures 6a–6c, pp. 13–14; figures 7a–7c, pp. 14–15; Table 5, p. 
24; and Table 6, p. 25) as well as the Biomass Stress Index 
(BSI). BSI measured the relative living biomass health for 
each sample. 

The baseline measured cATP and dATP showed that, typ-
ically, the bottom sludge layer of the primary lagoons was 
the most bioactive within the pond. The middle and top 
layers were active as well, although typically not to the same 
degree. Throughout the quarterly testing period the top 
and middle layers of the cross sections varied dramatically. 
During February 2019 sampling, most of the cross-sections 
for both Pond 1A and Pond 1B showed signs of suppression 
due to a suspected influent pH swing of 9 and 6.6 within a 
one-week period in January. Subsequently, Pond 1A turned 
a gray color, possibly went septic, and strained Pond 1B as 
well. The cATP:dATP during this time period was as low 
as 0.11 in 1A-2B and -0.07 at 1B-3B. The negative value at 
1B-3B was attributed to the living bacteria lysing almost 
immediately with Luciferase in the LuminUltra protocol 
due to the cells being highly stressed. The fastest recovery 
was at Cross Section 3 for each pond, as it was located near 
the influent of the wastewater system, which consistently 
received new organic solids that mitigated the effects of the 
sludge removal.

Sampling points 1A-1T and 1B-1T showed a more delayed 
response, with suppression occurring during the May sam-
pling event. This is interesting, as these samples represent 
the supernatant effluent to Pond 2 and point to the longer 
lasting impacts of toxic upsets in the system. The corre-
sponding BSI also indicated that the bacteria were under a 
great amount of stress during the system upset. The lowest 
BSI values were 0.08 and 0.14 for Pond 1A 1A-3B and Pond 
1B 1B-3B near the inlets to the lagoons. The highest values 
were at Cross Section 1 for Pond 1A and Cross Section 2 for 
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Pond 1B. The BSI for Pond 1A at 1A-1T was significantly 
higher (883.60) compared with the highest value for Pond 
1B at 1A-2M (277.8). When all the quarterly BSI measure-
ments for Pond 1A and Pond 1B were averaged, Pond 1A’s 
was 59.5 while Pond 1B was 25.5, verifying that Pond 1A 
was in general more stressed than Pond 1B even though 
Pond 1B treated 20% more of the inlet loading.
DNA Analysis

Quarterly diversity assays were performed with bTEFAP® 
Illumina 20k inhouse 16s rRNA sequencing on all 18 sam-
ples to identify the bacteria species. The top 20 species were 
selected quarterly for comparison with the baseline analysis. 
In a high-level review of the DNA data evaluated, it was 
found that the application of a biostimulant contributed to 
a more diversified microbial population that in turn helped 
lagoon systems recover from toxicity events and periodic 
turnover. Turnover occurs when lagoons have not only ther-
mal stratification throughout the water column, but density 
as well. Prevailing winds throughout the season will cause 
these layers to mix and dissolved oxygen layers to drop. This 
action brings anaerobic microbiology to the surface of the 
wastewater system and can inhibit lagoon influent treat-
ment. The impact of fungi, algae, and associated enzymes 
were not evaluated during this study.

During the Baseline DNA analysis in November 2018, it was 
found that the predominant species of bacteria—Pseudomo-
nas syringae and Pseudomonas rhizosphaerae—represented 
45% and 14% of the total bacteria sampled (see Fig. 8a, p. 

16; Table 7a, p. 26). These specific species are predominantly 
associated with plants and not with wastewater treatment. 
The assumption was made that these were present due to 
the tomato processing plant that seasonally cans a variety 
of tomato products during the summer. There was another 
spike of 31% in Pseudomonas syringae in August of 2019 
corresponding with the 2019 tomato processing season 
(see Fig. 8d, p. 17; Table 7d, p. 27). In February 2019, the 
bacteria started to naturally select toward BOD and phos-
phorus-consuming bacteria despite the suspected toxicity 
and suppressed cATP conditions. Phosphorus-consuming 
bacteria were predominantly found in the western portion 
of the primary lagoons near ponds’ 1A and 1B effluent to 
Pond 2. In May, the bacteria selected away from BOD and 
phosphorus-consuming bacteria. This is believed to reflect 
not only a turnover within both primary lagoons, but also 
a delayed response to the suspected septic conditions—al-
though cATP started recovering. In August, the bacteria 
returned to the microbial population that existed in Febru-
ary of that same year (see figures 8a–8e, pp. 16–18; tables 
7a–7k, pp. 26–31). November reflected similar species that 
were present after seasonal turnover seen in May.

Other pseudomonas species that are associated with break-
ing down sugar, carbohydrates, and nitrification were found 
throughout the year of sampling. Acinetobactor species 
were also present throughout all the sampling events and 
Rhodocyclus tenuis appeared after biostimulant application. 
These are closely associated with polyphosphate uptake and 
phosphorus removal. Anaerobic organic digesting bacte-

ria such as Bacteroids 
spp., Bellilinea spp. and 
Clostridium spp. were 
consistent throughout the 
sampling periods, cor-
responding with inter-
stitial and sludge strata 
sampling. Filamentous 
anaerobic bacteria such as 
Levilinea spp. and Longi-
linea spp. were also found 
within the interstitial and 
sludge strata sampling. 
Sytrophus sp. and spp., 
known for the oxidation 
of butyrates and other 
fatty acids, were found 
throughout the sampling 
series and specifically 
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corresponded with interstitial and sludge strata sampling. 
The other top 20 species identified can be found in Figures 
8a–8e (pp. 16–18) and Tables 7a–7j (pp. 26–30) with a sum-
mary in Table 7k (p. 31). Most of these other species were 
not considered to individually make up a significant pop-
ulation for organic solids degradation, but they supported 
overall treatment. 

Nitrifiers such as Nitrobactor, Nitrosomonas, Nitrospirillum 
and other species were found throughout the year of treat-
ment for the lagoons. They contributed to the reduction of 
ammonia and the removal of nitrogen from the influent but 
were not in the top 20 species identified during the quar-
terly sampling periods. Table 7l (p. 32) is a summary of the 
total number of bacteria contributing to nitrifying efforts. 
There is a significant increase of nitrifying bacteria in May 
2019 (5.4 times) and November 2019 (4.6 times) compared 
with the baseline, while there was a loss of nitrifying bacte-
ria in February 2019 due to the known septicity of the Pond 
1A and the additional strain on Pond 1B. In August 2019, 
it is believed that aeration issues and a suspected low-level 
toxic event impacted the nitrifying bacteria as they dropped 
to almost a fourth of the baseline totals. By November 2019, 
the lagoons appeared to have recovered from the issues 
found in August 2019. Pond 1B consistently performed as 
well as Pond 1A or better despite treating a greater percent-
age (60%–70%) of the influent.

Economics

The baseline sludge levels were over 5 feet in 5 different 
locations in both Pond 1A and Pond 1B. On average, both 
ponds had 3.44 feet of sludge when the baseline sludge 
judge was completed. In November 2019, the average 
amounts of sludge removed were 1.68 ft for Pond 1A and 
1.46 ft for Pond 1B which accounts for reductions of 48% 
and 42% respectively. These percentages represent about 
9,375,000 gallons of sludge or about 2,800 truckloads re-
moved with very little capital investment. These calculations 
can be found in Table 8 (p. 32). Reviewing lab data collected 
during the testing period, it was found that there was an 
average yearly removal rate of 99.8% of BOD. Additionally, 
the daily BOD or solids loading throughout treatment into 
Pond 1A and 1B was calculated using average flow rate 
during treatment and the assumption of 6% solids into the 
following equation:

Influent 6% Solids/Day 	 = (Vol. MGD) x ( % Solids)

	 = 2.62 MGD x 0.06 x = 0.16 MG/Day 

Solids gal/Year = 0.16 MG/Day x 365 Day/Year = 57.4 MG/Year	

An additional 57.4 MG/Year of solids were treated in ad-
dition to what was removed. When adding the gallons of 
sludge reduced to the gallons of solids treated within the 
system, the total is 66.8 MG for the treatment time. Con-
verting these gallons to 6% dry tons, it comes out to 17,800 
dry tons. At $340 dollars (from previous Customer Study) 
for removal of dry tons, there is a savings of $6,066,000. 
This calculation excludes down time required to dredge the 
lagoons. This total was compared to an investment in prod-
uct of $350,000, and it was found that the facility product 
investment was 5.8% of the potential dredging costs. 

Conclusions

A municipality was dealing with sludge build up in its two 
primary lagoons that was reducing capacity of the system 
to treat the incoming influent. A biostimulant was used to 
reduce the sludge in situ without taking the system down 
for mechanical treatment. During the treatment, several 
parameters—sludge judge, and ATP and DNA analysis—
were used to evaluate the quarterly sludge reduction and 
health of the two primary lagoons. Sludge judging provided 
not only the water and sludge levels of each lagoon but, with 
a modified sludge judge, samples were collected from the 
following three layers: bottom (sludge), middle (interstitial), 
and top (supernatant). At the end of the treatment period, it 
was found that Pond 1A’s and Pond 1B’s sludge were re-
duced 48% and 42%, respectively.

Through ATP analysis, it was found that the bottom sludge 
layer was the most biologically active layer of the lagoons, 
which refutes the idea that the sludge layer is inert and can 
only be removed mechanically. A delayed response to a 
suspected toxicity event in December 2018 was captured 
as Pond 1A went to septic conditions, necessitating Pond 
1B to take additional flow. Pond 1A and Pond 1B both 
showed a significant decrease in cATP in February 2019 due 
to the toxicity. Bacterial recovery did not fully occur till 6 
months later in August 2019, which is substantially longer 
than anticipated as the color and appearance of the lagoon 
improved sooner.

DNA analysis allowed for the trending of 47 of the top 
different bacteria during the quarterly samples, out of the 
hundreds of bacteria found to be present in the two lagoons. 
Originally, the primary bacteria found in the baseline No-
vember 2018 sampling were plant-based due to the tomato 
processing that occurred during the summer. In February 
2019, the bacteria started to naturally select toward BOD 
and phosphorus-consuming bacteria despite the suspected 
toxicity and suppressed cATP conditions. Phosphorus-accu-
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mulating bacteria that were not present during the base-
line analysis gained prominence during treatment, which 
was unexpected as lagoons are not known for phosphorus 
removal. Pseudomonas bacteria were identified as sup-
porting nitrogen removal. Unsurprisingly, the work of the 
sludge reduction was accomplished by a variety of anaero-
bic bacteria. 

A simple cost analysis was performed, evaluating not only 
the existing sludge quantities but the incoming potential 
sludge (see Table 8, p.32). It was found that 9,376,000 gal-
lons of sludge were treated in place as well as an additional 
57.4 MG/Year of solids, which at 6% solids came to 17,800 
dry tons, at $340 dollars per ton or a total of $6,066,000.00. 
This total was compared with a product investment of 
$350,000, 5.8% of the potential dredging costs. This is a 
considerable savings for a municipality with little upfront 
capital spending capacity.
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Figure 4a(i). Pond 1A 11/29/18 Baseline, Sludge 
Depth Top View, West to East

Figure 4a(ii). Pond 1A 11/29/18 Baseline, Sludge 
Depth Cross Section

Figure 4b(i). Pond 1A 2/20/19 Sludge Depth Top 
View, West to East

Figure 4b(ii). Pond 1A 2/20/19 Sludge Depth Cross 
Section

Figure 4c(i). Pond 1A 5/14/19 Sludge Depth Top 
View, West to East

Figure 4c(ii). Pond 1A 5/14/19 Sludge Depth Cross 
Section

Figure 4d(i). Pond 1A 8/15/19 Sludge Depth Top 
View, West to East

Figure 4d(ii). Pond 1A 8/15/19 Sludge Depth Cross 
Section
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Figure 4e(i). Pond 1A 11/13/19, Sludge Depth Top 
View, West to East

Figure 4e(ii). Pond 1A 11/13/19 Baseline, Sludge 
Depth Cross Section

Figure 5a(i). Pond 1B 11/29/18 Sludge Depth Top 
View, West to East

Figure 5a(ii). Pond 1B 11/29/18 Sludge Depth Cross 
Section

Figure 5b(i). Pond 1B 2/20/19 Sludge Depth Top 
View, West to East

Figure 5b(ii). Pond 1B 2/20/19 Sludge Depth Cross 
Section

Figure 5c(i). Pond 1B 5/14/19 Sludge Depth Top 
View, West to East

Figure 5c(ii). Pond 1B 5/14/19 Sludge Depth Cross  
Section
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Figure 5d(i). Pond 1B 8/15/19 Sludge Depth Top 
View, West to East

Figure 5d(ii). Pond 1B 8/15/19 Sludge Depth Cross 
Section

Figure 5e(i). Pond 1B 11/13/19 Sludge Depth Top 
View, West to East

Figure 5e(ii). Pond 1B 11/13/19 Sludge Depth Cross  
Section
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Figure 6a. Pond 1A ATP, Cross-Section 1:  
Supernatant, Interstitial, Sludge Layer

Figure 6b. Pond 1A ATP, Cross-Section 2:  
Supernatant, Interstitial, Sludge Layer
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Figure 6c. Pond 1A ATP, Cross-Section 3:  
Supernatant, Interstitial, Sludge Layer

Figure 7a. Pond 1B ATP, Cross-Section 1:  
Supernatant, Interstitial, Sludge Layer
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Figure 7b. Pond 1B ATP, Cross-Section 2:  
Supernatant, Interstitial, Sludge Layer

Figure 7c. Pond 1B ATP, Cross-Section 3: Superna-
tant, Interstitial, Sludge Layer
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Figure 8a. Microorganisms Identified by DNA Testing, 11/29/18

Figure 8b. Microorganisms Identified by DNA Testing, 2/20/19
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Figure 8c. Microorganisms Identified by DNA Testing, 5/14/19

Figure 8d. Microorganisms Identified by DNA Testing, 8/15/19
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Figure 8e. Microorganisms Identified by DNA Testing, 11/13/19
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Table 5. Pond 1A LuminUltra QG21W Tests Performed,  
Sampling West to East (Cross Sections 1–3)
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Table 6. Pond 1B LuminUltra QG21W Tests Performed,  
Sampling West to East (Cross Sections 1–3)
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Table 7a. 11/29/18 Pond 1A Microorganism Counts from DNA Testing, 
Baseline, by Species and Sample Site
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Table 7e. 11/13/19 Pond 1A Microorganism Counts from DNA Testing, 
by Species and Sample Site
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Table 7g. 2/25/19 Pond 1B Microorganism Counts from DNA Testing, 
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Table 7i. 8/15/19 Pond 1B Microorganism Counts from DNA Testing, 
by Species and Sample Site

Table 7j. 11/13/19 Pond 1B Microorganism Counts from DNA Testing, 
by Species and Sample Site
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Table 7k. Summary of Microorganism Counts from DNA Testing, by Species, Date, Pond, and 
Percentage of Sampling Event
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Table 7l. Quarterly Nitrifying Microorganism Counts

Table 8. Sludge Reduction Summary
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