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1.0 INTRODUCTION AND OVERVIEW

The City of Jacksboro collects and treats domestic wastewater from the community. Their present
wastewater treatment plant (WWTP) was permitted (Permit #10944) in 1998. Because of a complex
series of legal and regulatory events, the permit expired in 2000 and, under current Texas Commission on
Environmental Quality (TCEQ) procedures, cannot be renewed. This document presents an approach to
untangle the situation that will allow the permit to be renewed.

Figure 1-1 shows the overall area. The City of Jacksboro is located northwest of Fort Worth and the
discharge from the WWTP eventually goes to the West Fork of the Trinity River, segment 0812.
Figure 1-2 shows an aerial view of the study area in more detail, taken in 1996 before the new WWTP
was constructed. The new plant was built to the east of the lagoons, which are now empty. Wastewater is
discharged into Little Cleveland Creek (LCC), an intermittent stream, at the location shown. Just
downstream from the WWTP discharge point is a permitted diversion from LCC (Certificate of
Adjudication 08-3313). The diversion (200 acre feet per year [ac-ft/yr]) is permitted by the TCEQ for
irrigation use at a golf course located about 1.2 miles to the east. The maximum authorized diversion rate
is 1,200 gallons per minute (gpm), considerably larger than the wastewater discharge flow. LCC
continues for approximately 2 kilometers (km) before it enters a flood control reservoir, Johnson Lake. It
then flows into Cleveland Creek and on to segment 0812.

The reach between the WWTP and Johnson Lake is the focus of this study. The primary land use in the
watershed is cattle grazing, with some hay cultivation. Along the creek the soil is sandy which limits
runoff when rains occur.

This report includes a discussion and background on the wastewater permit issue presented in Section 2.0.
The field work, including an intensive survey conducted as part of the project is described in Section 3.0.
This section also references a summary of data obtained in prior studies. Section 4.0 describes a lake
elevation model of Johnson Lake, and how this fits with the QUAL-TX model of the stream. It includes
both a calibration and long-term simulation of lake levels. Calibration of the QUAL-TX model of the
stream is described in Section 5, along with application to the system, considering the results of the lake
level model. Alternatives are presented that appear to meet the requirements for the TCEQ to issue a new
permit for the facility. Section 6.0 summarizes the findings and presents a proposal for a broader solution
to the underlying problem.
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2.0 BACKGROUND ON CITY OF JACKSBORO WASTEWATER
PERMIT

This section reviews the background of the wastewater permit issue and concludes with a status
discussion and a brief description of the approach taken to resolve the issue.

The City of Jacksboro has operated a WWTP at this location since 1950. Initially the plant employed an
Imhoff tank and a series of ponds for treatment. Through a series of modifications over the years, these
served the City until the early 1990s when a combination of operational problems and increasing
environmental expectations led the City to begin planning a new WWTP. During the permit application
review process for the new plant, the City coordinated with the predecessor agency (TNRCC) and decided
to design and build a new advanced secondary WWTP. The City requested that their permitted monthly
average flow be increased from 0.65 Million Gallons per Day (MGD) to 0.7 MGD. In October, 1994, the
TNRCC modeling staff reviewing their permit application recommended permit limits of 10/3/4
(CBODs/Ammonia-N/Dissolved Oxygen [DO]).

When the new draft permit was published, a downstream landowner whose land includes the lower part of
LCC and Johnson Lake, protested the permit and asked for an evidentiary hearing on the merits. After the
hearing the Commission determined that the proposed permit limits were appropriate and issued the
permit.

This did not resolve the matter. In summer 1997 the downstream landowners took their case to State
District Court. The court affirmed the Commission’s decision to issue the permit. In January 1998 the
City requested a minor amendment to relocate the outfall a short distance. This was evaluated by TNRCC
modeling staff and 10/3/4 permit limits were again recommended. The permit was subsequently approved
by the Commission. In August of 1998 a motion for reconsideration of the minor amendment was made
by the landowner and overruled by the Commission.

In October 1998 the City of Jacksboro commenced discharge from their new WWTP. Where the old plant
had been having trouble meeting a 30 mg/L BOD limit, the new plant performed better than the new
lower permit limits. For example, November 2003 is a typical month that had an average flow of
.243 MGD. For that month the average CBODs was 2.5 mg/L while the permit limit is 10 mg/L. The
NHs-N averaged 0.203 mg/L relative to a permit limit of 3 mg/L. The effluent DO level also exceeded the
permit minimum by a substantial margin.

In fall 1998 the new plant was operating and producing a good quality effluent, but the issue was still not
resolved. In response to low DO issues at the mouth of the creek raised during the hearing process, the
TNRCC staff constructed a new model of Little Cleveland Creek and a portion of Johnson Reservoir
using data provided by consultants representing the downstream landowner. The new TNRCC model

441399/050150 2-1



Low Dissolved Oxygen in Johnson Lake 2: Background on City of Jacksboro Wastewater Permit

predicted that NO effluent set could be recommended that would attain water quality criteria for dissolved
oxygen selected for the lower, impounded portion of the creek.

This new development posed significant problems. In November and December 1998, TNRCC staff met
with City representatives and representatives of the downstream landowner to discuss results from the
revised model. The City provided comments on the TNRCC model and proposed to gather more
information on water quality downstream from their plant. A general study plan was submitted.

Between February 1999 and April 2000, The City of Jacksboro collected periodic DO measurements at
various locations downstream of its WWTP. The data indicated relatively persistent depressed DO in the
upper end of Johnson Reservoir.

In 2000 the City filed an application to renew their permit. Normal procedure at the agency for each new
or renewed wastewater discharge permit is to have the water quality modeling staff determine that
applicable water quality criteria in the receiving stream will be attained if the permit is issued with the
proposed effluent limits. In September 2000 the renewal application was reviewed by TNRCC modeling
staff using the new model. As before, the model indicated that no effluent set could be recommended that
would attain the dissolved oxygen criteria used in the lower, impounded portion of the creek. With that
result, commission rules do not allow it to issue a renewed permit. The renewal of the permit is now
frozen, and the City continues to operate the plant under their 1998 permit. This is still the situation in
July 2005.

A meeting was held in Jacksboro in March 2003 involving representatives of the TCEQ and City of
Jacksboro. At the meeting the history of the problem was reviewed and several alternatives were
discussed including piping the effluent directly to or past the lake, avoiding the Gordian model knots. The
commission staff indicated a willingness to enlist the Clean Rivers Program if a special study were
needed to resolve the issues.

Following the meeting PBS&J staff met several times with commission modeling staff to formulate a
plan. The modeling staff indicated that perhaps the biggest problem was the arm of Johnson Lake that was
included in the new modeled portion of Little Cleveland Creek. The default DO criterion for the lake is
5 mg/L, but the model and available field data show much lower levels in the portion of the creek that is
impounded in the lake. Staff indicated that if this 5 DO criterion problem could not be solved, there was
essentially no hope of getting the model to show criteria attainment under any wastewater discharge
scenario, including zero discharge.

Another piece of background information on the system is the water rights permit held by the Jacksboro
Country Club. The Certificate of Adjudication 08-3313 authorizes up to 200 ac-ft of sewage effluent per
year from the City of Jacksboro to be diverted for irrigation use on a nearby golf course. The maximum
diversion rate allowed is 2.67 cubic feet per second (cfs) (1,200 gpm). During dry periods in the summer,
the authorized diversion rate (1.72 MGD) is much larger than the entire wastewater flow (typically 0.3
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Low Dissolved Oxygen in Johnson Lake 2: Background on City of Jacksboro Wastewater Permit

MGD). The actual maximum diversion rate is lower than the authorized rate, but it is still capable of
taking essentially all of the wastewater flow from the LCC.

At this point there appears to be a reasonable approximation to the “perfect regulatory storm” arising from
the unfortunate combination of the following elements:

e Relatively low DO levels in the LCC. These exist because LCC is now a shaded and low gradient
stream similar to those of east Texas, where DO levels are often low while still supporting a diverse
aquatic life community. This is not a natural condition in the Jacksboro area, but rather one that is
created by the discharge of relatively high quality effluent into a low-gradient stream that is further
slowed by beaver dams and the lake backwater. The existence of natural low DO levels in east Texas
streams while still supporting good aquatic life uses is a long-standing regulatory (standards)
problem.

e Problems in addressing water diversions. This is sometimes a problem in defining what is a critical
condition for a wastewater permit. The critical condition is usually one where the upstream flow and
available dilution is at a minimum. That really isn’t an issue here since the upstream flow is zero
almost all of the time. However, if the full diversion were considered, as would likely be the case in
hot, dry, conditions normally used for wastewater permit analysis, there would not be a criteria
attainment concern in LCC (the creek would be dry), but there still might be in the arm of the lake.
The effect of the diversion is also significant for the lake level analysis.

e Lake arm criteria attainment problems. This regulatory problem is widespread in Texas. It derives
from there not being a suitable and clear definition for the boundary between areas where different
DO criteria apply. In this case it is the boundary between application of DO criteria intended for open
lakes and for tributary streams. Applying a criterion intended for an open lake to a shaded and
guiescent arm or backwater of a lake frequently results in non-attainment.

e Effect of evidentiary hearings. A hearing is an adversarial process that sometimes results in new
information and issues. In this case the lake arm issue was not a factor in the normal permit
processing even though many discharges eventually flow into lake arms or backwater areas. But once
the issue was introduced by the opposition in the hearing process, it had to be considered.

The unfortunate combination of these elements makes it difficult to resolve the permit issue. While DO
levels in the LCC above the lake, the area where the permit analysis was originally performed, appear to
be satisfactory, and the evidentiary hearing is no longer a concern (the current landowners have expressed
no interest in further legal challenges and have cooperated in this study), decisions made in the hearing
environment cannot be reversed without a technically valid reason.

This study develops a technical basis to resolve the issue. It is done through a combination of data
collection, model calibration, analysis of lake levels associated with low flow conditions, and modeling
using QUAL-TX. A proposal to resolve the lake arm issue is also discussed.

441399/050150 2-3



3.0 FIELD DATA COLLECTION

Field data are essential for water quality studies. One creek water quality survey was conducted in 1996
by consultants working for the downstream landowner, and the City conducted weekly DO and
temperature monitoring during the 1999-2000 period. Copies of these data are included in Attachment A.

This section describes new field work conducted in support of the overall analysis. It includes data on the
level variation of Johnson Lake and another set of water quality data in LCC under steady, low-flow
conditions. The field work described here was defined in advance with a TCEQ-approved Quality
Assurance Project Plan (QAPP).

3.1 LAKE LEVEL MONITORING

By summer 2004 a plan had been developed for the work, and one major component would be getting a
better understanding of how the lake level varied. To do this a water level recording device (Global Water
WL15 water level logger) was installed along the dam of Johnson Lake. The probe was set in PVC
conduit down to a depth of roughly 12 feet, the bottom of the lake. Figure 3-1 is a plot of the record
produced by the probe, along with the local rainfall records.

The period from February 1 to April 1 contained erroneous data produced by a bad battery in the unit.
When the problem was discovered and corrected, normal elevation recording resumed.

From the figure it is clear that the reservoir elevation rises following local rains and declines in dry
periods. If there were a dry period of any length, it most likely would have dropped further. The goal of
this monitoring was to obtain data on the rate at which the water level rises and falls in response to local
rains and dry periods that can be used to calibrate a model of the reservoir. Unfortunately, there were only
short periods of dry weather in the available time for the study, so the record does not include much
variation in water level. The use of these data in the lake model is described in Section 4.0.

3.2 INTENSIVE SURVEY, JUNE 13-15, 2005

This section describes the data collection efforts to support water quality modeling. QUAL-TX is the
numerical model used by TCEQ for stream DO modeling and the setting of wastewater permit limits. It is
a steady-state, 1-dimensional model that represents the major water quality variables and processes in a
stream. As with all general numerical models, rates and coefficients need to be selected to represent the
specific processes in the stream under consideration. This is done through the calibration process. In that
process the model rates and coefficients are adjusted so that the model matches field data that are
collected to represent an average, steady condition. The calibration process requires stream data that are
collected under steady conditions, averaged over a 24-hour period. The TCEQ has evolved a procedure
known as an Intensive Survey (IS) specifically to obtain the needed data for QUAL-TX calibration.

441399/050150 3-1



FIGURE 3-1
JOHNSON LAKE LEVEL AND LOCAL RAINFALL RECORLC
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Low Dissolved Oxygen in Johnson Lake 3: Field Data Collection

The IS requires collecting data from each station at least four times over a 24-hour period. For probe
observations (DO, temperature, conductivity, pH) the values are recorded and averaged. For water
chemistry samples (in this case: CBODs, Total Kjeldahl Nitrogen (TKN), Ammonia-N, Nitrate-Nitrite-N,
Total Suspended Solids (TSS) and Volatile Suspended Solids (VSS), and Chlorophyll a) composite water
samples are prepared by taking a sample late in the afternoon of the first day and adding three additional
samples over the course of the next day. The end result is a set of composite samples for each station
collected over a 24-hour period. These composite samples can be analyzed to yield average values that
the model needs for each station.

Stations for the IS were defined in the QAPP (TRA 2004). Figure 3-2 shows the locations and a brief
description of the stations.

3.21 Data Collection

The PBS&J and Trinity River Authority (TRA) crew traveled to the area on June 13 and performed a site
reconnaissance on the morning of June 14. During the site reconnaissance, measurements of the channel
width, depth, and velocity were made using a portable measuring rod laid across the stream, and a top-
setting depth rod with a Marsh-McBirney Model 200 magnetic current meter attached. The process of
doing station measurements is shown in figures 3-3 and 3-4. Table 3-1 presents the dimensions, velocities
and calculated flows.

Table 3-1. Flow, Average Depth, and Velocity

. Time of Stream Depth Velocity ?
Station measurement Km (m) (m/s) (m7/s)
Ouitfall 6/14/2005 9:00 3.02 0.074 0.239 0.0117

6A 6/14/2005 9:30 2.81 0.071 0.062 0.0043
5 6/14/2005 9:40 2.24 0.089 0.094 0.0077
5B 6/14/2005 10:00 181 0.021 0.057 0.0030
4 6/14/2005 11:30 15 0.177 0.014 0.0052
3A 6/14/2005 11:15 1.13 0.136 0.073 0.0151

Later in the morning the sampling boat was launched into Johnson Lake to access stations at the lower
end of the creek and the lake. Figure 3-5 shows the lake and sampling boat, with the picture taken from
the dam near the location of the water level logger. During June 14 and 15 a number of trips around the
lake were made with the depth indicator in operation. Figure 3-6 is a summary of approximate lake depths
obtained from these observations.

Stations were selected in the open lake near the point where LCC entered (station 1) and as far up LCC as
it was possible to go by boat (station 2). Making the trip to station 2, past or through numerous fallen
trees, was a boat-handling challenge.

441399/050150 3-3
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Low Dissolved Oxygen in Johnson Lake 3: Field Data Collection

Figure 3-3. Stream flow Figure 3-4. Width and depth measurements
measurements at station 6A, below concrete dam

Figure 3-5, View of Johnson Lake from dam, facing southwest

The first set of observations was taken late in the afternoon of June 14. The water samples, that
constituted one-fourth of the samples to be analyzed, were placed on ice for the evening. Figure 3-7 and
3-8 show the process of taking probe readings in the stream during the day. Figure 3-9 shows a beaver
dam near station 5B.

Two datasondes, one from TRA and the other from PBS&J, were deployed to provide readings during the
evening. One was deployed at station 1 in Johnson Lake and the other at station 6A, just downstream of
the concrete dam (station 6). The probe at station 1, where the water in the lake was approximately 2 feet
deep, was attached to a metal fence pole hammered into the lake bottom. This is shown in Figure 3-10.
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Low Dissolved Oxygen in Johnson Lake 3: Field Data Collection

The probe just downstream of station 6 was placed in the flowing streambed and secured with line to a
tree.

Table 3-2 presents the average data obtained from each of the stations. The chemical parameters are
values from composite samples while the probe parameters are the arithmetic averages of the probe
readings. Figure 3-11 shows the DO data obtained at stations 6 and 1 during the 24-hour period, with the
datasonde readings in the evenings included. Figure 3-12 plots the chemical and probe data plotted
longitudinally along LCC.

) 4(2‘ ‘45 ‘ -_e 1 .f"x‘/'- m‘

Figure 3-7. Probe reading at station 6 Figure 3-8. Probe reading at station 5

(-‘f‘-?'_. = "l, : i oy EA T -:f“y. o

Fighre 3-9. Béaver dam af station 5B Figure 3-10. Overnight deployment
of sonde at station 1
3.2.2 Discussion of Data

As can be seen from Table 3-2 and Figure 3-12, the DO data are relatively constant until the lower part of
the system. At station 2, which is shaded and covered with duckweed, the DO level is very low. Another
interesting feature of the water at this station was its clarity. Below the duckweed, which typically is not a
permanent feature, there was extensive submerged aquatic vegetation and the water was very clear. A
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TABLE 3-2
SUMMARY OF INTENSIVE SURVEY DATA

Station Stream Temperature Conductivity pH DO CBOD5 Chlorophylla  NHs;-N  NOg+NO,-N  TKN TSS VSS
Km (deg C)  (umhos/cm) (SV) (mg/L) (mg/L) (ug/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
6 2.84 26.3 624 7.1 2.77 3 1.3 111 1.09 3 12 6
6A 2.81 25.9 639 7.3 3.63
5 2.24 25.6 639 7.3 3.94 15 3.2 2.97 1.93 4 7 <2
5A 1.96 24.3 639 7.3 3.81
5B 1.81 24.6 635 7.4 4.17
4 15 24.7 629 7.4 451 15 4.1 0.57 3.87 2 15 2
3A 1.13 24.4 617 7.4 4.58
3 0.76 24.4 618 7.4 3.08 2 3.1 <0.02 3.84 14 4 <2
2 0.22 24.3 656 7.0 0.71 2 6.2 0.05 11.8 <0.2 9 7
1 -0.1 28.1 549 8.9 12.43 6 85 <0.02 2.98 2.1 44 31
Notes:

1. Values of probe parameters (temp, cond, pH, DO) are averages of 4 measurements, except that at Stations 5A and 6A values are averages of 3 and 2
measurements respectively.

2. Values of chemical parameters are from composite samples.
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FIGURE 3-11
DISSOLVED OXYGEN DATA AT STATIONS 1 AND 6A
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FIGURE 3-12
LONGITUDINAL PROFILES OF PROBE AND CHEMICAL DATA
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FIGURE 3-12 (cont'd)
LONGITUDINAL PROFILES OF PROBE AND CHEMICAL DATA
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FIGURE 3-12 (cont'd)
LONGITUDINAL PROFILES OF PROBE AND CHEMICAL DATA
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FIGURE 3-12 (cont'd)
LONGITUDINAL PROFILES OF PROBE AND CHEMICAL DATA
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FIGURE 3-12 (cont'd)
LONGITUDINAL PROFILES OF PROBE AND CHEMICAL DATA

Chlorophyll a

|
*
N Qo Lo __
| | | |
| | | |
| | | |
| | | |
| | | | L 4
| | | |
| | | |
| | | |
| | | |
e [ [
| | | |
| | | |
| | | |
| | | |
| | | | PS
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
I I I | L 2
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
N
| | | |
| | | |
| | | |
| | | |
| | | | ¢
| | | |
| | | |
| | | |
[ O B T SR
| | [ |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | | o
| | | |
| | | |
, , , ,
v LJ LJ LJ LJ LJ LJ LJ LJ
o o o o o o o o o
(o] 0 N~ (o] Yo} < o™ N —

(/6

n) e [[AydoJojyd

-0.5

0.5

15

2.5

Stream Km

3-14

441399/050150



Low Dissolved Oxygen in Johnson Lake 3: Field Data Collection

likely explanation for the low DO level at this station is respiration by the submerged plants with little
opportunity of photosynthesis. Moving out to the lake (station 1), the DO level is quite elevated. This
appears to be a response to the available sunlight, adequate nutrients, and high chlorophyll a
concentrations.

CBOD:s data are low throughout the system, except for station 1 in the lake. At that point the CBODs data
are somewhat elevated, probably due to the high chlorophyll a concentration at that station.

Ammonia-N concentrations are low throughout the system, except for station 5 in the upper reach of the
stream. This station is a cattle crossing and watering location, and cattle were observed at this station
during the sampling. It is possible that cattle could contribute to the ammonia-N concentration at this
station. The TKN values appeared to track reasonably well with the ammonia-N concentration, as is often
the case. TKN includes both ammonia-N and organic N, but not oxidized forms such as nitrate or nitrite-
N.

Nitrate-N levels were relatively low near the discharge and increased slightly with distance downstream.
The relatively low concentrations in the upper LCC, that is nearly pure wastewater, combined with a high
concentration near station 2, in the impounded area of the creek, is hard to explain. A possible explanation
or theory is that the small rain on the evening before the start of sampling may have inserted enough
water into the creek to replace the volume behind the concrete dam, and send that water with its elevated
nitrate-N levels downstream where it might have been measured at station 2. With that theory one would
expect there to be a reduction in conductivity at station 6 where wastewater is replaced by runoff.
However, there is no indication that this theory is supported by conductivity observations. The observed
pattern for nitrate-N concentrations may have to remain a mystery.

The TSS and VSS data are low throughout the system. At station 1, in the open lake, there are very high
chlorophyll a levels and the TSS-VSS data are also elevated. The relatively high proportion of the TSS
represented by VSS at this station is consistent with high chlorophyll a levels.
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4.0 JOHNSON LAKE WATER LEVEL SIMULATION

This section presents an analysis of water level variations in Johnson Lake in response to various inflows
and outflows. The goal of the analysis is to be able to characterize the frequency distribution of Johnson
Lake water levels.

A Microsoft Excel spreadsheet model was developed to simulate the system. The simulation is essentially
a water balance calculation that accounts for inflow, outflow, and change in storage. The inflows include
runoff and the wastewater treatment plant effluent minus the diversion for golf course irrigation. Outflow
from the lake occurs when the water level is above the riser or drain structure, the top of which is at 985.7
feet. Figure 4-1 shows this structure. When the water level is above 1,000.7 feet, water will discharge
through the 250-foot-wide spillway in addition to through the riser. In the simulation, direct precipitation
on the lake, evaporation and seepage are also taken into account.

Figure 4-1. Top of riser

This section describes the data compilation of the data for the model, calibration of the model with the
level records described in the previous section, and a long-term simulation. The results of the long-term
simulation are then used to develop the frequency distribution of the water level of Johnson Lake. The
calibration provided an estimate of the seepage rate of the reservoir. The calibration was also intended to
provide estimates of coefficients in a runoff model. However, as explained below, this part of the
calibration turned out to be unsatisfactory. In the long-term simulation, the flow record of a gage in a
nearby watershed was used.
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Low Dissolved Oxygen in Johnson Lake 4: Johnson Lake Water Level Simulation

4.1 DATA COMPILATION
41.1 Precipitation Data

For calibration of the model, 15-minute precipitation data at Jacksboro (Cooperative Station ID# 414517)
were downloaded from the National Climatic Data Center (NCDC 2005). At the time of this study, the
data were only available up to January 2005 and there are also some missing data in the record. Therefore,
the data were supplemented with rain data recorded at the water treatment plant (WTP). The WTP rain
data are measured daily. The daily data were disaggregated into 15-minute data by assuming a series of
0.1-inch data spaced 1 hour apart and centered at noon.

For the long-term simulation, one of the challenges was obtaining a good set of precipitation data. The
Jacksboro Coop Station (#414517) does not have 15-minute or hourly precipitation data between 1978
and 2002. A nearby station, Jacksboro 1 NNE (#414520) has long-term 15-minute precipitation data.
However, there are many missing periods in the record. The nearest station that has a reasonable long-
term precipitation record is Lake Bridgeport Dam (#414972). The station is about 18 miles to the east of
Jackshboro.

It is not uncommon for weather data to have missing values. The periods of missing data in the
precipitation record at Lake Bridgeport Dam were reviewed. The annual rainfall amounts were compared
with the TWDB QUAD 409 data. Years with significant missing data issue were identified and not used
for the long-term water level simulation. As a result, from 1961 through 2002, 12 years of data were
eliminated and 30 years of data were considered useful for simulation. Figure 4-2 shows the cumulative
frequency plots of the TWDB QUAD 409 annual rainfall from 1961 through 2002 and the Lake
Bridgeport Dam data for the same period but with the “bad data” years excluded. It appears that the Lake
Bridgeport Dam data provides a reasonable representation of the Jacksboro area rainfall.

4.1.2 Evaporation

Monthly lake evaporation and precipitation rates for each one-degree quadrangle in Texas are available
from the Texas Water Development Board (TWDB) web site (TWDB 2005). The periods of data for
evaporation and precipitation are from 1954 through 2002 and 1940 through 2002, respectively. Johnson
Lake is located in QUAD 409. Since the period of data does not include the calibration period, the
evaporation rates for the calibration period have to be estimated. The following example illustrates the
procedure. October 2005 has a rainfall amount of 3.75 inches. From the TWDB monthly precipitation
data, the Octobers with similar rainfall amount were identified. The average of the corresponding
evaporation rates of these months was used as the evaporation rate for October 2005. The rate was
assumed to be constant throughout a month.
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FIGURE 4-2
CUMULATIVE FREQUENCY PLOT OF ANNUAL PRECIPITATION
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Low Dissolved Oxygen in Johnson Lake 4: Johnson Lake Water Level Simulation

4.1.3 Runoff

HEC-HMS Version 2.2.2 developed by the Hydrologic Engineering Center was used to simulate runoff of
the watershed. The watershed, along with the location of key features, is shown in Figure 4-3. To estimate
the precipitation excess that results in runoff, the Deficit and Constant-rate Loss Model in HMS was used.
It is a quasi-continuous model that continuously tracks the moisture deficit, computing it as the initial
abstraction volume, less precipitation volume, plus recovery volume during precipitation-free periods.
Initial values of model coefficients were estimated based on guidelines in the model manual and adjusted
in the calibration process.

414 Seepage
The seepage rate was adjusted during the calibration process.
4.1.5 Plant Effluent and Diversion

Daily average effluent discharge data were available from the wastewater treatment plant for the
calibration period. In the calibration, the discharge rate was assumed constant during the day. In the long-
term simulation, monthly averages were calculated from the available data and applied in the spreadsheet
model.

Monthly diversion data for golf course irrigation were available from TCEQ Surface Water Use Reports
from 2002 to 2004. Because the diversion amounts are computed from monthly electric consumption
records for pumping, the diversion was assumed to be constant throughout the month. The monthly
average wastewater flow and diversion data employed are as follows:

Discharge Diversion

Month (mgd) (mgd)
January 0.257 0.003
February 0.307 0.000
March 0.270 0.000
April 0.302 0.076
May 0.344 0.062
June 0.341 0.035
July 0.369 0.095
August 0.367 0.135
September 0.320 0.174
October 0.309 0.000
November 0.403 0.044
December 0.283 0.066

The discharge data are for July 2004 through June 2005. As this was a fairly wet year, the flows should be
conservatively high. The diversion data are for 2002—-2004.
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Low Dissolved Oxygen in Johnson Lake 4: Johnson Lake Water Level Simulation

4.2 MODEL CALIBRATION

Figure 4-4 shows the comparison between model results and the observed water levels during the period
of level recording. The model was calibrated by adjusting watershed runoff patterns and lake seepage to
achieve the level of agreement. The sharp increases in the observed water levels correspond to runoff
events. Since there is no gaged flow record in the LCC watershed, the runoff model was also calibrated
based on the lake level record. It is noted that the period is relatively wet so that there is no significant
drop in water level. Given the spatial variability in rainfall, limited data and other uncertainties in the
input data, the model appears to simulate the recorded lake level fluctuation reasonably well. The seepage
rate of the lake bottom was determined to be 0.1 inch per day (in/day) from this calibration.

Since the runoff model was calibrated to data representing a limited range of runoff conditions, a reality
check was made by comparing the runoff calculated by the model with the flow record at the USGS gage
08042700 on North Creek at Hwy 281. The gage is about 10 miles to the northwest of Jacksboro. The
flow record is available from August 1, 1956, through October 2, 1980. The gage has a contributing
drainage area of 21.6 square miles, whereas the LCC watershed at Johnson Lake has a smaller area of
7.35 square miles. The North Creek gaged flow was adjusted by a factor of 0.34 (7.35/21.6) and the
annual flow was compared with the LCC flow from the HEC-HMS model in Figure 4-5. 1t was found that
on average, the modeled flow was about 75 percent higher than the area-adjusted gage flow. It appears
that the model calibrated to the short relatively wet period produces too much runoff.

One approach would be to calibrate a runoff model for the North Creek watershed using the gaged flow,
and then apply the model coefficients to the LCC watershed. It is noted that the goal of this study is not to
produce a history of the Johnson Lake level, but to characterize the lake level frequency distribution.
Since the North Creek gaged record represents flow in an intermittent stream in the general area of LCC,
the area-adjusted flow of the North Creek gage appears to be a more representative input to the long-term
simulation of Johnson Lake level.

4.3 LONG-TERM SIMULATIONS

Figure 4-6 shows the modeled Johnson Lake level in a long-term simulation without effluent discharge,
using the area-adjusted gaged record for North Creek and records of local precipitation directly on the
lake. The results for 1972 to 1975 are not used because of the serious data problem in the precipitation
record in those years mentioned in Section 4.1.1. Figure 4-7 shows the frequency distribution of the water
level. About 33 percent and 16 percent of the time the water level is 2 feet and 4 feet below the riser,
respectively. The simulation indicates that in the absence of the effluent discharge, it would not be
uncommon for the lower reach of Little Cleveland Creek to not be impounded. The definition on an
intermittent stream is one that is dry for at least 1 week in most years. With 16 percent of the time (about
8 weeks/year) having an elevation lower than the deepest part of the creek, the lower part of LCC would
clearly be considered intermittent in the absence of a wastewater discharge.
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FIGURE 4-4
CALIBRATION OF JOHNSON LAKE WATER LEVEL SPREADSHEET MODEL
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FIGURE 4-5
COMPARISON OF ANNUAL FLOWS AT
NORTH CREEK GAGE AND LCC RUNOFF MODEL

—— North Creek near Jacksboro (area adjusted) — #— LCC runoff model

2000 -
1800 <
1600 4
1400 4
1200 -
1000 4

800 -

Annual flow (ac-ft)

600 -
400 4
200 4

O L) L) L) L) L) L) L) L) L) L

1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980

441399/050150 4-8



FIGURE 4-6
SIMULATION OF JOHNSON LAKE LEVEL WITHOUT EFFLUENT
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FIGURE 4-7
FREQUENCY DISTRIBUTION OF JOHNSON LAKE LEVEL (WITHOUT
EFFLUENT)
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Low Dissolved Oxygen in Johnson Lake 4: Johnson Lake Water Level Simulation

A long-term simulation with effluent discharge minus diversion was also performed. Figure 4-8 shows the
lake level and Figure 4-9 shows the frequency distribution of the water level. As expected, the water level
is higher with the discharge in operation and the lowest level is 2 feet below the top of the riser pipe. In
this case the lake at station 1 would be dry, but there would still be pools in the area around station 2.

441399/050150 4-10



FIGURE 4-8
SIMULATION OF JOHNSON LAKE LEVEL WITH EFFLUENT
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FIGURE 4-9
FREQUENCY DISTRIBUTION OF JOHNSON LAKE LEVEL (WITH EFFLUENT)
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5.0 QUAL-TX MODEL

In 1998 the TCEQ developed a QUAL-TX model of Little Cleveland Creek (LCC) and Johnson Lake.
That model was calibrated using data collected in September 1996, before the new WWTP began
operations. In this study, the TCEQ model is updated with new data from the June 2005 intensive survey.
This section first discusses the results obtained from TCEQ’s model. Then the calibration effort and
results are presented.

5.1 TCEQ’S 1998 MODEL

The model was originally developed from water surface elevation data, hydraulic data and chemical water
quality monitoring data from the September 1996 intensive survey, performed by consultants working in
opposition to the upgraded WWTP. In their calibration the TCEQ found that sediment oxygen demand
(SOD) was one of the primary factors controlling dissolved oxygen in the model. The model predicts the
DO concentration shown in Figure 5-1 under conditions of permitted wastewater flow and no wastewater
flow. The DO criteria assigned by TCEQ are also shown in the figure.

The model shows that the criteria are not met. However, several limitations need to be recognized. In the
no-discharge run the TCEQ assumed an upstream flow of 0.1 cfs. That is normal procedure, but it can be
misleading since the flow, 0.06 MGD, is roughly 20 percent of the actual average wastewater flow. In
reality, the stream is normally dry upstream of the discharge and if the wastewater were removed there
would be no flow in the creek under normal conditions. The other limitations are with the criteria
assigned. TCEQ Surface Water Quality Standards (307.4(h)(4) (TCEQ 2003) specifies that intermittent
streams, when water is present, have a 24-hour mean of at least 2.0 mg/L and a minimum of 1.5 mg/L.
The standards state that the appropriate criterion to apply in the LCC, when the discharge is putting water
in the creek, is 2.0 mg/L.

Figure 5-2 shows a profile view of the creek and lake elevations obtained in prior surveys. It can be seen
in this view that the portion of the creek between Km 0 and 1 is an impounded arm of the lake. A
photograph is shown in Figure 5-3. Physically it is narrow, heavily shaded by trees, and has little aeration
from wind because of the surrounding banks. If it were a lake it would have a presumed high aquatic life
use and associated DO criterion (5 mg/L). However, it is not the kind of water that most professionals
would consider a lake. Moreover, based on the analysis in the previous section where absent the discharge
the water level would drop out of this area for about 8 weeks per year on average, much more than “at
least 1 week during most years,” it is technically intermittent rather than perennial. Under TCEQ
Standards, when water is in an intermittent stream, the condition being modeled, a DO criterion of 2.0
mg/L is specified.
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FIGURE 5-1
RESULTS OF TCEQ'S MODEL
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FIGURE 5-2
SURVEY RESULTS OF LITTLE CLEVELAND CREEK
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Low Dissolved Oxygen in Johnson Lake

5: QUAL-TX Model

5.2

5.2.1

Figure 5-3. Lake arm near station 2

MODEL CALIBRATION

Hydraulic coefficients

Measurements of the channel width, depth, and velocity were made at six locations of the stream between
9:00 and 11:30 A.M. on June 14, 2005. The depth and velocity measurements were integrated across the
width of the stream to obtain the flow and the cross-sectional average depth and velocity. The flows,
average depths and average velocities are shown in Table 3-1. Because the stream is very small and
shallow, there is considerable variation in the measured flows from station to station, ranging from 0.003
to 0.015 cubic meters per second (m%s). Part of the variation is due to subsurface flow in the sandy
stream and part due to inability to measure flows in water a few centimeters deep. The effluent discharges
on June 14 and June 15 are 0.307 and 0.332 MGD, respectively. There was no diversion for golf course
irrigation on these days. The average discharge of the 2 days, 0.320 MGD (0.014 m®/s), was used as the
flow in the stream.

The TCEQ’s model is divided into 4 reaches with the hydraulic coefficients shown in the following table:

Begin End
Reach Reach Reach
ID Km Km Reach Description a b c d e
1 2.81 2.80 Flowing 0.2022 0.5 1.065 0.4 0.0
2 2.80 1.70 Flowing 0.2022 0.5 1.065 0.4 0.0
3 1.70 1.00 Beaver Dams 0.4291 1.0 0.0 0.0 0.55
4 1.00 0.00 Backwater 0.2638 1.0 0.0 0.0 0.56

V =aQ® D =cQ’ + e, Vis velocity (m/s), Q is flow (m*/s), D is depth (m).
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Low Dissolved Oxygen in Johnson Lake 5: QUAL-TX Model

The coefficients for Reaches 1 and 2 were determined using results of a dye study. This appears to be a
good set of measurements, and it was not considered necessary to revise the coefficients for Reaches 1
and 2.

Reach 3 consists of mainly pools. It was modeled with a constant-depth because of beaver dams.
Coefficient “b” in the equation V = aQb was taken as 1 and “a” was estimated as 1/(depth x width). The
coefficients in TCEQ’s model were estimated based on limited data. Therefore it was decided to revise
these coefficients with the new measurements following the same approach.

Reach 4 was impounded by the lake and was also modeled with a constant depth. In the September 1996
survey the lake level was at 984.7 feet. There was no elevation measurement for this reach in the June
2005 survey. However, the lake level was observed to be at the top of the riser (985.7 feet). Therefore, 1
foot was added to the depth coefficient “e”. Previously the average width was 6.77 meters and it was
assumed to be 10 meters in the 2005 survey.

In the updated model, two additional reaches were added to represent the lake beyond the mouth of the
Little Cleveland Creek. The hydraulic coefficients in the updated model are shown in the following table:

Begin End
Reach Reach Reach Reach
ID Km Km Description a b c d e
1 2.81 2.80 Flowing 0.2022 0.5 1.065 0.4 0.0
2 2.80 1.70 Flowing 0.2022 0.5 1.065 0.4 0.0
3 1.70 1.00 Beaver 3.415 1.0 0.0 0.0 0.16
Dams
4 1.00 0.00 Backwater 0.116 1.0 0.0 0.0 0.86
5 0.00 -0.10 Open lake 0.017 1.0 0.0 0.0 0.6
6 -0.10 -0.30 Open lake 0.0083 1.0 0.0 0.0 1.2
5.2.2 Reaction Rates

The reaction rates in TCEQ’s model were kept unchanged since the new data did not suggest that revision
was necessary.

523 Reaeration Coefficients

The Texas Equation was used to estimate reaeration rates for Reaches 1 to 3. However, the Texas
Equation when applied to Reaches 4 to 6 would result in values below the minimum allowable rates
calculated from 0.6/D (TCEQ, 2003). The minimum allowable rates were used for these reaches.
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Low Dissolved Oxygen in Johnson Lake 5: QUAL-TX Model

5.24 Sediment Oxygen Demand

In TCEQ’s model, the SOD rate was set at 1.9 g/m*-day for Reaches 1 and 2, and 1.5 g/m*-day for
Reaches 3 and 4. In the current calibration, the SOD was adjusted so that the modeled DO agreed with the
observed DO. In the updated model, the SOD is 1.5 g/m?-day for Reaches 1 to 4 and the default of
0.35 g/m*-day used for Reaches 5 and 6. Improved treatment that began in 1998 has reduced the organic
loading in the discharge that can become an oxygen-demanding deposit in the stream bottom. Therefore,
some reduction of SOD in Reaches 1 and 2 seems reasonable. Nevertheless, the SOD is still high in the
studied reaches.

5.25 Calibration Results

Figure 5-4 shows the calibration results. Note that the most upstream data point in the figure is
measurement at the outfall pool behind the dam and represents condition of the effluent. As mentioned in
Section 5.1, the average effluent discharge during the intensive survey was 0.320 MGD. This flow was
input at the upstream end of the model. As shown in Figure 5-4a, the conductivity data show a slight dip
between Km 1.5 and 0.5 but is higher further downstream. Other than that the conductivity was
essentially constant along the stream during the survey, suggesting that there was little or no inflow
between the effluent discharge point and the lake. The modeled conductivity drops slightly at the
downstream end of the model, apparently due to a default boundary condition not controlled by the user.

Figure 5-4b shows that the modeled DO matches the data reasonably well. With high chlorophyll a level,
supersaturation occurred in the lake (station 1). With heavy shading and limited reaeration, DO levels
were low in the lake arm (station 2). Chlorophyll a was not simulated in the model. However, the
chlorophyll a concentrations measured were input to simulate oxygen production due to photosynthesis.

In Figure 5-4c, the model results of CBODs show a significant decrease in Reaches 4 to 6 because of
higher residence times in these reaches allowing more decay to occur. Nevertheless, the CBODs level was
low in the stream and did not have much effect on the DO.

Figure 5-4d to 5-4f show the simulation of nitrogen species. As explained in Section 3, the higher values
of NHs-N at about Km 2 might be due to the cattle crossing. The model is not set up to simulate plant
uptake and may be the reason that the model results are higher than the data. Organic nitrogen is low in
the stream. As mentioned in Section 3, the observed pattern of NO3+NO2-N is hard to explain and no
attempt was made to match model results with data. This part of the model does not have a significant
impact on the DO simulation.
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FIGURE 5-4
QUAL-TX CALIBRATION RESULTS
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FIGURE 5-4 (cont'd)
QUAL-TX CALIBRATION RESULTS
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FIGURE 5-4 (cont'd)
QUAL-TX CALIBRATION RESULTS
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Low Dissolved Oxygen in Johnson Lake 5: QUAL-TX Model

5.3 MODELING WITH PERMITTED WASTEWATER FLOW
AND LOAD

The next step was to apply the calibrated model to critical conditions with the permitted wastewater flow
and load. The permitted flow is 0.7 MGD and the effluent concentrations for CBODs, NH3-N and DO are
10 mg/L, 3 mg/L and 4 mg/L respectively. The critical conditions are low flow with summer
temperatures. Figure 5-5 shows the DO profile with the permitted wastewater flow and load as input to
the calibrated model. Note that no chlorophyll is included in this model. Upstream of Km 1, a DO
criterion of 2 mg/L for intermittent stream is shown. Downstream of Km 1, the lake criterion of 5 mg/L is
shown since that part is impounded in the calibrated model. With the high residence time in the
impounded reach and high SOD, the DO level is well below the criterion. The DO level increases beyond
Km 0 because of the lower SOD.

For LCC, without the effluent discharge the stream would be dry under almost all conditions, including
critical conditions. Moreover, under critical conditions the lake level would likely be low and none of the
reaches in the model would be impounded. This is supported by the Johnson Lake level simulation
described in Section 4. Therefore, for evaluation of criteria attainment, it is more appropriate to treat the
lower reach as not impounded. Since no data were available to develop model coefficients for Reaches 4
to 6 when they were not impounded, they were assumed to have similar characteristics as Reach 3.
Therefore, the model coefficients for Reach 3 were repeated for Reaches 4 to 6. The resulting DO profile
is shown in Figure 5-6. Again no chlorophyll is included in this model. The DO is above the criterion for
an intermittent stream (2 mg/L) everywhere along the stream.

The hydraulic coefficients of Reach 3 are based on measurements at two locations in that reach. There
may be some areas of the pools that are deeper than the measured depths. A sensitivity run was made with
the depth doubled and velocity halved for Reaches 3 to 6. The DO profile is shown in Figure 5-7. The DO
is still above 2 mg/L everywhere along the stream.
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FIGURE 5-5
DO PROFILE UNDER CRITICAL CONDITIONS AND IMPOUNDED LAKE ARM
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FIGURE 5-6
DO PROFILE UNDER CRITICAL CONDITIONS (NO IMPOUNDED REACHES)
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FIGURE 5-7
DO PROFILE UNDER CRITICAL CONDITIONS (SENSITIVITY RUN)
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6.0 DISCUSSION AND CONCLUSIONS

As discussed in Section 2.0, Background on City of Jacksboro Wastewater Permit, there is a complex
regulatory tangle that has kept the City of Jacksboro TPDES wastewater discharge permit in stasis for the
past 5 years. Stated simply, the situation had evolved to the point where the TCEQ’s official water quality
model of the system indicates that no set of wastewater effluent limits, including higher treatment levels
or complete removal of the wastewater source, could meet the existing interpretation of water quality
standards. With this situation, the permit has been held between application and issuance since 2000. The
objective of this study is to find a way to untangle the regulatory backlash and allow normal permit
processing to proceed.

The major elements of the study include historical analysis, collection of new data, analysis of system
hydraulics and lake levels, a careful review of the existing Surface Water Quality Standards, and new
modeling of the system. At the end of the process a water quality model has been produced that follows
TCEQ procedures and Standards, and that indicates the existing (and previously recommended by TCEQ)
wastewater permit limits are appropriate.

The underlying reason this relatively unusual situation evolved was the problem of the lake arm. These
are the backwater areas of reservoirs that receive inflow from a tributary and are impounded by the
reservoir. They are typically narrow, tree lined, shielded from the wind, and may be somewhat deeper
than a corresponding location further downstream, where sediment deposition occurs. These are all
factors that are conducive to low DO levels. Attachment B presents a sensitivity analysis for these
parameters in backwater areas. When a tributary also receives a wastewater discharge there is more of a
supply of nutrients and the amount of biological activity is greater. In shaded and quiescent conditions,
this can further depress DO levels, as has been shown to be the case in LCC. In general, lake arms are not
at all representative of the lake that has a presumed “high” aquatic life use and a DO criterion of
5.0 mg/L. Applying this DO criterion to lake arms will (and has) produce many examples of non-
attainment. Most have not had the impact of this particular situation, but all have the potential to produce
regulatory problems. It is important to emphasize that while these are regulatory problems, they are not
water quality problems. While lake arms will have lower DO than the adjacent lake, they still support
aquatic life that appear to be characterized by large numbers and high diversity. The sheltered conditions
and heavy vegetation provide important habitat for lake fisheries.

There is a simple solution available that involves nothing more than a modification of TCEQ procedures.
That is to administratively define lake stations as those that are at least 50 feet (or some appropriate
distance) from the bank. The uses and criteria for tributary streams would apply moving downstream until
the lake is encountered. This is effectively what was accomplished in this study by documenting the
variation of the lake level and demonstrating that absent the artificial wastewater discharge, the creek
would be intermittent all the way to the lake at station 1. The advantage of the administrative solution is
that it deals in an effective manner with the problem while avoiding the cost and complexity of reservoir
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Low Dissolved Oxygen in Johnson Lake 6: Discussion and Conclusions

level analysis. In addition, there are reservoirs that have lake arms, but where the level analysis will not
help because they are kept at near constant level.

The conclusions of this study are:

1. Little Cleveland Creek is an intermittent stream throughout the area of analysis. When an intermittent
stream has water, in this case due to the wastewater discharge, the Standards state that the appropriate
DO criterion to apply is 2.0 mg/L.

2. When the QUAL-TX model is calibrated to new data using TCEQ procedures, it indicates that the
effluent set previously recommended by TCEQ’s predecessor agency (10 CBODs, 3 NHs-N, and 4
DO) easily attains criteria.

3. With that finding, the TCEQ will be able to issue the permit for the City of Jacksboro, ending half a
decade of regulatory entanglement.

4. The lake arm issue that caused this problem and that has caused regulatory problems in many parts of
the state, can be easily resolved by administratively defining a lake station to be at least 50 feet from
the shoreline in all directions. Samples collected in narrow arms would not be far enough from shore
to qualify as a lake station and would be considered a part of the tributary stream.
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INTRODUCTION

This study has been undertaken to investigate the potential impacts of the discharge from the
City of Jacksboro’s (City) wastewater treatment plant (WWTP) on the water quality of Little
Cleveland Creek and Johnson Lake. Effluent from the City’s WWTP is discharged into Little
Cleveland Creek northwest of downtown Jacksboro at a point approximately 3,000 feet north of
U. S. Highway 281 and 5,500 feet west of State Highway 148. The effluent flows down the
creek for approximately 0.8 miles (1.3 kilometers) to property owned by Mrs. Eva Hamman and
then through the Hamman property for another 0.9 miles (1.5 kilometers) to the main body of
Johnson Lake. Johnson Lake, which is a floodwater retarding structure constructed by the Soil
Conservation Service around 1950, has a normal pool surface area of about 160 acres and is
located entirely on the Hamman property. Below Johnson Lake, Little Cleveland Creek
continues to flow through the Hamman property, ultimately discharging into Big Cleveland
Creek and then into the West Fork of the Trinity River.

Above the City’s WWTP discharge, the flow in Little Cleveland Creek is intermittent, occurring
only in response to stormwater runoff during rainfall events. Downstream of the discharge, there
1s continuous flow in the creek as the effluent travels downstream to Johnson Lake. The Texas
Natural Resource Conservation Commission (TNRCC) has established water quality standards
and criteria for Little Cleveland Creek and Johnson Lake that are intended to protect existing
uses of these waters and that must be satisfied with the effluent discharged into the creek. For
dissolved oxygen, the adopted numerical standards are as follows:

Little Cleveland Creek 3.0 mg/L.
Johnson Lake 5.0 mg/L

The extent to which these dissolved oxygen standards will be satisfied with the proposed
increases in the pollutant loadings from the City’s WWTP discharge is the subject of this
investigation. To examine these impacts, field surveys involving stream channel geometry
measurements and water quality sampling have been conducted, and a stream water quality
model has been developed to simulate dissolved oxygen levels along the creek in response to
existing channel geometry and hydraulic conditions and the pollutant loadings discharged from

the City’s WWTP.

WATER QUALITY AND HYDRAULIC SURVEYS

In October, 1995,.a geometric field survey of Little Cleveland Creek from the City’s WWTP to
Johnson Lake was conducted by Clear Fork Surveying & Mapping Co., Inc. A copy of this
survey is attached to this report. Information from this survey has been used to locate specific
stream features, to establish water surface gradients based on measured elevations along the
stream, and to calculate stream distances (kilometers) as shown on the location map in Figure 1.

Surveyed water surface elevations along Little Cleveland Creek and a summary of other stream

geometry and hydraulic data at specific locations as measured and observed in the field are listed
in Table 1. The water surface profile along Little Cleveland Creek based on these data is plotted
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on the graph in Figure 2. As can be seen from the water surface profile plot in Figure 2 and as
has been confirmed visually in the field, Little Cleveland Creek between the City’s discharge
point and the main body of Johnson Lake generally is characterized by three hydraulically-
different reaches. The upper reach from just below the Concrete Dam at Station A2 near the
City’s discharge point downstream to just above the Hamman fence line at Station B (Kilometer
1.69) is basically free-flowing and has an average water surface slope of 0.0041. The middle

- reach from Kilometer 1.69 downstream to Debris Dam #3 (Kilometer 0.97) is characterized by

numerous pools and has a much lower water surface slope of 0.0010. Below Debris Dam #3, the
creek hydraulics appear to be controlled by backwater from Johnson Lake, with the water surface
slope essentially zero along this lower reach. In essence, this lower reach of Little Cleveland
Creek as depicted on the water surface profile plot in Figure 2 actually is the upper end of
Johnson Lake. Hence, the interface between the stream portion of Little Cleveland Creek and
the headwaters of Johnson Lake is at Debris Dam #3 as shown on the map in Figure 1.

A hydraulic and water quality survey of Little Cleveland Creek was conducted on September 10-
11, 1996. The purpose of the survey was to characterize stream channe] cross-sections and
velocities so that the hydraulics in the water quality model could be more accurately represented.
Water quality samples and field measurements also were taken during this diurnal survey. Field
measurements were taken at the following locations as depicted on the location map in Figure 1:

Station A Ouitfall Pool on Little Cleveland Creek below Jacksboro WWTP

Discharge and 2' above Concrete Dam (Kilometer 2.83+)
Station A2 Little Cleveland Creek 10’ below Concrete Dam (Kilometer 2.83-)
Station A3 Upper Reach of Little Cleveland Creek (Kilometer 2.23)

Station B Little Cleveland at Hamman Fence Line (Kilometer 1.50)
Station B2 Little Cleveland Creek at Pipeline Crossing (Kilometer 1.06)
Station C Little Cleveland Creek at Iron Bridge (Kilometer 0.77)

Measurements of water temperature, pH, dissolved oxygen, specific conductivity, and oxidation-
reduction potential at Stations A, A2, A3, B and C were taken approximately every three hours
except for the 2-3 a.m. time period. Measurements were taken approximately every six hours at
Station B2 due to the limited access. A tabulation of these measurements is presented in Table 2.
Water quality analyses for 5-day biochemical oxygen demand (BOD:s), total suspended solids
(TSS), ammonia nitrogen (NH3-N), Kjeldahl nitrogen as nitrogen (Kjeldahl-N), nitrites plus
nitrates (NO,,3-N), and total phosphorus (Total P) were conducted on composite samples taken
at Stations A, B and C. The results from these analyses expressed in milligrams per liter (mg/L)
are listed below:

BODs TSS NH;-N Kjeldahl-N  NO,,3-N Total P
Station A 19 53.3 <0.01 6.35 <0.01 1.43
Station B 14 26.7 <0.01 1.72 0.288 1.14
Station C 10 49 1.12 3.74 0.101 1.11

As indicated by the data collected during the water quality survey, even though the oXygen
demanding pollutants were moderate to low at the outfall pool (BODs = 19 mg/L, NH;-N =
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Date Time Weir Flow Flow

Depth

inches cfs cu m/s
09/10/96 17:00 1.375 0.229 0.00649
09/10/96 20:13 1.000 0.137 0.00388
09/10/96 23:05 1.100 0.160 - 0.00453
09/11/96 05:13 1.200 0.185 0.00524
09/11/96 08:03 1.200 0.185 0.00524
09/11/96 14:14 1.250 0.202 0.00572
Average Flow 0.183 0.00518

Flows at Station B were determined by measuring velocities across a transect using a pygmy
meter. The flows measured at Station B are as follows:

Date Time Flow Flow
cfs cu m/s
09/10/96 18:10 0.262 0.00742
09/11/96 14:33 0.246 0.00697
Average Flow 0.254 0.00719

Concurrently with the water quality study, a dye release was made in Little Cleveland Creek to
determine the average velocity of the stream under the existing flow conditions. Rhodamine Wt
was injected into the stream on September 10 just below the Concrete Dam and allowed to travel]
downstream overnight. The peak of the dye plume was visually located the following morning.
Several width measurements also were made at representative locations along the stream where
the dye study was conducted. Data from the dye study are as follows:

Date Time Location* Location*
kilometers feet
Dye Release 09/10/96 17:27 2.83 9,285
Dye Peak 09/11/96 07:57 1.97 6,464
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TABLE1 SUMMARY OF PHYSICAL MEASUREMENTS AND LOCATIONS

Stream Distance Water Water  Water Location Description
Surface Surface  Depth
Elevation Width

(km) (feet) (feet MSL) (feet) (feet)

2.83 9,285 WQ Station A (Above Concrete Dam)
2.83 9,285 Concrete Dam / Elev=1007.6 feet MSL
2.83 9,285 Dye Release (09/10/96 @ 17:27)
2.83 9,285 - WQ Station A2 (Below Concrete Dam)
2.81 9,220 1002.6

2.80 9,187 1001.1 -

2.76 9,056 - 3.0 Width Measurement

2.71 8,892 1000.9 -

2.67 8,760 1000.5 -

2.47 8,104 1000.5

2.44 8,006 998.4

2.39 7,842 996.9

2.27 7,448 996.7 -

2.23 7,317 995.6 10.0 WQ Station A3

2.21 7,251 993.6 -

2.15 7,054 992.6

2.09 6,857 992.3

2.06 6,759 991.7

2.02 6,628 991.4

1.97 6,464 - Dye Peak (09/11/96 @ 0757)
1.96 6,431 991.3 -

1.94 6,365 - 14.5 Width Measurement

1.90 6,234 - - Cow Crossing

1.85 6,070 991.2

1.83 6,004 991.2 Debris Dam #1 (upstream)

1.82 5,971 990.3 - Debris Dam #1 (downstream)
1.77 5,807 989.6

1.73 5,676 988.1

1.71 5,611 988.1

1.69 5,545 988.0

1.53 5,020 987.5

1.50 4,922 987.4 Hamman Fenceline / WQ Station B
1.49 4,889 987.4

1.32 4,331 987.3 Rock Outcrop #1 (upstream)

1.32 4,331 986.7 - - Rock Outcrop #1 (downstream)
1.31 4,298 - 14.3 1.4 Width RJB-8

1.29 4,232 986.7 - - Rock Outcrop #2 (upstream)

1.29 4,232 985.9 Rock Outcrop #2 (downstream)
1.12 3,675 985.9 Debris Dam #2 (upstream)




TABLE 1 SUMMARY OF PHYSICAL MEASUREMENTS AND LOCATIONS, cont'd.

Stream Distance Water Water  Water Location Description
Surface Surface  Depth
Elevation Width
(km) (feet) (feet MSL) (feet) (feet)
1.12 3,675 985.6 - Debris Dam #2 (downstream)
1.06 3,478 - 13.5 2.1 Pipeline Crossing / WQ Station B2
1.06 3,478 - 13.5 2.1 Pipeline Crossing / Width RJB-7
0.97 3,183 985.6 19.9 3.4 Debris Dam #3 (upstream) / Width RJB-6
0.97 3,183 984.7 - - Debris Dam #3 (downstream)
0.95 3,117 - 19.0 1.3 Width RJB-5
0.87 2,854 - 24.0 1.8 Width RJB-4
0.77 2,526 - - - Iron Bridge (Elev=988.5') / WQ Station C
0.75 2,461 18.8 1.0 Width RJB-3
0.62 2,034 - 26.2 2.0 Width RJB-2
0.47 1,542 - 25.4 1.6 Width RJB-1
0.18 591 984.7 - -
0.00 0 984.7 Mouth of creek at Johnson Lake




TABLE 2 FIELD MEASUREMENTS OF LITTLE CLEVELAND CREEK

Sampling Date: September 10-11, 1996

Sampling Time Water pH Dissolved Specific Oxyidation
Station Temperature Oxygen  Conductivity Reduction
Degrees C mg/L Potential

A 1707 27.0 9.0 7.4 0.787 0.202

2013 25.8 8.6 3.7 0.800 0.209

2305 25.3 8.5 2.5 0.803 0.264

0513 24.3 8.4 2.1 0.806 10.293

0803 24.0 8.3 1.2 0.815 0.308

1114 25.2 8.5 2.7 0.801 0.302

1402 26.8 8.9 6.9 0.793 0.250

Diurnal Avg 254 8.6 3.6 0.801 0.263

A2 1713 26.4 9.0 7.5 0.787 0.200

2017 25.7 8.7 4.2 0.787 0.201

2309 25.3 8.7 3.5 0.791 0.252

0517 24.5 8.5 2.5 0.794 0.261

0807 24.2 8.4 2.5 0.799 0.277

1118 25.2 8.6 4.7 0.788 0.267

1406 26.1 8.9 72 0.783 0.233

Diurnal Avg 25.3 8.7 4.4 0.790 0.243

A3 1740 26.4 8.1 7.4 0.816 0.228

2030 25.7 8.1 4.1 0.825 0.222

2321 24.6 7.9 2.3 0.831 0.283

0530 22.9 7.9 2.0 0.836 0.327

0817 22.3 7.9 2.1 0.839 0.347

1128 23.6 8.0 4.4 0.830 0.340

1423 257 8.3 7.8 0.822 0.284

Diurnal Avg 24.4 8.0 4.0 0.829 0.292

B 1751 24.7 7.9 6.6 0.815 0.257

2043 24.4 7.9 52 0.825 0.234

2336 24.0 7.8 3.5 0.829 0.300

0550 22.7 7.7 2.2 0.817 0.285

0828 22.3 7.8 2.0 0.831 0.360

1142 23.0 7.9 3.4 0.832 0.363

1433 24.0 8.0 2.9 0.828 0.326

Diurnal Avg 23.6 7.8 4.0 0.825 0.302




TABLE 2 FIELD MEASUREMENTS OF LITTLE CLEVELAND CREEK, cont'd.

Sampling Time Water pH Dissolved Specific Oxyidation
Station Temperature Oxygen  Conductivity Reduction
mg/L Potential

B2 1918 24.8 7.9 6.1 0.815 0.205

0031 23.6 7.8 4.3 0.820 0.283

0647 22.6 7.6 1.9 0.825 0.328

1234 23.6 8 34 0.820 0.355

Diurnal Avg 23.7 7.8 3.9 0.820 0.293

C 1901 25.2 7.5 2.3 0.805 0.213

2122 24.8 7.7 1.7 0.808 0.229

0016 24.1 7.5 1.5 0.812 0.237

0632 22.6 7.5 1.1 0.818 0.266

0903 22.3 7.7 1.2 0.820 0.354

1223 23.6 7.7 1.8 0.818 0.383

1526 24.0 7.8 2.2 0.822 0.361

b
[6))

Diurnal Avg 23.7 7.6 0.815 0.287
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Location* Width Width

kilometers feet meters
Width #1 2.76 3.0 0.91
Width #2 2.23 10.0 3.05
Width #3 1.94 14.5 4.42

* Location refers to distance upstream from the main body of Johnson Lake.

The dye plume was observed to travel approximately 2,800 feet in 14.5 hours resulting in an
average velocity of 0.0540 fps or 0.0165 m/sec. The average width of the stream channel along
the stream reach where the dye study was conducted was determined to be 9.2 feet or 2.8 meters.
Based on the streamflow that was measured at the time of dye release (0.229 cfs or 0.00649 cu
my/s), the average depth in the stream can be calculated by dividing the flow by the velocity and
width. The average depth calculated in this manner is 0.46 feet or 0.14 meters.

Another dye release to determine the velocity in the stream between Station B and Johnson Lake
was determined to be impractical for the scope of this study due to the length of time it would
take for the dye to travel through this sluggish reach of the creek. Instead, numerous Cross-
sections were taken to determine the width and depth of the stream between Station B and
Johnson Lake. By using the cross-sectional area computed from these measurements combined
with the average flow of 0.254 cfs (0.00719 cu m/s) at Station B, the average velocity of the flow
has been determined. The actual channel cross-sectional measurements are listed in Table 3 by
station number. A summary of the measured channel widths and average depths and the
calculated velocities for the middle reach and the lower reach of the creek is presented in the
following table.

Station Location Width Width Depth Depth Velocity  Velocity
kilometers feet meters feet meters fps m/s

Middle Reach

RIB-8 1.31 14.3 436 1.4 0.43
RIB-7 1.06 13.5 4.11 2.1 0.64
Average 13.9 4.24 1.8 0.54 0.010 0.00314

Lower Reach

RIB-6 0.97 19.9 6.07 34 1.04
RIB-5 0.95 19.0 5.79 1.3 0.40
RJB-4 0.87 24.0 7.32 1.8 0.55
RIB-3 0.75 18.8 5.73 1.0 0.30
RIB-2 0.62 26.2 7.99 2.0 0.61
RJB-1 0.47 254 7.74 1.6 0.49
Average 22.2 6.77 1.8 0.57 0.006  0.00186
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The sluggishness of the flow in these reaches is apparent from the extremely low velocities
indicated in the above table. The velocity in the lower reach is indicative of backwater
conditions as influenced by Johnson Lake.

WATER QUALITY MODELING

A simple Streeter-Phelps dissolved oxygen model of Little Cleveland Creek has been developed
to evaluate the impacts of various effluent levels discharged from the Jacksboro WWTP. In
structuring this model, the stream has been divided into three segments based on visual
observations and the field survey data. The upper segment extends from just below the Concrete
Dam at Station A2 to just above the Hamman fence line at Station B (Kilometer 1.7). The middle
segment extends from Kilometer 1.7 to Kilometer 1.0 near Debris Dam #3. The lower segment
extends from Debris Dam #3 to the main body of Johnson Lake at Kilometer 0.0; however, as
described above, this lower segment actually is influenced by backwater from Johnson Lake and
in fact, is part of the headwaters of Johnson Lake. 7

In the upper reach of the model, the exponential relationships between flow and depth and flow
and velocity were calculated based on the average values of velocity, depth, and flow from the
dye study. In the middle and lower reaches, the relationships were based on the measured depths
and widths. Because only one flow condition was observed during the field survey, it was
necessary to set the exponents and then solve for the coefficients. For the upper reach, the
coefficients in these equations were developed using the typical TNRCC default exponents of 0.5
(velocity) and 0.4 (depth). In the middle reach, the velocity exponent was set to 0.8, and the
depth exponent was set to 0.1 because of the numerous pools present and their effect on the
hydraulics. For the lower reach where the hydraulics are controlled by backwater from Johnson
Lake, the exponent for velocity was set to 1.0 and the exponent for depth was set to 0.0 since
width and depth were assumed to remain constant at the flows being modeled. The resulting
coefficients and exponents as specified in the model are listed below: '

Velocity Velocity Depth Depth

Coefficient Exponent Coefficient Exponent
Upper Reach 0.205 0.500 1.050 0.400
Middle Reach 0.163 0.800 ' 0.885 0.100
Lower Reach 4 0.259 1.000 0.570 0.000

Because the Streeter-Phelps model allows only one exponential equation, the velocities and
depths at the different flow conditions were calculated manually for the middle and lower
reaches and then input to the model. The same biological coefficients used by the TNRCC imits
previous water quality modeling of Little Cleveland Creek also were specified in the mode]

developed and applied in this investigation.

Three different effluent conditions for the Jacksboro WWTP have been evaluated with the
Street-Phelps model of Little Cleveland Creek. The first two correspond to the Interim and Final
permit effluent limitations as approved by the TNRCC. The third is an assumed Advanced
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Treatment effluent condition. Because the upper limit of the mode] corresponds to a point on the
creek just below the Concrete Dam near the WWTP outfall, an increase of 0.8 mg/L has been
added to the effluent dissolved oxygen concentration in the model to account for the reaeration
that occurs as the flow passes over the dam as observed during the sampling survey. The three
different effluent sets evaluated are summarized in the following table.

Effluent Flow Effluent Effluent Effluent Headwater
Set BODs NH;-N Dissolved Dissolved
Oxygen Oxygen
(MGD) (mg/L) (mg/L) (mg/L) (mg/L)
Interim 0.65 30 5 4 4.8
Final 0.70 10 3 4 4.8
Advanced 0.70 5 2 6 6.8
Treatment

Tables 4, 5 and 6 present the printout of the results from the model simulations corresponding to
the Interim, Final and Advanced Treatment effluent sets, respectively. Listed below are the
minimum values of the simulated dissolved oxygen concentration for each of the three effluent
sets for different reaches of the creek. In this table, the upper and middle reaches of the creek as
defined in this investigation and in the model represent true stream reaches, whereas the lower
reach actually is part of Johnson Lake since it is in the backwater of the reservoir. Comparison
of these simulated minimum dissolved oxygen levels with the TNRCC dissolved oxygen
standards for Little Cleveland Creek and Johnson Lake indicates violations of the standards for
all reaches under the Interim and Final effluent sets and for the lower reach under the Advanced
Treatment effluent set assuming this lower reach is subject to the Johnson Lake criteria.

Effluent Simulated Minimum Dissolved Oxygen Concentrations
Set Upper & Middle Lower
Reaches Above Km 1.0 Reach Below Km 1.0
(mg/L) (mg/L)
Interim 0.00 0.00
Final 1.48 1.39
Advanced 4.01 3.94
Treatment
Water Dissolved Oxygen Standards Adopted by TNRCC
Body Upper & Middle Lower
Reaches Above Km 1.0 Reach Below Km 1.0
(mg/L) (mg/L)
Little Cleveland Creek 3.0 3.0
Johnson Lake n. a. 5.0

July 1998 Little Cleveland Creek Water Quality Study Page 6 of 6




SHILINOTUM 'IHYT NOSNHOP 40 AQOg NIVIN WOH4 3ONV1SIq

00 50 o't 51 02 52 0€
T T T T ] T T T T T
“ . “ |
I i [ t
1 I 1 I
1 . i [ 1
| | .
I ! 1 0 4
o h i
"/ . “ 3 .
" . L - e
........ ot B
[ .- h
"\ ” " WAWININL e Q!
] i 1
1
- - - LL" P - - - —— - —- .“l -~ -—— |“..":l|l
- Y \ ] PiEpuBIS OQ %9810 pueeAs)) s ) .
o 1 !
t / | [ ” B
A F A
i | YV Too— 3 —_— | .
[ BERY - | L
“ \ > JOVHINY &
' ] @ 1 13 ]
- plepuBls OQ 9%e uosuyor T o g8 2
- 1 = i / nl i ' m -
- [e) J 5 ' [
L i mu “ \ ® ' 13
B rloe~ REER B e
: g g Te~_ g 5
T "o ~ 9 ! 'S
) =) S, 2] 13
L | , @ o o~ >
=3 i Dnm T 1z
'3 '3 1 ~ o | .
W R ! ~ WNixvw et
o 1~ 1 w 1 ~ —_— - ]
1 ! | ' e — - I 4
“ “ “ 1 R
L I t i -
. — SO 1 e SRS S Xlllell}l e e
- . yoeay N_m\so._ : ) -Haeay sippiy ] yoeay Jaddn '“
! 1 1 L 1 i 1 i 1 ! 1 Il L — ] | 1 1 i 1 1 1 Il i I, |

SINIWIHNSVIN NIDAXO AIATOSSIA 40 107d € 34n9I4

VOW ‘NOILYHLINIONOD NIDAXO A3ATOSSIA



"(1ueq 1sem) weansumop Bunioo AUEG 4B 81 1B 1ajem Jo aBps ay) i JuBWaINSEaW 80UBISIp Is1l By 188y Ul B1e syidep pue $80UBISI(] :8]ON

0 €0 80 51 61 €¢ 9¢ 0¢ sg 0z 71 L0 0L 00 wydeqg
¢'6¢ 082 092 0'%¢ 022 002 081 091 OvL 02t 00L 08 09 g€ aouelsig L-grd
00 80 20 60 /1 61 €¢ 92 0¢ 0¢ 6. 9¢ .v2¢ 6L .20 udeg
¢'0v 2’68 0'8E 09 0'be 0'zZg 00 0'82 092 0'v2 02z 00z 0'8L 09F 0¥ @duelSIg ¢-ard
00 €0 L0 20 90 60 ¢t SL 9L €1 90 uydeg
8¢ 022 002 08l 091 0¥ 0¢L 00L 08 09 0t oouBsIg e-dary
L't 81 €2 €2 62 9z V¢ 22 02 8L 21 60 90 90 yideQ
082 0'/g 0'Se 0'v2 022 002 0'8L 09L OvL 02 00L 08 09 0tv ®ouesig v-ard
80 80 91 21 21 21 g1 €t 'L 20 €0 uydeg
S¥¢ 8'€c 022 002 08l 091 O%L 0¢L 001 08 GG eouesIg S-ard
00 S0 Lt 2¢ 0v ¥ 0% 'S 9% 92 02 91 uydeq
S'€C 0€C 0'le 0'6L 0Ll 0SIL O€EL OLlL 06 0Z 0SS 9¢€ oouesIg 9-ard
00 €L €L 21 61 0% vie S¢ 9¢ 92 L2 92 9%z v'’c 00 udeg
S9L 091 OSL Ot OElL 021 Okl 00L 06 08 0Z 09 0S 0¥ 0t 8ouesig £-9rd
80 60 'V vL e 21 6L L1 60 00 uydeg
€91 091 0SL 0%l 02L 001 08 09 0¥ 0€ 0¢ ooussqg 8-ard

9661 'L1-01 1equeidag :ejeq Buydweg

MI3HD ANVIIAITID 310117 4O SINIWIHNSVIW NOILDIS-SSOHD € 319Vl




TABLE 4
MODEL OUTPUT FROM INTERIM EFFLUENT SET SIMULATION

TEXAS WATER COMMISSION
SIMPLIFIED STREETER-PHELPS STREAM MODEL

LITTLE CLEVELAND CREEK
JACKSBORO WWTP AT 0.65 MGD / 30 BODS / 5 NH3 / 4 DO INTERIM.DAT

METRIC UNITS

NO. OF STREAM SEGMENTS = 3
STEP SIZE = .10 KILOMETERS
MODEL ANALYSIS CEASES AT STREAM DISTANCE .00 KILOMETERS
K2 CALCULATED BY THE TEXAS REAERATION EQUATION
HYDRAULICS CALCULATED BY EQUATIONS V= .205*%Q** 500 D= 1.050*Q** .400
DIST KD KS KN- DEPTH WIDTH VELO TEMP FLOW BOD NH3 DO
KM 1/bA 1/DA 1/DA M M M/S DEG C CMS MG/L MG/L MG/L
2.80 .10 .00 .30 .25 3.25 .03 30.00 .02848 69.00 5.00 4.80
1.70 .10 .00 .30 .62 4.86 .01 30.00 .00000 .00 .00 00
1.00 .10 .00 .30 .57 6.77 .01 30.00 .00000O .00 .00 :OO
DIST DO BOD NH3 FLOW DOSAT K2 KD KS KN
KM MG/L MG/L MG/L CMS MG/L /DA 1/DA 1/DA  1/DA
2.80 4.80 69.00 5.00 .0284s8 7.54 3.16 .16 .00 .67
2.70 4.28 68.64 4.89 .02848 7.54 3.16 .16 .00 .67
2.60 3.82 68.27 4.78 .02848 7.54 3.16 .16 .00 .67
2.50 3.41 67.91 4.68 .02848 7.54 3.16 .16 .00 .67
2.40 3.06 67.55 4.57 .028438 7.54 3.16 .16 .00 .67
2.30 2.76 67.20 4.47 .02848 7.54 3.16 .16 .00 .67
2.20 2.50 66.84 4.37 .02848 7.54 3.16 .16 .00 .67
2.10 2.27 66.49 4.28 .02848 7.54 3.16 .16 .00 .67
2.00 2.08 66.14 4.18 .02848 7.54 3.16 .16 .00 .67
1.90 1.92 65.79 4.09 .0284s8 7.54 3.16 .16 .00 .67
1.80 1.78 65.44 4.00 .02848 7.54 3.16 .16 .00 .67
1.70 1.67 65.10 3.91 .028438 7.54 3.16 .16 .00 .67
1.70 1.67 65.10 3.91 .028438 7.54 .99 .16 .00 .67
1.60 00 63.85 3.61 .02848 7.54 .99 .16 .00 .67
1.50 00 62.62 3.32 .02848 7.54 .99 .16 .00 .67
1.40 00 61.42 3.06 .02848 7.54 .99 .16 .00 .67
1.30 00 60.24 2.82 .02848 7.54 .98 .16 .00 .67
1.20 00 59.09 2.60 .02848 7.54 .99 .16 .00 .67
1.10 00 57.95 2.40 .02848 7.54 .99 .16 .00 .67
1.00 00 56.84 2.21 .02848 7.54 .99 .16 .00 .67
1.00 00 56.84 2.21 .02848 7.54 1.00 16 .00 67
30 00 55.45 1.99 .02848 7.54 1.00 16 .00 67
80 00 54.09 1.80 .02848 7.54 1.00 16 .00 67
70 00 52.7¢6 1.62 .02848 7.54 1.00 16 .00 67
60 00 51.47 1.46 .02848 7.54 1.00 16 .00 67
50 00 50.21 1.31 .028438 7.54 1.00 16 .00 67
40 00 48.38 1.18 .02848 7.54 1.00 16 .00 67
.30 .00 47.78 1.07 .02848 7.54 1.00 16 .00 67
.20 .00 46.60 .96 .02848 7.54 1.00 16 0]0] 67
.10 .00 45.46 .86 .028438 7.54 1.00 16 .00 67
.00 .00 44 .35 .78 .02848 7.54 1.00 16 .00 67

MINIMUM DISSOLVED OXYGEN = .00

S —
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TABLE 5
MODEL OUTPUT FROM FINAL EFFLUENT SET SIMULATION

TEXAS WATER COMMISSION
SIMPLIFIED STREETER-PHELPS STREAM MODEL

LITTLE CLEVELAND CREEK
JACKSBORO WWTP AT 0.70 MGD / 10 BODS / 3 NH3 /4 DO FINAL.DAT

METRIC UNITS

NO. OF STREAM SEGMENTS = 3
STEP SIZE = .10 KILOMETERS
MODEL ANALYSIS CEASES AT STREAM DISTANCE .00 KILOMETERS
K2 CALCULATED BY THE TEXAS REAERATION EQUATION
HYDRAULICS CALCULATED BY EQUATIONS V=  .205*Q** .500 D= 1.050%*Q*+ _400
DIST KD KS KN DEPTH WIDTH VELO TEMP  FLOW BOD NH3 DO
KM 1/DA 1/DA  1/DA M M M/S DEG C CMS  MG/L MG/L MG/L
2.80 .10 .00 .30 .26 3.28 .04 30.00 .03067 23.00 3.00 4 80
1.70 .10 .00 .30 .63 4.89 .01 30.00 .00000 .00 .00 .00
1.00 .10 .00 .30 .57 6.78 .01 30.00 .00000 .00 .00 .00
DIST DO BOD NH3 FLOW DOSAT K2 KD KS KN
KM  MG/L  MG/L MG/L CMS  MG/L  1/DA 1/DA 1/DA 1/DA
2.80 4.80 23.00 3.00 03067  7.54  3.10 .16 .00 .g7
2.70 4.69 22.88 2.94 .03067  7.54 3.10 .16 .00 .g7
2.60 4.59 22.77  2.87 .03067  7.54  3.10 16 .00 67
2.50 4.51 22.65 2.81 .03067  7.54  3.10 16 .00 67
2.40 4.44 22.54  2.75 .03067  7.54  3.10 16 00 67
2.30 4.39 22.42  2.69 .03067  7.54  3.10 16 .00 67
2.20 4.34 22.31 2.64 .03067  7.54  3.10 16 .00 67
2.10 4.31 22.19 2.58 .03067  7.54  3.10 16 .00 67
2.00 4.28 22.08 2.53 .03067  7.54  3.10 16 .00 67
1.90 4.27 21.97 2.47 .03067  7.54  3.10 16 00 67
1.80 4.26 21.86  2.42 .03067  7.54  3.10 16 .00 67
1.70 4.25 21.74 2.37 .03067  7.54  3.10 16 .00 67
1.70 4.25 21.74  2.37 .03067  7.54  1.00 16 .00 67
1.60 3.52 21.35 2.19 .03067  7.54  1.00 16 .00 67
1.50 2.93 20.97 2.03 .03067  7.54  1.00 16 .00 67
1.40 2.47 20.59 1.88 .03067  7.54  1.00 16 00 67
1.30  2.10 20.21 1.74 .03067  7.54  1.00 16 .00 67
1.20 1.82 19.85 1.61 .03067  7.54  1.00 16 .00 67
1.10 1.62 19.49  1.49 .03067 . 7.54  1.00 16 .00 67
1.00 1.48 19.14  1.38 .03067 7.54  1.00 16 .00 67
1.00 1.48 19.14  1.38 .03067  7.54 1.02 16 .00 67
90 1.40 18.70 1.26 03067  7.54  1.02 16 .00 67
.80 1.39 18.27 1.14 .03067  7.54  1.02 16 .00 67
.70 1.43 17.86  1.03 03067 7.54 1.02 16 .00 67
.60 1.51 17.45 .94 03067  7.54  1.02 16 .00 67
50  1.62 17.05 .85 .03067  7.54  1.02 16 .00 67
40  1.77 16.66 77 03067  7.54  1.02 16 .00 67
30 1.92 16.28 .70 03067  7.54  1.02 16 .00 67
20 2.09 15.91 .64 .03067  7.54  1.02 16 .00 67
10 2.27 15.55 .58 03067 7.54 1.02 16 .00 67
00 2.46 15.19 .52 03067  7.54 1.02 16 - .00 67

MINTMUM DISSOLVED OXYGEN = 1.39




TABLE 6
MODEL OUTPUT FROM ADVANCED TREATMENT
EFFLUENT SET SIMULATION

TEXAS WATER COMMISSION
SIMPLIFIED STREETER-PHELPS STREAM MODEL

LITTLE CLEVELAND CREEK

JACKSBORO WWTP AT 0.70 MGD / 5 BODS / 2 NH3 /6 DO ADVNCD.DAT
METRIC UNITS
NO. OF STREAM SEGMENTS = 3
STEP SIZE = .10 KILOMETERS
MODEL ANALYSIS CEASES AT STREAM DISTANCE .00 KILOMETERS
K2 CALCULATED BY THE TEXAS REAERATION EQUATION
HYDRAULICS CALCULATED BY EQUATIONS V= .205%Q** 500 D= 1.050*Q** _.4Q0
DIST KD KS KN DEPTH WIDTH VELO TEMP FLOW BOD NH3 DO
KM 1/DA 1/DA 1/DA M M M/S DEG C  CMS MG/L MG/L MG/L
2.80 .10 .00 .30 .26 3.28 .04 30.00 .03067 11.50 2.00 6.80
1.70 .10 .00 .30 .63 4.89 .01 30.00 .00000 .00 .00 .00
1.00 .10 .00 .30 .57 6.78 .01 30.00 .00000 .00 .00 .00
DIST DO BOD NH3 FLOW DOSAT K2 KD KS KN
KM  MG/L MG/L MG/L CMS  MG/L 1/DA  1/DA 1/DA 1/DA
% 2.80 6.80 11.50 2.00 .03067 7.54 3.10 .16 .00 .67
' 2.70 6.64 11.44 1.96 .03067 7.54 3.10 .16 .00 .67
2.60 6.50 11.38 1.92 .03067 7.54 3.10 .16 .00 .67
2.50 6.38 11.33 1.88 .03067 7.54 3.10 .16 .00 .67
2.40 6.27 11.27 1.84 .03067 7.54 3.10 .16 .00 .67
2.30 6.17 11.21 1.80 .03067 7.54 3.10 .16 .00 .67
2.20 6.09 11.15 1.76 .03067 7.54 3.10 .16 .00 .67
2.10 6.02 11.10 1.72 .03067 7.54 3.10 .16 .00 .67
g 2.00 5.96 11.04 1.68 .03067 7.54 3.10 .16 .00 .67
| 1.90 5.91 10.98 1.65 .03067 7.54 3.10 .16 .00 .67
1.80 5.87 10.93 1.61 .03067 7.54 3.10 .16 .00 67
1.70 5.83 10.87 1.58 .03067 7.54 3.10 .16 .00 .67
1.70 5.83 10.87 1.58 .03067 7.54 1.00 .16 .00 .67
1.60 5.36 10.68 1.46 .03067 7.54 1.00 .16 .00 .67
1.50 4.97 10.48 1.35 .03067 7.54 1.00 .16 .00 .67
1.40 4.67 10.29 1.25 .03067 7.54 1.00 .16 .00 .67
1.30 4.42 10.11 1.16 .03067 7.54 1.00 .16 .00 .67
1.20 4.24 9.92 1.08 .03067 7.54 1.00 .16 .00 .67
1.10 4.11 9.74 1.00 .03067 7.54 1.00 .16 .00 .67
1.00 4.01 9.57 .92 .03067 7.54 1.00 .16 .00 .67
1.00 4.01 9.57 .92 .03067 7.54 1.02 .16 .00 .67
.90 3.96 9.35 .84 .03067 7.54 1.02 .16 .00 .67
.80 3.94 9.14 .76 .03067 7.54 1.02 .16 .00 .67
.70 3.96 8.93 .69 .03067 7.54 1.02 .16 .00 .67
60 4.01 8.72 .63 .03067 7.54 1.02 .16 .00 .67
.50 4.08 8.53 .57 .03067 7.54 1.02 .16 .00 .67
.40 4.17 .8.33 .52 .03067 7.54 1.02 .16 .00 .67
30 4.27 8.14 .47 .03067 7.54 1.02 .16 .00 .67
20 4.37 7.96 .42 .03067 7.54 1.02 .16 .00 67
10 4.49 7.77 .39 .03067 7.54 1.02 .16 .00 .67
00 4.60 7.60 .35 .03067 7.54 1.02 .16 .00 .67

MINIMUM DISSOLVED OXYGEN = 3.94
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City of Jacksboro
Routine Monitoring Program for Little (“levc!and Creck
~ |Sampling Date: A' /20/0& -1999
/ , \ ‘
[ o Loe- /L/ /}7 Temp-eraturc Dissolved
‘ ation time (C) Oxygen (mp/l) plt : comments / potes
00 .32 | 214 9.1& | /<0
A .37 | /3.8 | 5,95 | 224 |iwaleR muwRky Feom Aainw Fn/)
A2 (ST, 15,y 7.5 | 7, Fl';’ v L
awe |\ Ziyz | /¢ | %498 | 7,75 |7 ! e
M1 Eiye )l Sy TS | 7,77 ' 74 oo P
am | €i5p | /8,9 | 379 | 2.74 | 7 " AL
o iy | 19 | 297 | 278 | 4 " " |
lme |20 /5,3 | 3.2%17275 | 4 /) gy
it |23 | /9w | 3,35 |7 7¢ /) i h 7
B2 | P (L5 | 20y |'7.72 4 A pr._
e 1%y | /%2 | 185 2,726 | 4 S
lee | 707 | 193 | 2,30 | 7.8 | * L o
e | 73R 1 9.5 | 2237 | 2,00 [ 7 i b
@ OTHER CONDITIONS . METER CALIBRATION
weather conditions: '
temperature: ' p1t D.0.
[ — oot 200 252
. ' ~ cutibration g5, 9% /7,42
ﬂo*iln c.r_eelc abhove wwip discharge (ycsllm)nu): standord - P L
| . | :‘;ot:v:;zplh M[c:::,(f.l]grw"m ete dam calibration /2,77
)

tertifi catxon

s
‘C;_/Z,// i / fq’"””& " Z. (signature)
/’;;/ /rﬁp/ﬂy (datc) ‘

\\
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PAGE
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© |City of Jackshoro

Routine Monitoring Program for Litile Cleveland Creek

Sampling Date: 3 Y -2 200 _-1999
/ \
' : Loc- W /77 Temp-eroture | Dlssolved ,
, rtion lime (&) Oxypen (mp/l) pli commenis / noles
' o ___| /' o4 19,89 977
' a LAY | 20,6 | 0,35 | 770 | Eeb
A2 Lh21 | 206 | /2,27 | 7.92
faoe ] S2A ) 909 | 7501 7 FF) ) mnom s
A L1 D) 22, Y |" 2.7 | 7.9¢ :
A L, 32 | /8.7 | 9.0l | 7.97
b L3¢ | 12,9 | Ja,05 | 7.8¢
" IBIe /;3 9 (8.7 /J;Ql 7.95
- Bir [y 4] | /5,7 | /2,20 1. /¢
b2 1149 | /906 | 2.8/] 2. 91 |
e (193] %9 | 5, 4S| 7:F
oo | /297 | 200 | y.xa] 2.9
leie 2 I0R /9.4 /LS8 7,97

i OTHER CONDITIONS
: Iweather conditions:

 |temperature: 7 &
; [cloudy/clear: Pl !
| wind: 22 mpPh @,

-

(StaA)__ 7”

flow In ereel above wwip discharge (yes/none):

1

low depth at cenfer of conerete dam

. METER CALIDRATION

plt D.O,
standard 7, 20 é, 75
salibrofion 7, s> K, Z 2

standard /7, 2

enlibration /2 4

t

tertification:

e

)
T
i

' Y i
o Al
r

(signature)

s o
3

3 2y- 2000

(date)
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City of Jacksboro
Rautine Monitoring Program for Litile Cleveland Creck
. . |[Sampling Date: __2 - ST o -1999
/
Loc. Temp-erature Dissolved
atlon lime (C) Oxypen (mg/!) plt comments / joles
I -
o1 |82 177 /8,00 [t 2t
s f; -3 .
A & /5. u S5 L |7
.t |4
a2 |30 /B | By | ¥eh
v oA . . or
As-100 | 8740 SE R el /7! .
oy Eh 2 g Pim
A3 S 42 /34 e 5 75 '
( [ o e s Jor s
Aln 5)7:4!5 /2»,)) SR S5y
P 17 ) 2 - i P
B |85 2.4 (75 Zo8.
oy oll A L S
Ble 7[[? /'4‘“/ i /——' Z/D
2wt . ; -~ o
BIF 70s 2,0 —/:'lr’“ 4 4[{ e
€ N
I DAL /7,9 £97  |gos
7
C 715 /20 o Le éi-;’;;e.: .
" - . P
- iCle (?? )‘2 i ‘/ 2.9 'f'j' i c",’be.
' g™ ,rA o ’ 'Avv
e |77 2 A N L VAL
OTIIER CONDITIONS . . METER CALIBRATION
weather conditions: ’ 0 -
lemperature: _ g4 & : r e
[ , 9
- [cloudy/ctear:_ standard a{‘,g}ﬂ' bl
wind: Caelpgn, ) S
calihration ’Z ", o7 S g’p 15' E
.[Mow In ereelc above wwip discharpe (yesimone):
Ao £ : £ ' ) sﬂanéard ~7,ﬂ Fij
‘[flow depih at center of conerele dam enlibenton Jo 72
(Sta AY: s _impch '
tertification:
> ""_.‘,a-"""f e o
A g W = (signature)
1
1 -7 g (date) ’
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City of Jacksboro ki
Routine Monitoring Program for Lit(le Gleveland Creek
Sampling Date: ___ / /2 9 / 4 -1999
Loc- / /7 7 Temp-erature | Dissolved
nlion thne © Oxypen (ag/l) pli comments / noles
0ol Y [, Y ¥ep | 2 ¢S
A }25 /5, ) T.us| 225
A2 /] 1/ /3,/' .02 | 7, 9p
ptov | /9 3 [2,2 ) 12,79 $.0%|.
+ A3 LiAS ] 12.p]) 73 23] 40 '
anm [ /jag | /39 | I4CE) g5 .
B L0391 0.0 | Ih LS| 2,28 | BEAVER ppas Tes/ Bl
e | J'39] /0.7 | 1762|744
s (o | 12,5 | 12.2¥] 7 L3
82 | Ji A9 | /o3 | 14,03 7,13
e 11:53 ) s | 4930|755
e 11i5% | .9 | Jtan| 2,48
e (2031715 | 14,99 %0t
] OTIIER CONDITIONS . METER CALIBRATION
: llvesther conditions: 2 A
 [lemperature: 4 g , 5 il P-0.
o 7 it 208Dt

l

2.0

; ﬂow In creele ahove wwtp discharge (yes/none):

‘ [ M&'ﬂf

Mow depih nt cenler ol concrete dam

f (Sta A):

calibralion Z, 2 L

standard - /P . Q&
ealibralion /0.& L

_ 2,20

Atertification;

o+ ’
%’@. /g/:w R il £
[ - *

(signature)

/m)_

(cdate)

//zd
i 7
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City of Jacksboro
_|Routine Monitoring Program for Little Cleveland Crock
 |Sampling Date: /2//{l /K,// 7 -1999
Loc- /% 77 / Temp-crature | Dissolved
ation lime (C) Oxypen (mg/!) pil comments / nolcy
001 £.uz 4.1 /3% 7.3l
- 7
A <. 582 Y, S 40 | 7 LS
. a2 ?:Sf D . 2,82 2.5
e | Plep | 273 | K wel| 73¢
MV Tipy | 7,3 |0 45 7,24 ‘
o |27 | £33 | 555 7.9,
B 9,// é/j ?1,70 71 ZA
e | 77/¢ | Ly 90720,
BIF g9 1 L ., 7. 25 7,43 ‘b :
m | 727|579 | § (%7 3¢ /Z”jf?gfnvfﬁ’ Daas pboyy
14132159 | 247 704 [\ Tlow Bpizpe
ce | 2°3Y 6,0 | % uil 715 | 20 hick BEAVER Dom (|
lete us| 5.p ?, 0? 7.0/ 1 rwd gésf o | £
OTHER CONDITIONS , METER CALIERATION
weather conditions: '
femperature: il PO
cloudy/clear: __~ /& 2 X L ar /
wind: 5w/ & ks il 222 Z af?,
i 4 colibration_ 7.5 ¢ R
|Mow In ereek above wwtp discharge (yes/none): ' '
/o€ stondard _/p 228
:]sot:';:;::)th 3! ::e;lﬁr of concrete dam enlibration _ 28 2 ¢

tertification:

(sipnature)

(date)

/27//{/??’

R,
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CIT OFJACKSBORO

PAGE @7

: |City of Jackshoro

Routine Monitoring Program for Littic Cleveland Creek

HHhc He

: Sampling Date; //29 -1999
: ‘| Loc- Temp-erature | Dissolved
! atlon tUme (<) Oxypen (mg/l) pIt comments / noleg
.lloox ]:¢% 20,5 7L/ 7 g/
-l Laeyl )L 7| 872 | 7¢)
- as Lizg | 4.2 | 3T | 809 | ) swoess
aswoor | J33 ) Jya | 4025 2,70
A2 1,35 4h f |-2/.92] 2,77 !
o Vi3 120 | JysS | 277
s [r'43 | /.3 | 242 |7 8%
e [/ Aa | 4t [2.5D| 7. L2
LT WAL= W7 /oL ) 2 é 2
/038 | e | S.451 257 | BEstER Dan pag welr
e 1200% | /0% | 7 4yl 745 |26 )5 TERER Thar wor ma T hom
e | 2003 | ), ¢ 2. 22 Lug |
ce | /e | 129 | 080|742
good Flow RN The way 7o Lpfe

. OTIIER CONDITIONS
weather cnndlﬁnng:
temporature: 5

cloudy/clear: _ >/ /¢ '
| wind: 2 ﬂ?f/éz

H | ?_ %g .
(StaA): 2.0 o,

i
-|Mow In ereek ahove wwip discharge (yes/none):

Mow depth at center of concreie dnm

METER CALIDRATION

plt n.o.

sandard 2,100 5,82
calibrtion 2 £ 4. €5
standard Zéﬁ.&.
libentlon i

.

—————————

kertification:

(signature)

/4/?3&,/9?

_ (daie)
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PAGE @8

City of Jacksboro

Routine Monitoring Program for Little Cleveland Creek

Sampling Date: __ /J —2.# <~ § 7 -1999
| 20
Loc- Temp-eratwre | Dissolved
ation time © Oxygen (mg/l) pH comments / notes
o | 202G 1 223 F00 | TES| m) owmins
A €331 1725 | 5.5¢ 2473
A2 .34 | /20 203 25K M nernis
mw |G ys |l 15,9 | fi5s| 249
o |F u3 | 5.9 9. 90| 7.0
s NF A7 | g fe | )),2F| 2.5 miivrpws
B ¥.sn | 14.5 | 7% | 2.45%
pie | 8092 | Mo | [5p0 | L ¥ an e s
o | Topp 127 | 15y 72p0] miwaews
B2 Loy | 135 | 1,00 468
c Ty | J3.3 | 7.43| £:5/
ce | Tido | J3% | Spd| b.ys5| F'sh
ce |929 | 13,5 20| £ 45| mmiveoems

?aoal Flow BRI THE w,m;’/ 12 LpkE, WRTER /i wp ,{-),

Go7 7o) TwRuss

“ Mow in creck ahove wwip discharge (yes/mone):

Al e

Mow depth at ce}uer of concrete dam
StaAy .5 [ ae h [N

OTIER CONDITIONS . METER CALIBRATION
weather conditions: 2 '
fempcerature; o plt D.0.
cloudy/clear: & /£ R e , p 83
standard 2 g9 7
wind: 2 pn fiv 2 _ﬁJ__

calibmﬁonJ ' '}’?‘? é:. ﬁ‘ﬁ)

sndard /2. A)

ealibration __/ 2y D&

certification;

4
."',.;f .
.‘/ ,’L:f‘;‘émmff:‘i.mﬁ e

(signature)

-
it P

/g,)-"?, >t

(date)
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18/27/2883 16:08 3485675490
Cily of Jacksboro ; t‘—] ]
Routine Monitoring Eggmm for Liitle Clcvcland Cxcek !
Sampling Date: 2o~ 77 -1999° S
; )

Loc- / f 777 Temp-eratore | Disselved
ation time (C) Oxygen (mg/l) ph

comments / notes

oot 7,25 ¥t | S0 | 7.53

A 1980 /96 [Le o7 | Dukt | /e ppurs
ne 732 /704 477 | Fn& | mmiwiiows
mewo | 7,38 | 4.5 | 787 | L5 NI xtp) S
[ Zihp | a b (8o | 205 | aplewsw s
Adn C?,"f#ll L g 7,37 5. 97 M w204

/ .
s _|Pivs | 157 | 3,50 | Jps

N, WS

ML P /S

e | 7:5% | Jeof |52y | 229
BIf 7252 15:72 | £. /5 | 729

2w nep s S /Mcm; hooy H/ous)

B2 Wiobs | 122 |32, %8 |2,27

VD S erd

c /piw | b2 |} 92 | 2./9

Mo s

ce | [Pl | /70 | £.,28| 7.0

ce (/0,24 | Je. ) | B39 17 7

M, Moy S

OTHER CONDITIONS
weather conditions:
temperature: 5
cloudy/clear; c/EnR
wind: .S s Wl’rpwé

flow in ereek above wwip discharge (yes/monc):

o E

Mow depth at cenler of conerete dam
(Sta A):

. NIETEIR CALIBRATION

- pll D.0.
standard 7 L0 =/2: 7 12
calibration 7, &/ é,{) /
standard 22, o0

enlibration /2, ©D

cerlification:

T o /é’ spifo— &

(signature)

(date)

9‘3},’9 - ?9
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PAGE 18

) /.” N
s R
4}.,("' ',,u" R 2 ol ! A é
ki 4

et

(signatyre)

23 - 7P

(date)

City ol Jacksboro et . N
Routine Monitoring Program for Little Cleveland Creck '+ - &
Sampling Date;_7—2. % = 7 -1999 Y
Loc- lﬂﬂ? Tempecraturs | Dissolved
ation time C) Oxypen (mg/h) ph camments / noles
ot | /73] 245 ém 262 10w npad S
A 1290 122,91 L. 4717249
re NS4 1230 | 7,50 | 743 | miawrow s
r
o 1 g G (A0, | Biyy (2,48 | e o
(LS (A0, 6 | K 77174/ |y wrows
Adn I'Ae 1 18,3 | %, é,‘/ 7 4p i Mupus
B 202 /5. .00 |7 2v 21, w2 1S
e | 2\/0 | 19,518 951732 | m wwows
BIf 202 | /8.2 1% ¥¥][7 25 LN g S
B2 222 | /18.p 12.9% 17, Ly
c_ |2'25] /9.2 /9 | 7.3%
cle | 2331 21,9 | 215 | 7 4 | pos waweows
Cle 2:3? g‘/} ?, //[ ?é 7[ (Y]’a‘ W?/,ﬂ/ll/awg ’
WATER CTEAR P THE wRY FRarm 201 72 cTE, SEE BPPRZ, 3,5 dréfF
Gooel Fhuw All The wny Tp kekf,
OTHER CONDITIONS . METER CALIBRATION
weather conditions:
temperature: £ il Do.
clondy/clear: __ 2 & simdard 7. 00O
wind: § @ 5B sinnderd .50
e ’ eadibration _éi?_ C:/ﬂ 5 L
l]u;'/i'g :f:i!( above wwip discharpe (yes/none): wandard A0 89
{Tow depth at center of concrefe dam calibration 29 20
(StaA):__ 15" ’
certificatjon:

s
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PAGE 11

Clty of Jackshoro

Sampling Date: _ 5= /7 ~

Routine Monitaring Program zl}jr?l,mlc Cleveland Creck

~1999

‘! Loc- /9 77 Temp-crature | Dissolverd
ation time © Oxypen (mp/l) pH cammenta / nofes
. o :
; ool Lwd 1223 | 432 | 2378
A ?. 53 2 3. (r:\/ ?. 55’) 7, ?)7/ o 21
a2 90581286 ) 56717233 g s srere ©
peoe |9 p0 |22, 530 | 2,43
m 170D 122,02 |5.87 |72 !
an_ 9008 21,5 |5 94 | FpF
B 243 21,2 |S. 37| 7 4¢
ne 1920 |22 |5.5) |23/
N SR I il | 7. 3% | m'nwwows
| B2 ?.' g/g 1/. L 5/0 S 7 /7 /7 l’/’Vl'l/ﬂ’l/() 5
e 1937 1oty V497 (229 | mivwows
: Cle ﬁ‘ 143 Q‘/t /?(/ '()’(Z /07 )
e 170w 7 | 91, / v, 31 1£.99 11708 gk,
; Qoﬁc/ Frow, &l TheE wny 14 To /«/?f‘:‘f
1 OTIIER CONDITIONS . METER CALIBRATION
_[weather conditions: '
" ltemiperaturc: /A g eH D.0.
! clo.uc;y/clcar lj(’/&af‘l'l/ . standard Z’. 2/ __4,00
- wind: £77
enlibration é. ?ﬂ? = ﬁ:)t}
; flow fn ereele above wwip discharge (yes/mone): \
! e standard - /g},ﬁfd.
(ﬂst:;vx)c'p!h/nhcen(cr of cuoncrele dam enlibration /%, 037,
[Eertification:

’/‘J"",.,,p‘# /A,V‘,._Vt’.m el

(signature)

oar

Gi7~ F7

(date)
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City ol Jackshoro
Routine Monitoring Program for Little Cleveland Creek

Sampling Dale: Tt ~95 -1999
Loc. /U /7 Temp-oratnre | Dissolved
ation time < Oxypen (my/!) pll comnienis / noles
oor | /2079 | AT 3 7?& VACYIAN P2 AP
A 12:22126,. 7 ,’4, 79 | 7.35 hivrowgd Flsh
r 2,25 0%. 0 | £ L8| 7 32| mimvonS
Ao | 2B | 26.0 202 | 793 | mjiynows
m D3 V63 | Fol [ 740 | ) snves
awm | (2,39 122/ 7;//( 247 | milanenies
B 1249125,/ | 3037 3» ) e nt s
Ble 1J2,57 | 25:6 |7.L0 | 7.4) | siwnnissed Eich
X ofa 120,72 2,86 | 7, %4 | minwaws EFsh
B2 ) ) 25,9 |3.5G | 22F mimow s fwod Floo)
e Vb 2£.3 1 2.53|7.70 | wo Frou i
Cle /735 |26, 7, 52| 2.30
ce_ /1272 129/ 2. 30 1265 | miwwws/w, rdy)

¥ Flow dow 75 dR '4ble

" Fo ool

1

WHTER ClERR # Kurenvp &TTTHE 5By

OTHER CONDITIONS

weather conditions:

)

temperalure: G
cloudy/clear: _ rC

wind: wW. I'E mﬁ/;

flow in creck abave wwip discharge (yes/mone):

pil
a0

standard

calibration __7Z,2 /
standard /0, 22

METER CALIBRATION

P.O.
§.52
5.52

/g";&!

(signatmre)

Yo E
{low depth at center of concrefe dant o
calibration

(StaAy:___ D

?ﬂ//{ [ E f("’:,f f’nqﬂ,“}p, i .

L1

certification:

= s = } o

4/&' P L - A ,/;;f o

TS0 -3

(date)

85 ¢ K
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City of Jacksboro

Routine Mommrmg Program for Little Clevclaud Crcck

Sampling Date: _ 92 — -1999

Loc- / /77 Temp-erature | Dissalved 4

ation {ime (®) Oxypen (mz;zjl) pll — cormnmients / notes
oo | /38 302 {A G 7. SV ) mwsio S
a1 LSS 1 283N /01735 4w roows
A2 LOZ |28, 5\ ,53] 7 1 sl A s S
svto0 | 2,031 QXN A, | 7, /L wi 7E R m:uﬂk\//d o) ER 102
w1 25001227 4,93 7 18 B " Jk ﬁ
an )24 |2l | A, Q0| 7 A0 " M 17 /
e 12,07 126,55 3,94 7. 2y . “ |7
sle |2.25/2% 1| 3, 8% 7. QD Nlwrpis (‘f’jmﬂ&}él
BLr 139\7 A, 7 4,501 7. /L 143 Do Ao 1S u
B2 CB Ao 213,50 7.9 m [ acap e ] N
c ,w 2451 2.95| 74D '
e |2 09[272.2 155007 51 mimmnis e
ce | 252 2.2.7 | 2,35 | 7, lj_% o S H

OTHER CONDITIONS . METER CALIBRATION

weather conditions: 5 ' .
temperature: % 7 il D.o.
cloudy/clear: Pc standord ), O L, o0

wind: 70 15 tmph

O E
(Staay. ). 5

flow in creek above wwip discliarge (yes/moue):

flow depth at cenfer of concrete dam

calibration ___4, ? 2 _5,__21
standard g&_@
enlibration /&, 0&

—————————— ey

certification:

%ﬂmgw

(signature)

(date)

-2 -99
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18/27/28083 16:08 3485675430
-' City of Jacksboro ) L
Routine Monitoring Program for Little Cleveland Creek
|Sampling Date: _ &— 7 £ ~ -1999
/ ».
Lac- é M Temp-eraturc | Dissolved \
ation lime C) Oxypen (mp/1) Bl comments / notes
001 2:95 30,91 £.12 1 7,360 /! pnowsS
A 8.S0 | 28,10 | 3, 42| 2,00 M g S
e &I53| 22y | 4,007, 22 D S s
w00 | §.8% | 24,813 44 212 | )/ vroweS
A3 7.‘9/ ﬁ\éil(l 5:37 7. Iy m,'/iﬂ\/a/,'éﬁ
b Doz | 277 185311772 | o)) msoies S
IB1e 723 | A/ 13.33 2.8 |minvwows 2 Fi'sh
BIf '7,!2.{0 25,4 AL 52 Z4S | m (W W0 S r)L L'sh
2. 35127» | 2,217 3% CARP
c 733 2004 | 15D 6. 87
ce |F150 |27, 5 B4o20 |7, 48 | ;) enisews
ce |7'5£127.912 T 75/ | minnvwssd enpp
V] ' )
ReiwFrll 0,437 §-24-55
OTHER CONDITIONS . METER CALIBRATION
weather conditions: 5 - ‘ :
temperature: pll P.0.
cloudy/clear: C/EHL - ndar /.00 L
wind:_ 208 % pafph  zipg7 sindord £.0%
enlllirntion JM_ ___é,__ﬁ_é
flow in creek ab tp dischar / : 0
ow In :u}sz n ove‘“l'w D discharge (yes/none) m".dard A 2D
fiow depth at center of ¢ cte d . v
. A):l < :‘ I;I;I'P c;f:'?sé. P Jb[/ calibration _Jp0, 2
Certification; '
= S
%’724/ 7 s ,///14@4'—/‘ (signature)
£~2. ¢ -79 ' (date) J




PAGE 15
18/27/2083 16:88 94856754308 CIT OFJACKSBOROD A

. City of Jacksboro ;
Routine Monitoring Program for Little Cleveland Creek
,' Samp]mg Date: ~/(7 — ~1999 .

o AT

| Loe- /9 Temp-erature | Dissolyed \

ation | time (C) Oxygen (mpg/l) pl) comments / noltcs

w |2y | 31, Y 6. 151735 ) asw s
A 12y, [ 3 M| 7,20 py)wrnipis
1243 32% 15 4SS 2,2, ] pinsows
avwoe | /2,55 299 8, 4S| 23¢ ) m, wenves
A LA S8 293 £, 39 7 Si mivaps 5
an L J'ey 1992 15,°3C | Zyy 2, S
s L'y 1284 |a es 427 | m, wrew
ple | 103D | A5 1 H. 521 7.3G | paiw mows
Bt | /2 8215 7% 12.33 D) e o220
m_1)132 128 3 3,581 0.20 | pmldrwyue
c 1l'¢p |28, 7] 3.25] 703 e
cte |Jiyg |28, ¢ | £39 7.2y /:'S/)‘“

ce 1,5 31;:’_2_ (0. 7119, 9‘; /6;9/?}9 7, RS
J\AZ? OF CrEEN BlEPE

OTIER CONDITIONS . METER CALIBRATION
weather condxﬁog: ol DO
temperature: :
cloudy/clear: Fc : standard 0D ‘7 P ¢

wind: __ 2% S5 /MPH

enlibration 7/ ﬂ@ 7£ O é

flow in creek nbove wwip discharge (yes/none
DL ! gely . ): slanc‘lax'd : /A. pA
flow depih at center of concrete dam catibration 72, D/

(Sta A): _rspw € ,
!Q&,F &OWPSE pb{/mwﬂf f’)% »l

dertifi canon

%ﬁm ﬂM/ (signaturc)
7‘*’ "Cf“ 7 6 (date) '
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PAGE

City of Jacksboro ;
Routine Monitoring Program for Little Cleveland Crcck

pwon-E
flow depth at center ol concrele dam
(StaA)._, 28/ nle LES

flow In creek above wwip discharge (yes/mone):

/2 .02
calibration 7 ??

standard

certification:

s f/g%/—*&’

(signature)

9~/2a?9

(date)

16

|Sampling Date: _ &~ /7 -~ 99 -1999
- J
Loc- A m Temp-erature | Dissolved
.ation i (5] Oxygen (mp/l) plt somments / hotes
o | G320/ | 4.3 |70l | s w2 P
A 1908 12€./ 1293 1£.75 | m.'wrows
A2 ol | 2%.2 @, 495 Z, 7{} 2l oS
avoe | QAIRN 26, 8V FH] 146,27 | 1, wnpasg
A3 "?"’L[ 26,72 | A, Sy 704 (7 .7 nooewS.
pn | @961 26,713,321 7900 m vmews .
2 | 32 25,8 ] 1, 95] 9,05 | m,Wnows) LTTIE Flio T
e | R/07] 26,913,231 2.35| miwmins - ao Floe S0
By | ¥oh9 | AbL | 2,79 7,24 mivnpns W Flr i
B2 r.S$21272S| 4. )5 2,35 m.'w/n/mg//s,. 22 Fleid
c |9 07127.p 1222 742 | wo Flod )
ce |9 '/’éf 1.9, %! 300 17,33 | m) g |
ce 9. 21127,£412.,03 2 3¢ | CARD AL miwrpws
OTHER CONDITIONS . METER CALIBRATION
weather conditions:
temperature: Y pit p.0.
e it 2,20 b4 ¥
T eatibraton_. 29 ég{,’,{g
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City of Jacksboro /

Routine Menitoring Program for Litlle Cleveland Creck

Sampling Date: s Wi —.-1999 )

' Loc- /%7 Temp-erawre | Dissolved
atlon time < Oxypen (ngf]) pll ' commenis / notes

P L L2891 A50 1650 |77 | m wnipie s

A _/". 2? 70;5 5, 22:‘ /,“'?7 m;'/vn/p.ays”

A2 12331 323 5,421 2.08 | m/wrews

| ) 38| 297 |7 R3] 237 | rianwons

A3 MY) 29817751249 mienores

Adn L 47 2%.3 /47 |7, ¥2 20, s

B LSy | A7 4 |4, 3y | LYl | milmrnows

Bie |ALol | 9277 | 5.5/ 1237 P innow S

BIf o4 | 7.5 £.19 173D | m/wwewg

m_ 123 [ 2.6 | #,9€ 119,24 |SeveRB! cap 47 5 Jbs,
c 2021 1290 [ 4.33 | .97 . wwowns

cle 30| 295 £ Lo | 723 m/enevws

Cle 9\/3‘/' 32)3 4,07 7/97 /77/’-"”//5‘9W5’

OTIIER CONDITIONS . METER CALIBRATION

weather conditions; '

temperature; Pl B-0.
cloudy/clear:  2had : standard _Jf, g2 £.25
wind: £ alm _é S5/

culibration Q X ¢
Mow in ereek nbove wwip discharge (yes/mone):
wow e . standrrd - 7[09

flow depth at center of concrete dam . , atio é ii

(StaA): . 75-” GI?EEK /‘Jﬂd' ?Wd’ alibration

Flow pll THE o py Toyhe hnkKe,

tertificdtion:

(‘\ " l»", ,:Z/f
___éd‘z“/__&"_i?‘ B s A 1P
r

P ]

‘?,

(sipnature)

{date)

=5

S
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-

City of Jacksboro S
Routine Monitoring Program for Little Cleveland Cyeck
Sampling Date: =29 ~ , ~1/999 .
/ '

T

. \ ] ,
i
¢
I}
!

/
Lac- ﬁ rn Temp-crature | Dissolved
atlon time (9] Oxypen (mp/1) ptl comments / nales

ao1 ) Q?.S 4,251 7.1/
A 1By | 27,8705 | 6,88 | . rrowS
A2 E AG| 2661 3,531 .03 211 Mo S
o |96 24,51 2,20 | 4 84 | ) wrowS
A3 €50 | Qu g 3,727 | .54 M, adw §
|00 | 240 | 395 702 | o) woasws s
B 03 2e. | .50 LG/ | s, rwoms
e | 9027 | 243 Moot | 7, /1< 2 o3
e 19923 | 25,7 | 2.8¥] 702 M W ou2S
ez .32 | 272,/ | 2,49\ £, 89 11 oty S
e 1750 | 27231 9, 57| L:%

| lete 719 2‘7,“8" 2. Bul 7.1
loe 19:52122.7 13,561 2.3/] solwmoms

‘u; OTHER CONDITIONS , METER CALIBRATION
“|weather conditlons: '
temperature; pll D.O. .
“leloudy/clear: C/EBR L standard bf Lz 7.5 ‘

wind: e B /29

enlibratini _/Z 02 7, ¥ S

Mlow In creek above wwtp discharge {yes/none):

2 A:0 VE ‘ stnn;lnrd 7 faXs)
flow depth ai center of concrete dam calibration £ ii

(Sta A): £ 30/F CowRSE Pumfivy

'certi,ﬁcétio'n: ‘ / 7 2/ S | |
%‘*‘7')?/&/ / W > (signature)
7”‘“ Q 7 - 7 7 , (date)
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Clty of Jacksboro
Routine Monitoring Program for Little Cleveland Creek
Sampling Date: _ "7~ 7 7 . &% ~1999
> i
N
Loc- g/?}' Temp-crature | Dissolved

alion time (C) Oxygen (ng/1) pl commenta / nojes

w1 /29 L300 1450 705 | p merss

A L3221 a88 | 4.7%)| 228 | e sow, S

. 1)1 350292 | 4971 7.03 | pi/wmows

s | f1d) lagp | L, 23] 7, BS| . D rpuS

A3 LiuS | 2% | 7941 7, 35 21 Wrple'S

am  Vfuqg 273 | 7,091 7, 3¢ Do S

B /S (267 |5, oyl 7.4 ) /70, 0 o 10 /S

se 10,051 27/ |5. 28] 7.55| o) snpers

or 12:07 1273 | £.27] 2,5/ | svpmows

B Al 1207 | 5900 2.5 | s/ wwnss b Lppes Flgh
c 2251288 | 1.33| 7,43
ce | 2,37\ 3p.% | BLY| 7.3/
Cle Lo 3.5 562 7'93 /77/1/7/1V0'VS

OTHER CONDITIONS »  METER CALIDRATION
weather conditlons: . : . o
temperature: p .0,

7
clnudy/clc;a:r: Pl = s standard 2, L) é . &f)
wind;  §'—,p S L/
ctlibration 3, ?E A 2 g()

flow in creek above wwip discharge {yes/none):

Apn standard "/, 03¢
Now depth at eenier of concrete dam enlibration 7, 9 /

| (Stad)y:__, 75 fu bhis

certification:

%M f, %%/ | (signature)

7 = Q:_:)_ - 79 (date) ;
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City of Jacksboro . :
Routine Monitoring Program for Little Cleveland Creck

Sampling Date: . /— / 5 — 99 -1999 - !

Loc- ﬁ' /7 Temp-crature | Dissolved :

ation lime (C) Oxypen (mp/) pli comments / nales
w_ | 7,/7 | 2€3 &.97 1 7.8
A 7.29 | 2£.9 | 3,07 £.9) | ) woabws
A2 Qo2& dlp | 3,731 7,08 | mspmsws
00| 932 | 75,7 | 3,94 | 724 mo ) wonrpig s
A3 9. 361 2631591230 m/wnpis
i | GUgu | 9y.7 |55 | 7.3 M rs g S
B 6’.’@‘7 25, % 3,4/7 220 N v |
Be | .57 253 |132%> | 2./¢ i row s
it | /psop| D50 | Anel D./4 477 1 pensp s §
B2 /D;’Oq Q;SIL/ 9\:3(/ . 2 w ) Zens At S
c w2l a5, lua | Le5p
cle | Wity 280 2,89 .02
ce |/ 371 27,31 3.8 74y

OTIHER CONDITIONS METER CALIBRATION

weather conditions: o ‘
femperature: 75__ - pi D.0.
C\Lc;::g?k?;»rﬁ / fﬁi‘fg T sendard 4,00 _ 7, %

flow in creek above wwip discharge (yes/none):
rept/E

flow depth at center of concrete dam ,
StaA):_ D @olF Conps € PumPrry

culibration 4, &}

siandard -2 D)

7.6

calibration é £ ‘;5‘

ceriification:

e

,) , — )

. -
%v?’az«‘?— 2 M:,,ﬁj» =

(signature)

?2=~/5 7%

(date)

R 117 AR NP DL O A
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City of Jacksboro .
. [Routine Monitoring Program for Little Cleveland Creek

Sampling Date: __ 7 — £~ -1999

Loc- ’? m Tempeerature | Dissolved

ation time <) Qxypen (mg/l) phl 4 cominents / nates
w | [ 30 | .35\ 4LF | ) anows LA g TER
A /;'51 29, ¢ 257 1 £L.73 | M)/w g5 o o 9TER
A2 125G | Boy | 3,8212.75 | B'renows | w BT ER
a3-100 | Lp 27/ 7/ é, éﬂ /. //7’ 'm;ﬂ//i/ bwS r'/*/ w AT ER
A3 A '/0 7 297 ;; /5 7, 34 I l'ﬂ/wﬂ_ﬂfg [y ATER
an 120013 1 72%,9 L, 3¢ D v 7 M/‘VruaWJ ) VL BTER
B 2:2) |G |48 |V a%| m)wnews /n tosTen
Ble Y| 283 | 4,721 7.98 | miteasws Ca wATED
e | 2037 128.% | 5.92| 7,23 | mintsws o pale R
B2 VAS 1290 | 3,40 | AR minmows + o w ATER
c 2,531 3.n A byl 6.8 | mivapws v wnlEp
cie | 3,66 2%.%| 3,42 | 2eo
Cle 3,15 32,59 7. 551 829 I8 e fEp

OTHER CONDITIONS
weather conditions: &
temperature; 9
cloudy/clear 2 ~
wind: _ )5 s,

flow In creek above wwtp discharge (yes/nonc):

LY or £

Mow depth at center of concrete dam

Ay /' below  ax

. METER CALIBRATION

pll D.O.
standard __ﬁ_ﬁé’_ , 20
»
calibration A LD , Y

standard -__7. 09

calibeation é, f E

—

certification:

(signature)

-5 99

(date)

| Flow goivg wndeR CorcRET dam

.1%’(@’&/"2 Lot RS /- /wmzﬂalﬁf? o B 7ER

PAGE 21
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City of Jacksborn

Routine Monitoring Program for Little Cleveland Creek

Sampling Date: _ 7 ~/— % 7 -1999
Laoc- }0 /)7 Temip-erature | Dissolved
ation time (©) Oxygen (my/l) pil comments / noles
w32 1298 | €21 LG5
A /.'37 2? g 3;€3 é 77 D re oS rl v wnffﬂ'
2 L) eQ 28 F | SR 14 23| minmoids fa s TER
RL S WAR-WA R LR A A, .05
A3 11591296 | £.351700 | ) wrew's . w 1wz BJER
A3n Q.‘Al{# 2. 7 | 7761 £.55 | s lnwmsmws iw wn el
B 1.2 1278 | 5 39 7 09| m! vrnowsS Sn wolEL
Ble DTN 27y | L2/ 7 L m I pronrs [ LI TER
BIf 2.9 22? /,,.,g”; Z “;l i wens a4 AT ES
e |2 I02F0 | AS2 1D p8 | mMinwows [ wwalER
c 2.3¢12%.72 |22 Y L. FH Mirwons { o wpJER
Cle 259 A2.46 _[R.w5 | 7,09 .
ce | R 551343 |5 601708 | oiny e ro wo fER
OTHER CONDITIONS . METER CALIBRATION
weather conditions: '
{emperature: 9/{/ i , pit b.0.
POV ey P s 2220/
! calibration _A_:_ii 2, 2 ?
flow in creck above wwip discharge (yes/none): standard /0,00

VINE

flow depih at center of conerete dam catibration /4, 2]
Stady: LE JachiE S
certification:
=)
%ﬁ’ﬂm f : Wf‘/ (signature)
1
Z~/-~7 2 (date) |
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Clty ol Jachksboro
Routinc Monitoring Program for Little Cleveland Creck
Sampling Date: __fo —/7 99 -1999

Loe- ﬁm Tempeersiure Dissolved

afion time <) Oxypen (mg/l) pli commients / notes
001 Zi13 ZE.L/ 3728 | 720 |4 BER Ful oo Jil . eonp tes )
A q)|‘30 2‘4;4) Zl/ﬂ 7’0V

A2 ?,'35 2.0 L 77 2,72 | mi' v wvpus [ w;@fff?
o | T0y5 | 237 | 20y | 725 | minmevs L a e 7E 8
A3 Tove | 237 | 22¥ 1 7272 ) wrwwe ot s EL
an | 9°5% | 22,41 302 | 233 . wrvew'S W e nTER
B lowlk | 13y 2./L 2 gy '
Ble | joit3 | 22 3| 2,2%| 2,33 | miwnvors [ w wnlER
BIf 2.15 23.D _2‘7 . yp f’h.',vnzows I'IV wﬁ"/rfl?‘
2 | 232 | 230 | 2,20 | 2% ma pepttess'n s (En
¥ [ L:%0 | 237 | hyy | 207 | i mrvone s e wonFER
Cle biSe | 25,y 47/ 230
ce | oo | 2421 /032 | 7,25 m!owsuws v waitp

OTHER CONDITIONS : . METI;R CALIBRATION
veather conditions: e '
temperature: sy pH D.O.
ClO‘Udy felear: __ ¢/ pudl ,L/ ' stndard /L 0O 7,70
wind: 2 R J/)m -

enlibration é: 5_2_ 7, g z

Now in creek above wwip discharpe (ves/none):

 phv £ . ge (y ) standard /D, 58

flow depth at cenler of concrete dam P
1 enlibration _ /2, &
(StaAy:_p.5 rnches

certification:

%?7% q//v /ﬁf’c”a/""’?/ __ (signature)
é“* /7\'?? (date) ,

X J\og Sam Fsl BoF7, Klbove 84?,'0{5:{
X wpTER Mid FRzm /%fﬁy)/ PR FA-/X) fRo Rocol'on RI-fo0

Tﬂ /v } = AT -{\’:‘LAJCKTMJ“ PR S




18/27/2083

16:88 9485675490

CIT OFJACKSEORO

PAGE 24

City ol Jncksbore

Routine Monitoring Program for Little Cleveland Creek

Sampling Date: 3 ~20—57 1999

Lac- /0 “ Temp-crature | Dissolved

ation time (9] Oxypen (mp/l) pll comme)}lﬁ / notes
w /2,20 25,9 [a/]| 7L
A 112°39 | 2e 0l 2,9/ £.99
n 4 z2i3el 247 2520 7./8

A100 1 /2 T Dy 3.5 7 09

n_ 1252 2¢30 A3 7305 '

A3n Lo 723,/ »{;:, 33 2,15

B L% 23,3 Z:épl T, 13

me | /% | 22,3 7 44| 7,03

Bif Ny, 227 2.9/ Zeoa | :

B2 L3710 230 2,29 .4.961/5 ’a/?ﬁ-,maff [ 1w BTER
c /2331 22,9 | gLl £:85

Cle [ %71 awel| 5.2 7,147

cie L5311 259 787 7,45

OTHER CONDITIONS
weather conditions: ? 0

temperature:
PLC

cloudy/clear:

wind: __2 8 py £hH

Y47

(StaA:__ f,.9

flow in creck above wiwtp discharge (yes/noue):

flow depth at centcr’gf conerefe dam

METHER CALIBRATION

pH

standard 7 A2
ealibration _2, 9/

standard -/ 2, 3D
calibration _//2, O

L5
bk

certification:

5-20~79F

(signature)

(date)

f}//’/@/
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City of Jacksborn
Routinc Monitoring Program for Little Cleveland Creek
Sarnpling Date: le—=2 2 _-1999
Loc- Temp-eratute | Dissolved
ation time <) Oxygen (mg/1) pH comments / notes
w | Toomwn 220 | L33 792
A | §5eam| 20,3 | L.02 | 21
n_ \§558m 22.% | 4.5 | 2.3/
A3-100¢ ?‘,05—,%”; 20, é’ /4’11 0y 7: :"s 3
m_ | G20am| 20,5 | 306 | 7. 38
s | 9258m| 20 5 | 325 7.38
B 7. 3287 29, 4 3.85 713&
e |Piawpm| 293 | 2./0|7.25
mr |9'vsam| 20,3 | 3,951 7,35
B2 2.508m 20,3 | 3,421 7,25
c  rosm| 29,3 | 415 | 217
cic  VgiawAmn| 2], . 2,53 72,27
ce  Vzsam 21,3 | K, G0 | 1,23
OTHER CONDITIONS METER CALIBRATION
weather conditions:
temperature: Y pH D)O' .
cloudy/clear; I A stan 7 é 0
wind: A0~ 32 ) H e i <.
calibration g: 174 ___5,! ?,
‘ﬂo;vpi; 3232 above wwtp discharge (yes/none): standard : ) i’ /?
flow depth at center of concrete dam calivestion /20 2/ Y 24 ﬁ’
(Sta A):___ 2 i
certii/'ljon: -
é//;ﬂé. @? Héfm " (signemure)
/5( ~ AA— ?’? (date)

25
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B2, 2301439 1dse 51291425160 HOR ENGINEERIME, InC FacE  od

Civy of Jazksboro
Routine Monitoring Program for Little Cleveland Cresk

Sampling Date: 2./ 7 — £ 9

Temp- |issolved

Luc- grawre | Oxygen

ation time (&) {(mg/l pH comiments / notes
0oL |\ Gnpmt Sy | Fo24d] 24T | S
A N1vSmi /7.8 | R07] 2uS|Canzhi daST had T clgef TRATE FievE S8
a2 Yy S lew | RRY| T r o o |
A0l fpfm | 1581 7,09 7,3Y
AS 1950 IS0 | 0.77| 240
A | fpisSany 1SS | 7,351 7.4
B__ vt 14, 5| fudb| 2. 3T
Ble /d,'ﬁg_rﬂ/;,/ ?v.gK 7/,1?
BY /g gpuny )5, 1 | 7. 20| 7.5 .
ne  |/0is5ah 5.5 | 4Ll DAS | SEE BELse”
c Moronad 1SS | W& 226 '/
Cle  {//laamss. 5 | 5,437 02
Cle |//'erP\ frnile |4, 73| fo: §F ,
note: Hﬂ?,’ g"c}/;/ ﬁ/ﬂy/E ool ors
OTHER CONDITIONS Alghw ay ! 7ieatt
weather conditions: . ‘
temperanise; ‘ e
Coudy/clear: Q‘fzwdu
Wind: 3 710k S dl¥ b7 !

flow i Little Cloveland Creek above wwip discharge: _

cery{fication: . -

j#/f@*’ﬂfzé ;‘;/%J(" ature)

B3=17—27 (date)

/

R
TR

/,/f’ v ya 97719/*9/?? ‘7,01 Ap 0y DAY

A7 Y55 Am (ol 7 DA

/s A
D.o cnr °y Do, P.EY

p.o. SBT. FAm T[EAP A

Ba-pidr'T Flwd STakE, Cauwgh T samp't pT 2pd Brg Lop g[/py/w?wyﬂ
waTE R @,q.ﬁf/y movi g, L oKE bas FlIED » p

( /4/!'975//? ”ﬂ7ﬂ7(?y,ﬂ/% gt’:’(‘/f Py ff) (q)[/p/// y

T A T - -
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02, 23/1999 18 EE 8129125158 HOR ENGINEERIME, InG FLGE 04
rhg %
Cixy of Jacksboro

Routine Monitoring Progran: for Lirtle Cleveland Creck

Sampling Date: 3__/ I~ 77

Temp- |inssolved
Loe- erature | Oxygen
atjon time (<) (mz/) uH conuments / notes

00l |[Yppm | 19y 1920 | 2.47
A fhusam| /7, & | 807 | 245 |CheghT basi hod Toclfof TRASH Aﬂwf af@m
A2 WHSedm| /Ly |nRE | 2,421 ¢ nooonon oy z

A0 ngem | 155 |7, 29 |72.3Y
A3 q:558m| )50 | 7,97 2. 80
430 |ippSen 1S, 512035 | iy
B ouitpr J4, 9 | bt | 7.3F
Ble  Wp'ag#+ 15,1 |4, 58 |7.27
BIf \M%opm| y85,/ 12,23 |2AF
B2 lpissem| )5, 8 | L. bt 12,45 | SEE Eg/éw
C._._ Wiioam| 5.5 (4,57 |7,2¢€ ’

Cle _[//'2asm| /5,8 | 5,23 |2, 62
Cle__)2300m| Jit b | 4,736, 8F

ConvcRETE ,857‘/0#\ o Bﬁldﬁé

(rote: BlovE ool piv W gf'?foL 102
o } P
OTHER CONDITIONS il j?? i;?;ﬁ £5S 9
weather conditiony: F/mu’ woie 76. L
wemperatre: § 7 — 72 oWER comelR E 5/ > /
Condy/clear:_& /pte oy /!
Winit: Smph Boil . i :
flow in Little Cleveland Creek above wwip discharge: iﬁ £ Dinghent e
57 pilyh 3/ -
— 14
certification; /// ‘ i )
Dz Ll oitigmatures
3—t7-5% (date)

PH.crl 5T 8 yorm 7.02 Bloov Dar
B.o,cal, BT ©iS5Rm gl 7 Dpw

0.0, SpTpaTion FOM TE€mpP 21 + B2, X OF
(‘9) WwrTER ‘3;5/9}‘# BTc£M7£,Q oF CaNCI?S/'E a//;'a:»; 3LI
(B2 dida’T Flod STpke, coughr Semple BT awd Blg kog Bets..

Lrpelive CR2SS [ g, wealén i?faz?g/y mm/uv L ABHE Aps Riled w0
(e) wATER froT Moving, Back wslER oF AbkE.
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City of Jackshore
Routine Moniioring Program for Little Clevslend Creck
Sumnpling Date: 02.18-1999

HUR GNGINEERING, INC

Temp- |Dissolved

Loe- eramre | Oxygen

ation time <) {mg/h) pH coniments / notes
001 9:30zm * 9.73 7.63
A 10:13am * 6.12 7.20
A2 10:25am M 7.93 7.15
A3-108'11:10pmo s 7.48 7.80
Al 1:20pm * 8.34 7.81
A3n  |2:30pm » 9.53 7.85 N
B 2:45pm a 8.32 7.52
Ble [3:00pm : 7.06| _ 7.59]
Bif  13:0Spm * 8,05 1,59
B2 3:15pm * 7.45 71.60/
Cc 3:20pm * 5.51 7.21
Cle 3:35pm, b 5.73 7.22
Cle  |3:45pm * 8.71 731

note: * not recorded by site, but water tenperatures were i 13-15 C range.

OTHER CONDITIONS
weather conditiong;
temperature: 53-65F
cloudy/elear; glear

wind: 10-35mph NW

flow In Little Cleveland Creck above wwip discharpe; none

cgﬁ%gmmm ﬁ, E 2 )

DS FF  (date)

PA&GE 28
FHEE  vd

R T
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J2/23/1599 108:56 5129125158 . HOR ENGINEERING, INC Fhfe @2
City of Jacksboro
Routine Monitoring Program for Little Cleveland Creek
Shte Losations
Loeation || Description
001 at WWTP outfall, base of rocks below pipe
15 1' above upstream side of concrete dam
A2 at bottom of riffle ares immediately balow dam
A.100" upstream side of cantle ﬁrossing g gate
A3 near end of small riffles in cafile crossing srea
A%n just below last of large fiffles above Johnson Lake
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ATTACHEMENT B
SENSITIVITY ANALYSIS FOR BACKWATER AREAS

The lower end of Little Cleveland Creek (LCC) is a classic case of an arm or cove that is
impounded or backed up by a reservoir, and hence can be considered part of the reservoir, but is
also a tributary stream or creek. A good case can be made that these areas are neither lake nor
creek, but separate waters that require separate and specific uses and criteria. These lake arms,
creek mouths, backwater areas, or unique subunits, depending on one’s perspective, pose an
interesting regulatory and classification problem.

To better understand and quantify the problem, a modeling analysis was performed. The model
used by the TCEQ for setting waste discharge permit levels, QUAL-TX, has been used on the
lower LCC, but it is not suited for this analysis because it is limited to a steady-state
representation and does not explicitly simulate photosynthesis including the effects of light level
or wind sheltering differences. To perform the LCC modeling analysis, the U.S. Army Corps of
Engineer’s model CE-QUAL-W2, vs 3.2 was employed. This model has a well established track
record of reservoir dissolved oxygen (DO) and photosynthesis simulations. The processes
mentioned above are simulated explicitly in the model. CE-QUAL-W?2 is a two-dimensional,
longitudinal/vertical model.

This attachment describes the process of performing a sensitivity analysis for the area. Briefly,
the CE-QUAL-W2 model is set up for lower LCC from km 1.0 to -0.3, along with additional
segments for the rest of the lake, using field data that were previously obtained in an intensive
survey. The model was adjusted to represent conditions observed, including the diurnal
observations made in the lake. The simulations were performed assuming an ample supply of
nutrients. The model was then used to explore the effects of shading and wind reaeration.

CONDITIONS DURING INTENSIVE SURVEY

Station 1, is an open part of the lake that is shallow (approximately 2 feet deep at the monitoring
point) and open to the wind and sunlight. It had an elevated chlorophyll a concentration (85 ug/L)
and DO levels ranged between 7 mg/L in the early morning and 15 mg/L in the mid afternoon.
There did not appear to be any vascular submerged aquatic vegetation, with phytoplankton
dominating the aquatic plants. Although conditions were generally calm during the sample event,
some clay and/or soil turbidity persisted in the reservoir.

In contrast, Station 2 was in a sheltered area with trees and vegetation on both banks and many
fallen tree limbs crossing the creek. A chainsaw was used to aid in gaining access. The most
visible vegetation was duckweed (Lemna minor) that covered much of the surface. Below the
surface was extensive submerged aquatic vegetation (SAV), with water milfoil (Myriophyllum
spp.) being the major species. The water was very clear and chlorophyll a concentrations were
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low (6.2 ug/L). Probably because of the duckweed cover blocking light at the time of the
observations, the DO level ranged from 0.35 to 1.17 mg/L.

There was an ample supply of nutrients at both stations. The primary differences between stations
1 and 2 were the differences in exposure to sunlight and wind. This, in turn, resulted in heavy
duckweed coverage at Station 2 and its absence at Station 1. The main reason for this difference
is that there was open water at station 1 where wind could blow the duckweed clear. Station 2
was very sheltered. It would require a strong wind to overcome the bank and tree shading and
blow the duckweed to one side. Winds were generally light during the field work.

Another difference is the tree canopy that provided a substantial amount of shade at Station 2,
where there was none at Station 1. Perhaps because of the shading there was an opportunity for
SAV to develop and limit the growth of phytoplankton species.

A third difference between the sites is the difference in aeration from wind waves. While wind
was not a major factor during the survey, the difference in wind-wave reaeration would be a
factor in the longer term.

MODEL CALIBRATION

The model geometry of the impounded arm (Stream km 0 to 1 in the QUAL-TX model) was
based on the field survey conducted by Clinton Farris Surveying and Mapping Service in January
2001. During that survey five cross sections were measured in this reach of LCC. The model
geometry of Johnson Lake was based on the depth measurements from the intensive survey
performed in June 2005. The impounded arm was divided into 5 longitudinal segments. The cove
immediately below the impounded arm (Stream -0.3 to 0 in the QUAL-TX model) was divided
into 3 segments. The main body of the lake was divided into 6 segments. Each segment was
further divided into layers of 0.3 meter thick. Figure B-1 shows the model segmentation
employed.

Meteorological data required by the model include air temperature, dew point temperature, wind
speed, wind direction, and cloud cover. Hourly data at the Wichita Falls Municipal Airport were
obtained from the online store of the National Climatic Data Center and used as input to the
model.

Usually the water budget of the model accounts for evaporation, seepage, direct precipitation on
the lake, discharge from the lake, runoff and other components of inflow and outflow. The
simulation was performed from May 31, 2005 to June 15, 2005. During this period there was no
major runoff event. The lake was essentially full and the lake level fluctuated within 0.2 feet of
the top of the riser pipe. Therefore, for the purpose of this sensitivity analysis, direct precipitation
on the lake, runoff and outflow were assumed to be zero. Evaporation was estimated by the model
based on the meteorological data. Seepage was determined to be 0.1 inch per day from the
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calibration of the lake level simulation (Section 4.2). Daily average effluent discharge data were
used as input to the impounded arm. Concentrations were estimated based on the observations in
the intensive survey.

Since the model was intended only for exploring the effects of shading and wind reaeration, a
detailed calibration was not necessary and also not supported by the amount of data available.
Default or typical values were used for most model parameters, and adjusted where necessary to
obtain a reasonable match with the observed data during the period from June 14 to June 15,
2005. Duckweed was represented by extensive shading.

Figure B-2 shows the daily data comparisons at the two stations for the period from 12:00 on the
14th to 12:00 on the 15th. The impounded arm of LCC was assumed to be 90% shaded and fully
sheltered from wind.

SENSITIVITY ANALYSIS

With the model reasonably calibrated to conditions in the backwater area, the next step is to
explore the effects of the major processes controlling conditions. The two main variables
considered in the sensitivity analysis are shading and wind sheltering. For these runs the
comparison point is the lake at station 2. All comparisons are at the surface layer of the model.

Shading

The first comparison is done for shading with the wind sheltering coefficient set at zero, so that
reaeration is at a minimum, and the amount of shading is varied between almost none (shade
coefficient 0.9) and almost entirely shaded (coefficient at 0.1). Figure B-3 shows the responses
for each parameter for the same one day period used in calibration, where the model was started
two weeks earlier. In effect, the model has come fairly close to reaching equilibrium, but is still
changing slowly. It has gotten sufficiently far along that differences in the shading can be clearly
seen.

The temperature difference between heavy and no shade is about six degrees during the night, not
too far from the 4 degree difference between station 1 (in full light) and station 2 (in shade). This
might suggest that the appropriate shading coefficient might be in the 0.3 to 0.5 range. The DO
response to shading ranges between full saturation and near zero. Having less shade and more
light allows microalgae growth and thus more chlorophyll a (causing higher DO) and also
produces higher CBODs results from the organic biomass of the phytoplankton. The higher
phytoplankton also produces higher nutrient uptake and lower NH3-N levels, and increases the
TSS and TKN levels, as would be expected.
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FIGURE B-2
COMPARISON BETWEEN MODEL RESULTS AND FIELD OBSERVATIONS
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FIGURE B-2 (CONTINUED)
COMPARISON BETWEEN MODEL RESULTS AND FIELD OBSERVATIONS
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FIGURE B-2 (CONTINUED)
COMPARISON BETWEEN MODEL RESULTS AND FIELD OBSERVATIONS
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FIGURE B-2 (CONCLUDED)
COMPARISON BETWEEN MODEL RESULTS AND FIELD OBSERVATIONS
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FIGURE B-3
RESULTS WITH VARYING AMOUNT OF SHADING AND WIND SHELTERING COEFF AT ZERO
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FIGURE B-3 (CONTINUED)
RESULTS WITH VARYING AMOUNT OF SHADING AND WIND SHELTERING COEFF AT ZERO
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FIGURE B-3 (CONTINUED)
RESULTS WITH VARYING AMOUNT OF SHADING AND WIND SHELTERING COEFF AT ZERO
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FIGURE B-3 (CONCLUDED)

RESULTS WITH VARYING AMOUNT OF SHADING AND WIND SHELTERING COEFF AT ZERO
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Wind Sheltering

For the sensitivity analysis on the effects of wind sheltering, two different shading coefficients
are employed, 0.1 and 0.5. The results are shown in Figures B-4 and B-5, respectively. In each
case, the Wind Sheltering Coefficient (WSC) ranges from 0 (no wind) to 1 (full wind at Wichita
Falls airport).

Shading at 0.1—With a high degree of shading, there is little response in temperature to wind
mixing but a large response in DO levels. The DO changes are not a response to algal growth
because of the shading effect, but are a response to wind-induced reaeration. The chlorophyll a
shows only a very small response to wind mixing, primarily because of the effect that it has on
vertical mixing of the model layers. The NH3-N concentration is higher with no wind mixing,
most likely in response to the low DO levels at that condition that reduce the amount of
nitrification and also may spur sediment release. This same phenomena also shows up in the TKN
results, because NHs-N is a part of the TKN values.

Shading at 0.5—With the shading coefficient set to 0.5, there is more of a response to light
levels. Chlorophyll a concentrations are higher with more sunlight, but a high degree of wind
sheltering still produces lower DO levels. With the higher chlorophyll a levels the NHs-N levels
take on a limiting concentration and exhibit a diurnal response to algal activity.

DISCUSSION

The sensitivity analysis results with CE-QUAL-W?2 provide a reasonably clear explanation of the
processes involved in generating lower DO levels in a lake backwater area in the presence of
ample nutrients. If there were not a wastewater source upstream of this backwater area, the
nutrient concentrations would be lower, but still adequate to support good aquatic plant growth.
In that case the chlorophyll a concentrations would be expected to be somewhat lower, but the
concentrations at Station 2 were already fairly low (6.2 ug/L). Even with lower chlorophyll a, the
same effects on DO would be expected.

The main point is that the reduced light and wind mixing typical of backwater areas has a major
effect on DO concentrations. There may be other contributing factors, but these alone appear to
be sufficient to account for the general pattern of observed lower concentrations in backwater
areas. The effect of shading and limited wind mixing appears to be sufficient to cause DO levels
that are substantially less than one would expect in an open lake or a flowing tributary stream.
While the DO levels are lower in these backwater areas, there is no corresponding evidence that
aquatic habitat uses are impaired. To the contrary, these areas provide important seasonal nursery
habitats, particularly for reservoir species (i.e., crappie, sunfish, and largemouth bass) that use
protected areas and tributaries for spawning and recruitment.
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FIGURE B-4
RESULTS WITH VARYING AMOUNT OF WIND SHELTERING AND SHADING COEFF AT 0.1
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FIGURE B-4 (CONTINUED)
RESULTS WITH VARYING AMOUNT OF WIND SHELTERING AND SHADING COEFF AT 0.1
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FIGURE B-4 (CONTINUED)
RESULTS WITH VARYING AMOUNT OF WIND SHELTERING AND SHADING COEFF AT 0.1
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FIGURE B-4 (CONCLUDED)
RESULTS WITH VARYING AMOUNT OF WIND SHELTERING AND SHADING COEFF AT 0.1

1.2 -

1.0 -

0.8 4

0.6 4

TKN (mg/L)

0.4 -

0.2 4

0.0
6/14/05 6/14/05 6/14/05 6/14/05 6/15/05 6/15/05 6/15/05 6/15/05 6/15/05
12:00 15:00 18:00 21:00 0:00 3:00 6:00 9:00 12:00

1.6 1
1.4 -
1.2 4
1.0 -

0.8 1
0.6 4

TSS (mg/L)

0.4 4
0.2 -

0.0
6/14/05 6/14/05 6/14/05 6/14/05 6/15/05 6/15/05 6/15/05 6/15/05 6/15/05
12:00 15:00 18:00 21:00 0:00 3:00 6:00 9:00 12:00



FIGURE B-5

RESULTS WITH VARYING AMOUNT OF WIND SHELTERING AND SHADING COEFF AT 0.5
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FIGURE B-5 (CONTINUED)
RESULTS WITH VARYING AMOUNT OF WIND SHELTERING AND SHADING COEFF AT 0.5
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FIGURE B-5 (CONTINUED)
RESULTS WITH VARYING AMOUNT OF WIND SHELTERING AND SHADING COEFF AT 0.5
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FIGURE B-5 (CONCLUDED)

RESULTS WITH VARYING AMOUNT OF WIND SHELTERING AND SHADING COEFF AT 0.5
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In view of the explanation for the lower DO levels in lake backwater areas, it would seem
appropriate to develop water quality criteria that are appropriate to the particular characteristics
and uses of these areas. Having uses and criteria specific to coves and backwater areas included
in the Texas Surface Water Quality Standards would make water quality analyses more relevant
and useful.
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