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1. Problem Definition

Currently, OG&E Redbud Power Plant is discharging cooling tower blowdown wastewater to the
City of Oklahoma City Municipality. However, discharging to the city municipality has become
financial burden to maintain. Therefore, OG&E Energy Service has formally requested to
discharge a design flow of 2278 MGD to the Canadian River, Deep Fork
(OK520710010010_00).

Discharges of cooling water from an electric generating facility are not generally considered to
have a significant oxygen demand, but effluent form the Redbud facility is expected to exert an
oxygen demand in the river because the source water for the facility is treated wastewater from
the Oklahoma City North Canadian Wastewater Treatment Plant (WWTP). The primary concern
of DEQ is low dissolved oxygen (DO) as a result of the discharge.

The Canadian River, Deep Fork (OK520710010010_00) is listed in the Oklahoma Water Quality
Standards as having the following beneficial uses:

Warm Water Aquatic Community (WWAC)
Primary Body Contact Recreation (PBCR)
Public and Private Water Supply (PPWS)
Aesthetics

Fish Consumption

Agriculture

The Canadian River, Deep Fork is also listed on Oklahoma’s 303(d) list for bacteria (enterococci
and E. coli) and bio-assessment (fish and macroinvertebrate). This WLA has been developed in
order to ensure that the WLA limits assigned to the discharge are stringent enough to maintain
DO standards under critical conditions.

Oklahoma water quality standards for dissolved oxygen are found in the Oklahoma
Administrative Code (OAC), Title 785, Chapter 45 (OAC785:45) (2016). The prescribed
screening level for WWAC is 4.0mg/l (June 16—October 15) and 5.0 mg/L (October 16—June
15).

A map of the Study Area (Figure 2) is included in the report.

2. Source Analysis
OG&E Redbud Power Plant
Facility Legal Description: SE%, SE%, NWY, S29, T14N, R1E, |.M.

Point of Discharge (POD): SEY4, SEYa, NWY4, S29, T14N, R1E, 1.M or
Latitude (approximate): 35°39°37”°N
Longitude (approximate): 97°13°16”W

3. Linkage between Source and Receiving Water

The link between source and the receiving stream can be established through QUAL2K model
used by DEQ. This model is one-dimensional river and stream water quality model intended to
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represent a well-mixed channel both vertically and laterally with steady state hydraulics, non-
uniform steady flow, and diel heat budget and water-quality Kinetics.

DEQ extended the City of Edmond's QUAL2K model to include the discharge from the OG&E
Redbud facility. Same parameters in Edmond QUAL2K model were used in this QUAL2K
model (Tables A.1, A2, and A.3). Without receiving stream data, a 25% margin of safety (MQOS)
was applied to the model.

In Oklahoma, stream DO is the lowest under dry weather conditions in summer. Therefore,
meeting DO water quality standards (WQSs) in critical temperature (32 °C) and low flow can
imply meeting DO WQSs at all the time.

3.1 Model Setup

For modeling purpose, the 6.4 kilometer (4 miles) section of the Coffee Creek between the
Midwest Blvd and confluence with Deep Fork River was divided into 4 reaches, which
consist of a total of 28 computational segments, and the 23 kilometer (14 miles) section of
the Canadian River, Deep Fork between Arcadia Dam and Luther Rd was divided into 5
reaches, which consist of a total of 80 computational segments. Edmond Coffee Creek
WWTP is located on 6.03 km (Reach 2) upstream from the confluence with Deep Fork and
OG&E Redbud Power Plant is located 9.5 km point in main stream, Deep Fork (Reach 7).

Table 3.1 Characteristics of Streams and Segments in QUAL2K model

Stream Reach No. Length (km) Number of elements Type
Deep Fork 1 4.0 10 Headwater
Coffee Creek 2 1.93 10 Headwater
Coffee Creek 3 1.72 10 Tributary
Coffee Creek 4 1.68 4 Tributary
Coffee Creek 5 1.07 4 Tributary
Deep Fork 6 8.4 20 Main Stream
Deep Fork 7 1.2 15 Main Stream
Deep Fork 8 1.8 15 Main Stream
Deep Fork 9 7.6 20 Main Stream

3.2 Headwater and Ambient Conditions

Headwater conditions for Coffee Creek and Deep Fork in QUAL2K model were
characterized by using water quality monitoring data collected for Edmond QUAL2K
model. The monitoring data were collected at downstream of Arcadia Dam and upstream of
Edmond Coffee Creek WWTP.

Table 3.2 Headwater Conditions During Dry Weather (9/22 - 9/25, 2014)

Headwater Water Quality Units Deep Fork Coffee Creek
Flow m°/s 0.003 0.014
Temperature °C 22.26 22.22
Conductivity pmhos 600 620
Inorganic Solids mgD/L 11.96 11.96
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Headwater Water Quality Units Deep Fork Coffee Creek

Dissolved Oxygen mg/L 5.55 7.29
CBODslow mgO,/L NA NA
CBODfast mgO,/L 5.96 6.18
Organic Nitrogen MgN/L 1500 1500
NHs-Nitrogen MgN/L 20.00 18.20
NOs-Nitrogen MgN/L 46.07 19.42
Organic Phosphorus MgP/L 226.00 23.00
Inorganic Phosphorus (SRP) MgP/L 193.00 30.80
Phytoplankton MgA/L NA NA
Internal Nitrogen (INP) HMgN/L NA NA
Internal Phosphorus (IPP) ugP/L NA NA
Detritus (POM) mgD/L 1.29 1.29
Pathogen CFU/100 mL NA NA
Alkalinity mgCaCOs/L 90.91 90.91

pH S.u. 8.02 8.05

For modeling purpose, critical temperature of 32 °C was used to ensure that DO would not
violate the WQSs with proposed limits. Meteorological conditions are represented by hourly
data for air temperature, dew point temperature, wind speed, and cloud cover. Hourly
meteorological conditions are required for QUAL2K simulations. Highest daily average
high temperature and dew point were assumed as 34 °C and 22 °C, respectively. During
typical day, cloud cover of 20 percent and wind speed of 2 m/s were assumed.

3.3 Model Transport

The Deep Fork and Coffee Creek QUAL2K model uses velocity rating curve to describe
stream hydraulic characteristics and assumes that the stream has a rectangular channel cross-
section. The hydraulic inputs are velocity multiplier, velocity exponent, depth multiplier and
depth exponent. QUALZ2K uses the multipliers and exponents to calculate velocity and depth
using the following equations (Chapra et al., 2008):

= X

= X

Table 3.3 Hydraulic Characteristics in Coffee Creek and Deep Fork

Stream Reach Velocity Depth
No. Coefficient (a) | Exponent (b) | Coefficient (c) | Exponent (d)
Deep Fork 1 0.2000 0.500 0.0200 0.400
Coffee Creek 2 0.3000 0.500 0.2000 0.400
Coffee Creek 3 0.2500 0.500 0.5000 0.400
Coffee Creek 4 0.2200 0.500 0.4500 0.400
Coffee Creek 5 0.2200 0.500 0.5500 0.400
Deep Fork 6 0.3000 0.500 0.6000 0.400
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Stream Reach Velocity Depth
No. Coefficient (a) Exponent (b) | Coefficient (c) | Exponent (d)
Deep Fork 7 0.3000 0.500 0.6000 0.400
Deep Fork 8 0.3000 0.500 0.6000 0.400
Deep Fork 9 0.3000 0.500 0.6000 0.400

3.4 Point Sources

The Edmond Coffee Creek WWTP operates under an Oklahoma Pollution Discharge
Elimination System (OPDES) permit (OK0026026) for design flow of 9 MGD. The City of
Edmond is in the process of increasing the capacity of the wastewater treatment system to 16
MGD by the year of 2050. For modeling purpose, current and future effluent limits for the
Edmond Coffee Creek WWTP were input in QUAL2K model along with OG&E proposed
effluent limits with 25% MOS.

Table 3.4 Discharge limits for OG&E and Edmond Coffee Creek WWTP

Water Quality Units Ediiibid (_Zoffee ek WV.VT.P - .OG&E
Current Limits | Future Limits | Proposed Limits | QUAL2K Input

Flow MGD 9 16 2.278 2.848
Dissolved Oxygen mg/L 4.0 6.0 - 2.0
CBODs mgO,/L 10 10 9 -
CBODfast mgO,/L - - - 18.25
Organic N MgN/L 10,000 10,000 1,650 2,100
NH4-N MgN/L 3,000 2,000 750 937.5
NO;-N HgN/L 13,670 13,670 - 64,375
Organic P MgP/L - - - 1,562.5
Inorganic P MgP/L - - - 15,625.0
TSS mg/L 15 15 40.7 50.88
TOC (as POM) mg/L - - 44.1 55.13
Temperature °C - - 30.9 30.9
pH S.u. 7.0 7.0 7.61 7.61

Based on samples collected in OG&E effluent, the CBOD decomposition rate (k) in the
bottle was calculated. When CBODs = 2.0 mg/L and CBODy, = 6.5 mg/L (OG&E samples
collected between 3/2017 and 4/2017), k = 0.3/d (Figure 1). Therefore, ultimate CBOD was
calculated by using the following equations (Chapra et al., 2008):
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CBODy = 14.6 mg/L at CBODs = 2.0 mg/L. Therefore, QUAL2K input was calculated as
18.25 mg/L for CBODfast including a 25% MOS.
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14 -
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Time (days)
Figure 1 CBOD in OG&E effluent as a function of time

3.5 MOS

In this modeling work, explicit and implicit MOS were used to make sure attaining WQSs
with proposed limits. Highest air and water ambient temperatures were used in the model as
conservative assumptions. In addition to this, Continuing Planning Process (p. 97) requires a
25% of MOS for uncalibrated model with multiple sources. Therefore, a 25% of explicit
MOS was used.

4. Calibration

This QUAL2K model was partially calibrated because calibrated Edmond QUAL2K model was
extended to include OG&E Redbud Power Plant, located 15.5 km downstream from Edmond
Coffee Creek WWTP (Figures B.1 and B.2). Edmond QUAL2K model including Reaches 1
through 6 of this model was calibrated with collected data from Coffee Creek and Deep Fork.
Therefore, calibration graphs presented in this report all represented the upstream of OG&E
Redbud Power Plant discharge point.

The calibration statistics for DO are represented in Table 4.1. Absolute error for the reach ranges
between 0 to 12.1 percent.
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Table 4.1 Relationship between Observed and Simulated DO Concentration

Mean DO Simulated DO Absolute
Reach Reach No | Observed (mg/L) Mean Error
(mg/L)

(%)
Deep Fork Headwater 1 5.35 5.35 0
Deep Fork 6 8.45 8.25 2.4
Coffee Creek Headwater 2 7.54 7.72 2.4
Coffee Creek 4 9.46 8.32 12.1
Coffee Creek 5 8.98 8.42 6.2

5. Allocations

Proposed WLA limits have been evaluated with QUAL2K model under critical conditions.
Model shows these WLA limits are attaining WQSs in Deep Fork as Edmond Coffee Creek
WWTP operates with current and future design flows (Figures C.1 and C.2).

6. Final Recommendations

The following changes are recommended for inclusion in the Oklahoma Water Quality
Management Plan (208 Plan).

OG&E Redbud Power Plant

Proposed Design Flow: 2.278 MGD
All Year Round: 9 mg/L CBODs
0.75 mg/L NH3-N
2.4 mg/L TKN
44.1 mg/L TOC
Receiving Stream: Canadian River, Deep Fork (OK520710010010_00)

These limitations are minimum requirements. If a TMDL is approved for the stream, any
stringent limitations contained in the TMDL will apply.

7. Public Participation

This Draft WLA report will be sent for public comments. Public comments received during this
period will be responded to and become part of the WLA report which will be transmitted to
EPA for approval.
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Figure 2 Location of discharging facilities in the Study Area




Draft Wasteload Evaluation for OG&E Redbud Power Plant
July 2017 Page 9 of 13

Appendix A: QUAL2K Model Input

Table A.1. QUALZ2K Input Parameters
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Table A.2. QUALZ2K Input Parameters
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Table A.3. QUALZ2K Input Parameters
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Appendix B: QUAL2K Model Calibration Graphs
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Figure B.1. Calibration Graph for Deep Fork
Deep Fork (11/1/2014) Tributary1
12
10 ; -
- e — T Sp——
8 }\* ----- :—q-‘——-—a-&-a—-‘-—“ ---------------- S— .t ==
- T —— T T ——
T e ——— _ _ /
6
Edmond Coffee Creek WWTP
4
2
0 I I I I I I
7 6 5 4 3 2 1 0
—DO(mgO2/L) m DO (mgO2/L) data — -DO(mgO2/L) Min
— -DO(mgO2/L) Max O Minimum DO-data 0 Maximum DO-data
===DO sat

Figure B.2. Calibration Graph for Coffee Creek
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Appendix C: QUAL2K Model Outputs
Deep Fork (7/1/2016) Mainstem
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Figure C.1. QUAL2K Output for Deep Fork at Design Flow of 9 MGD for Edmond WWTP
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Figure C.2. QUAL2K Output for Deep Fork at Design Flow of 16 MGD for Edmond
WWTP




