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1.0  BACKGROUND/APPROACH 
 

The Idabel Public Works Authority is authorized to discharge treated wastewater 
under OPDES Permit No. OK0027677 which became effective on November 1, 2012.  
The permit allows for discharge of treated wastewater from Outfall 001 at the city’s 
wastewater treatment system (Facility I.D. No. S-10202) to Mud Creek in Planning 
Segment 410200.  Among the permit’s provisions are limits for the priority pollutants 
including copper.  The numerical limits for copper are as follows:  
 

Table 1.  Idabel Public Works Authority OPDES Permit No. OK0027677 permit limits. 

Parameter 
Concentration Limits 

Monthly Average (µg/L) Daily Maximum (µg/L) 
Copper, Total Recoverable 3.96 7.94 

 

Permit limits for copper were calculated using the aquatic life criteria of the 
Oklahoma Water Quality Standards.  A water effect ratio of 1.0 was assumed for purposes 
of the calculations. 

Biomonitoring is another required provision of the Idabel OPDES permit.  The 
permit specifies that the 7-day chronic Pimephales promelas test and the 7-day chronic 
Ceriodaphina dubia test be completed quarterly.  Both lethal and sub-lethal endpoints are 
reported.  The critical (effluent) dilution required in the tests is 100%.   

Since the issuance of the current permit, the facility has not consistently achieved 
concentration limits for copper.  However, biomonitoring tests consistently pass required 
endpoints.  In order to address the permit violations, the Idabel Public Works Authority 
proposed to conduct a Water Effect Ratio (WER) study for copper (total and dissolved) to 
develop site specific criteria for the receiving stream.  A work plan (4/21/15) was reviewed 
by the Oklahoma Water Resources Board (OWRB).  Comments were provided by the 
OWRB and final work plan (7/15/15) addressing concerns was approved by the agency. 

As stated in the workplan, the WER study was conducted using methodology 
available from the Oklahoma Water Resources Board (OWRB) and the EPA.  The OWRB 
“Guidance Document for the Development of Site-Specific Water Quality Criteria for 
Metals” (OWRB 2003) provides procedural information for developing site-specific criteria 
within the State of Oklahoma.  The EPA has developed a Streamlined Water-Effect Ratio 
Procedure for Discharges of Copper (March 2001).  These documents were used in 
conjunction to develop site-specific total recoverable criterion which may be used to 
revise permit limits based on site-specific information while allowing for adequate 
protection of aquatic life in the receiving stream. 
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2.0  WATER EFFECTS RATIO PROCESS 
 
A number of physical and chemical factors in effluent and effluent/receiving stream 

mixtures affect the toxicity of metals to aquatic life.  In most instances, increases in 
substances such as hardness, total organic carbon, and total suspended solids greatly 
increase the concentration of metals required to produce a toxic endpoint.  Because of 
this, there are typically differences between the toxicity of metals in laboratory water 
compared with site water (effluent).  The process used to account for the difference in the 
toxicity of a metal in laboratory water with that of site water is termed a water effect ratio 
or WER.  A WER is performed by conducting side-by-side toxicity tests using laboratory 
water and site water.  The difference between the two is the “water effect.”  After the 
determination of a WER, this information should be used to adjust the instream criteria 
for the metal (copper) in accordance with state water quality standards.  In turn, the 
adjusted criteria will then be used for OPDES permitting purposes associated with the 
Idabel Public Works Authority.   

Guidance for conducting a WER study is presented by EPA in a document titled 
“Interim Guidance on Determination and Use of Water-Effect Ratios for Metals” (EPA-
823-B-94-001, February 1994).  For copper WER studies, more recent guidance is 
presented in “Streamlined Water-Effect Ratio Procedure for Discharges of Copper” (EPA-
822-R-01-005, March 2001).  This EPA methodology was utilized in conjunction with 
OWRB guidance presented in “Guidance Document for the Development of Site-Specific 
Water Quality Criteria for Metals” (OWRB 2003).  For this copper WER study the OWRB 
and streamlined method were principally followed.        

The OWRB guidance provides three options for conducting studies for the purpose 
of site-specific criterion development.  Option one is the development of a final Water 
Effect Ratio (WER) for the basis of amending criteria.  Option two is the development of 
a dissolved translator (f) used to translate the applicable statewide total criteria into a site-
specific dissolved criteria through the use of a dissolved to total metal ratio.  Option three 
is a combination of the WER and the dissolved translator.  This study includes the 
combined use of a WER and a dissolved translator (Option 3) to calculate a final criterion 
translator (T).  This Oklahoma defined final WER (fWER) is used to develop site specific 
total copper criteria.   
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3.0  SITE DESCRIPTION/DESIGN FLOWS 
 
The Idabel Public Works Authority discharges to Mud Creek (Planning Segment 

410200) via Outfall 001, which is located at Latitude 33º 51’ 14.621”, Longitude 94° 47’ 
22.200”.  Mud Creek travels east and north from the from the facility location to discharge 
into the Little River then to Millwood Lake in western Arkansas.   The Outfall 001 discharge 
location is shown in Figure 1.   

The Statement of Basis for the NPDES permit currently in effect was reviewed for 
discharge and receiving stream design flow characteristics.  The effluent flow used as the 
basis for calculation of permit limits including copper and whole effluent toxicity (WET) 
was the POTW design flow of 1.65 MGD (2.56 cfs).  The background flow rate (7Q2) of 
Mud Creek used in calculation of the permit limits was the default value 1 cfs (0.6463 
MGD). Aquatic life criteria (total) for copper for Mud Creek, based on a mean hardness 
concentration of 32 mg/L is shown below. 
 
Table 2. Mud Creek aquatic toxicity criteria. 

Parameter 
Hardness Dependent Aquatic Toxicity Criteria for Mud Creek 

Acute Criterion (CMC) µg/L Chronic Criterion (CCC) µg/L 
Copper, Total 6.56 4.83 

 
The WET test effective in the NPDES permit requires once per quarter chronic 

biomonitoring with a critical dilution of 100%.  The critical dilution reflects the percent 
contribution of effluent mixed with receiving water.  Therefore, because the chronic water 
quality criterion was the basis for the effective permit limit for copper and because the 
critical dilution for the effective chronic toxicity testing uses the same flow basis, the site 
water mix used for WER testing was 100% effluent with no dilution from upstream 
receiving water.   
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Figure 1.  Aerial photography showing the Idabel Public Works Authority WWTP Outfall 001 discharge 

location in Idabel, OK. 
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4.0  SAMPLING  
 

GBMc & Associates personnel and staff from the City of Idabel Public Work’s 
Authority collected samples of effluent from the Outfall 001 discharge.  Efforts included 
sampling for the toxicity testing portion of the WER study in addition to the collection of 
samples for the development of a dissolved translator.  An initial range finding test was 
also conducted for the WER study to determine the appropriate spiking concentrations.   

Sampling was conducted according to the project workplan included as Appendix 
A and according to GBMc Standard Operating Procedures.  During each sampling effort 
for the WER study, four individual samples of effluent were collected from the Outfall 001 
discharge during an approximate six hour time period.  This time period was chosen to 
reflect the sampling conducted for routine DMR sampling.  The four samples were 
composited in the laboratory on a flow-weighted basis.  Samples collected for the 
dissolved translator included eleven grab samples taken on separate days.         

To the extent practicable, clean sampling techniques following EPA Method 1669 
(modified according to GBMc SOP), were used for the collection of water samples.  All 
samples were handled using appropriate techniques and chain of custody procedures.  
Samples collected for WER development were collected greater than one month apart, 
as required by the Streamlined guidance document.  Samples were collected during times 
of normal facility operation, with CBOD and TSS concentrations within permit limits and 
when relatively unaffected by rainfall inflow or slug loads.  The appendices include DMR 
analytical data and summary, in-situ data at the time of sampling, and a summary of 
rainfall data preceding each sampling event.      

 
4.1  Field Measurements 
 

In-situ measurements, consisting of temperature, pH, and dissolved oxygen were 
taken in the effluent each time water samples were collected.  Measurements were made 
with a YSI multi-parameter meter.  The meter was calibrated daily in accordance with the 
GBMc Quality Assurance Plan (QAP).  Effluent flow, as measured by facility monitoring 
equipment, was recorded at each sample time.  Routine DMR sampling was conducted 
on the same day as sampling efforts for the various WER studies. 
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4.2  Analytical Methodology 
 

Samples were analyzed in the laboratory according to the procedures outlined in 
the most current release of Standard Methods for the Examination of Water and 
Wastewater using specific EPA approved methods.  Table 3 summarizes the EPA 
approved analytical methods used by the laboratory during the study.  American Interplex 
Laboratories, Little Rock, Arkansas completed both the analytical work and the WER 
toxicity tests.  Table 4 provides a summary of analyses conducted during the study. 

 
Table 3.  Analytical methods followed during the WER study. 

Parameter Method Preservative1 Holding Time 
Total Metal EPA200.7/200.8 4 ºC, HNO3 6 Months 
Dissolved Metal EPA200.7/200.8 4 ºC, HNO3 6 Months 
T. Hardness SM2340B 4 ºC, HNO3 6 Months 
T. Alkalinity  SM 2320B 4 ºC 14 Days 
TSS SM2540D 4 ºC 7 Days 
TOC SM5310C 4 ºC, H2SO4 28 Days 
DOC SM5310C 4 ºC 28 Days 
TDS SM2540C 4 ºC 7 Days 

1  All chemical preservatives added after sample composite.  

 
Table 4.  Analysis conducted in conjunction with the WER toxicity testing.1 

 Water Sample Source  
Analytical Parameter Effluent Moderately hard lab water Selected spiked test 

dilutions 2, 3 
Total Metal X X X 
Dissolved Metal X X X 
Total Hardness X X  
Total Alkalinity X X  
pH X X X 
TSS X X  
TOC X X  
DOC X X  
Specific conductance X X X 
TDS X   
Dissolved oxygen  X X 
Temperature  X X 
Routine DMR 
parameters 

Routine parameters were analyzed by the permittee as part of routine monitoring 
on the same day as WER study samples are collected.  Routine parameters 
include BOD, TSS, NH3-N, DO, T. Cadmium, T. Chromium, T. Copper, T. 
Selenium, T. Silver, T. Zinc, pH.  The analytical data from this sampling can be 
found in Appendix B.   Chlorides, Sulfates, and TDS are required monthly. 
However their scheduled analysis did not coincide with the WER sampling efforts 
therefore no data is available.  

1  The normal battery of chemistry completed for routine biomonitring tests (pH, temperature, conductivity, dissolved oxygen, 
etc.) was completed during each WER test. 

2  Test treatments that bracket the LC50 were tested for these parameters.  The lowest treatment that exhibited 100% mortality, 
the highest treatment that exhibited no effect, and the control were also tested for these parameters.  

 3  Dilutions were prepared using copper sulfate. 



January 27, 2017 – Revised August 21, 2017 7 

5.0  WER TOXICITY TESTING DESIGN 
 

5.1  Copper 
 

The “Streamlined Water-Effect Ratio Procedure for Discharges of Copper” allows 
for use of one of two test species for toxicity testing in WER development.  For this study, 
Cerodaphnia dubia was chosen as the test organism.  Ceriodaphnia dubia were exposed 
to a number of copper treatments under static non-renewal conditions for 48 hours in the 
site water mixture (100% effluent) and in laboratory control water (moderately hard 
reconstituted).  Concentrations of copper for the testing were based on a dilution series 
of 0.65.  Details of the testing procedure can be found in Table 5.  A summary of the 
methodology is presented below. 

Ceriodaphnids were exposed to various spiked copper concentrations in lab water 
tests and site water tests using cupric sulfate 5-hydrate as the spiking agent.  Test 
organisms were exposed to the copper treatments in 30 mL disposable beakers 
containing 15 mLs of test solution.  A summary of test conditions is provided in Table 5.  
A control (lab water) that was not spiked with copper was run with each test.  Spiked 
copper concentrations in the site water tests were prepared to range from 29.0 g/L to 

250 g/L (nominal values).  Spiked copper concentrations in the lab water tests ranged 

from 1.7 g/L to 15.0 g/L (nominal values).  Spiking solutions for both the lab water and 
site water tests were made from the same laboratory water and spiking agent.  However, 
different solutions were created for the site water and lab water tests as the spiking 
concentrations were different. 

Standard randomization techniques for toxicity testing were utilized in the WER 
test.  A random number generator was used to develop a template to select which 
organisms are selected from the 60 cup test board.   

Tests were considered acceptable if control survival was equal to or greater than 
90% and if the associated reference toxicity results fell within the upper and lower 
warning limits developed at the laboratory for each individual species.  Test results used 
for WER development also met the following criteria: 

 
 at least one treatment other than the control should exhibit mortality less than 

50%; 
 the percent of organisms affected should be greater than 50% in at least one 

treatment;  
 the concentration of dissolved copper in test treatments should not decrease 

by more than 50% from the initial measurement to the final measurement; and 
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 the lab water LC50’s should be within the range of LC50’s determined in lab 
water at other laboratories under similar conditions. 

 
 
Table 5. Summary of test conditions for copper WER toxicity testing. 

Parameter Test condition (Lab Water) Test Condition (Site Water Mix) 
Test Type 48-h Acute static non-renewal 48-h Acute static non-renewal 
Chemical Test Copper Copper 
Temperature 25°C 25°C 
Light Quality Ambient Laboratory Ambient Laboratory 
Light Intensity 50-100 ft-c 50-100 ft-c 
Photoperiod 16h light, 8h dark 16h light, 8h dark 
Test Chamber Type 30 mL minimum 30 mL minimum 
Test Solution Volume 15 mL minimum 15 mL minimum 
Solution Renewal None1 None1 
Age of Test Organisms <24-h <24-h 
No. Organisms/Chamber 5 5 
No. of Replicate Chambers 4 4 
Feeding Regime None None 
Aeration None None 
Dilution Water (Test Water) Moderately Hard Reconstituted Effluent  
Dilution Ratio 0.65 0.65 
Number of treatments (metal 
concentrations) 

6 treatments (15, 10, 6, 4, 3, 2 
µg/L) 

6 treatments (250, 163, 106, 69, 45, 
29  µg/L) 

Highest Copper Concentration 15 µg/L 250 µg/L 
1 Copper concentrations were measured in the test solution before test initiation and at the conclusion of the 

testing.   
 

An LC50 was calculated for each test (site water mix (SWM) and lab water (LW)).  
Note that the original lab reports found in the appendices show LC50 calculations with 
the final copper concentrations.  However, a lab report is also included which shows the 
LC50 calculations using a time weighted average copper concentration throughout the 
test.  The time weighted average LC50 calculations were utilized in the WER calculations. 
To account for hardness differences, the LC50 of the SWM was normalized to the 
hardness of the lab water.  The equation used to normalize the copper LC50 is presented 
below.   

 
Normalization Equation for Copper 

Copper Normalized LC50 = SWM LC50 * (Lab water Hdns/ SWM Hdns)0.9422 
 
The ratio of SWM-LC50/LW-LC50 is the WER for that test.  Individual WERs were 

calculated as the lesser of the site water LC50 divided by the laboratory water LC50, or 
the site water LC50 divided by the species mean acute value (SMAV).  The final WER 
(fWER) is calculated as the geometric mean from the results of the individual WERs.  EPA 
and OWRB guidance for the calculation of a WER are expressed as the inverse of each 
other.  For the purposes of this study calculations will be shown according to the EPA 
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method as this is the commonly accepted calculation.  A conversion to the Oklahoma 
specific OWRB defined WER will be provided at the conclusion of the report.   

 
EPA defined WER 

SWM-LC50 / Lesser of LW-LC50 or SMAV 
 

 
OWRB defined WER 

Lesser of LW-LC50 or SMAV / SWM-LC50 
 

5.2  Dissolved Translator  
 

 A dissolved translator was developed using eleven grab samples analyzed 
for total and dissolved copper.  Samples were collected on individual days.  The samples 
were collected separately from the WER samples using clean sampling techniques.  
Copper data from the samples collected for the toxicity testing portion of the WER study 
was not utilized.  However, the results were consistent with the data utilized for the 
translator calculation.   
 

6.0  DATA HANDLING AND QUALITY ASSURANCE/QUALITY 
CONTROL 

 
The laboratory’s toxicity test results, analytical results, chain of custody forms and 

laboratory sheets were reviewed and necessary data recorded in a spreadsheet format.   
Quality assurance and quality control measures taken during this study followed 

that of the project workplan included as Appendix A.   
 

7.0  RESULTS 
 

Several trips were made for the collection of samples for the WER and dissolved 
translator development from May through September 2016.  Table 6 summarizes 
sampling efforts for each of the trips.  Note that the first attempt to conduct the WER study 
(6/27/16) was not completed due to errors within the laboratory.  Improper acid washing 
of laboratory equipment resulted in <24 hour failure of all samples including controls.  No 
report was generated by the laboratory. 
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Table 6. Summary of WER tests performed for each sampling effort. 

Date WER Study 
Dissolved 
Translator 

Notes 

5/3/16 X  X Rangefinding test.  Sampled by GBMC. 
6/27/16  

X X 
WER test was invalid due to laboratory 
errors.  No lab report was issued.  Sampled 
by GBMC. 

6/28/16  X Sampled by GBMC. 
7/6/16  X Sampled by Idabel staff. 
7/7/16  X Sampled by Idabel staff. 
7/20/16  X Sampled by Idabel staff. 
7/21/16  X Sampled by Idabel staff. 
7/26/16 X X WER-1 test.  Sampled by GBMC. 
7/27/16  X Sampled by GBMC. 
7/28/16  X Sampled by Idabel staff. 
9/27/16 X X WER-2 test.  Sampled by GBMC. 

  

7.1  Water Quality Results Associated with WER Development 
 

A summary of the analytical results of samples collected during the WER study 
from the SWM and from the moderately hard lab water are presented in the Water Quality 
Results summary found in Appendix B.  In-situ and flow data from Outfall 001 at the time 
of sampling can be found on the in-situ summary also found in Appendix B.  Results from 
composite sampling for routine permit required DMR sampling conducted on the same 
days as WER study sampling can be found in the DMR Data Summary of Appendix B.  
Corresponding laboratory reports are located in Appendix D of the report.  
  

7.2  Toxicity Test Results Used for WER Development 
 

7.2.1  Copper 
 

Acute 48-hour static non-renewal toxicity tests were conducted for copper WER 
development.  Two tests using Ceriodaphnia dubia were completed for copper. Both tests 
met acceptance criteria for use in developing the fWER.  Complete laboratory reports are 
presented in Appendix D.  A summary of the results of each test utilized in the 
development of the fWERs is presented in Tables 7 and 8.  

 
Table 7.  Ceriodaphnid toxicity test results for Total Copper.   

Site Water  Lab Water  
Total Copper1 

(g/L) 
(% Survival at 48-h) Total Copper1 

(g/L) 
(% Survival at 48-h) 

Test Date: 7/26/16  
Control 100 Control 100 

38.1 100 2.8 100 
50.4 100 3.47 100 
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Site Water  Lab Water  
Total Copper1 

(g/L) 
(% Survival at 48-h) Total Copper1 

(g/L) 
(% Survival at 48-h) 

Test Date: 7/26/16  
71.9 100 4.42 100 
108 100 5.55 100 
152 0 8.36 15 
248 0 12.7 0 

LC50 128 µg/L LC50 7.25 µg/L 

Test Date: 9/27/16  

Control 100 Control 100 
30 100 2.72 100 

45.4 100 3.95 95 
69.4 100 5.45 80 
98.3 100 7.48 60 
151 5 11.2 0 
251 0 17.2 0 

LC50 125 µg/L LC50 7.17 µg/L 
 1Time weighted average concentrations. 
 

Table 8.  Ceriodaphnid toxicity test results for Dissolved Copper. 
Site Water  Lab Water  

Dissolved 
Copper1 (g/L) 

(% Survival at 48-h) Dissolved 
Copper1 (g/L) 

(% Survival at 48-h) 

Test Date: 7/26/16 
Control 100 Control 100 

32.7 100 2.48 100 
42.1 100 3.02 100 
60.6 100 3.87 100 
88.8 100 5.02 100 
125 0 7.72 15 
194 0 12.3 0 

LC50 105µg/L LC50 6.66 µg/L 

Test Date: 9/27/16 

Control 100 Control 100 
26.6 100 2.6 100 
39.3 100 3.3 95 
59.8 100 5.12 80 
88 100 6.94 60 

126 5 10.2 0 
210 0 16.1 0 

LC50 108 µg/L LC50 6.62 µg/L 
1Time weighted average concentrations. 
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7.3  Water Effect Ratio Development 
 

WERs are developed as the ratio of the LC50 in the site water mix divided by the 
greater of the LC50 in the lab water or the SMAV.  In order to mitigate the effects of 
elevated water hardness on the LC50, each SWM LC50 and SMAV were normalized to 
the hardness of the lab water.  Normalizing hardness in this manner eliminates any effect 
from reduced toxicity a metal may display due to hardness alone.  For both tests the 
hardness normalized SMAV LC50’s were greater than the lab water LC50s and were 
therefore used for WER calculation.  WERs were developed for both total and dissolved 
copper.  Table 9 below depicts LC50s and WERs for the copper tests.    

 
Table 9.  Summary of Copper LC50s and WERs. 

 
SWM 
LC50 

SWM LC50 
(normalized)

Lab 
Water 
LC50 

WER 
SMAV 
LC50 

SMAV LC50 
(normalized) 

WER 

WER-1 
Total 

125 160.7 7.25 22.16 24 23.5 6.82 

WER-1 
Dissolved 

105 131.8 6.66 19.79 22.11 21.7 6.08 

WER-2 
Total 

125 158.9 7.17 22.16 24 21.5 7.39 

WER-2 
Dissolved 

108 137.3 6.62 20.74 22.11 19.8 6.93 

*Copper Normalized LC50 = SWM LC50 * (Lab water Hdns/ SWM Hdns)^0.9422 
WER-1 SWM Hardness = 77 mg/L, LW=98 mg/L 
WER-2 SWM Hardness = 69 mg/L, LW = 89 mg/L 
   

 
The fWER for use in recommending amendment of the copper criteria in the 

Oklahoma WQS was developed from the most stringent of either the hardness normalized 
lab water WER or the hardness normalized SMAV WER.  Additionally, the total and 
dissolved WERs were compared to find the more stringent.  After comparison, it was 
determined the dissolved copper WERs were the most stringent and were therefore be 
the focus of the fWER calculation.   
 The fWER, which is used to adjust the existing copper criteria to create site-specific 
criteria, is calculated as the geometric mean of all acceptable WERs from the study.  A 
minimum of two acceptable WERs are required for calculation of an fWER according to 
the “Streamlined” method.  For this study the two most stringent WERs from the 
ceriodaphnid acute site water tests were calculated from the hardness normalized site 
water mix and SMAV for dissolved copper.  WER-1 was 6.08 and WER-2 was 6.93, 
resulting in an fWER of 6.49.  The fWER is applicable to either the chronic criterion or 
the acute criterion. 
  



January 27, 2017 – Revised August 21, 2017 13 

fWER Geometric Mean Calculation 
 

fWER = exp [  ln(WERi) / n ] 
Where: n = number of acceptable WERs 
  WERi = WER from ith test 
 
As previously stated, the OWRB guidance defines a WER as the ratio of the lab 

water LC50 to the site water mix LC50.  This is the inverse of a WER as defined by the 
EPA guidance.  The table below provides the WERs and fWERs shown in both formats.   

 
Table 10. EPA and OWRB fWERs for copper. 
 EPA WER OWRB WER 

WER-1 6.08 0.165 

WER-2 6.93 0.144 

Final WER 6.49 (fWER) 0.154 (WER) 

 
7.4  Dissolved Translator (f) 
 

A dissolved translator (f) was developed for copper to be used in conjunction with 
the fWER in amending the Oklahoma WQS criteria for copper.  A dissolved translator is 
calculated using the following calculation: 

 
f = dissolved concentration of metal/total concentration of metal   
 

Results from eleven samples used in calculating a dissolved translator for copper 
are found in Table 11.   

 
Table 11. Results of clean metal sampling for the dissolved translator. 

  

Copper (µg/L) 

Total Dissolved 

5/3/2016 2.2 1.2 

6/27/2016 6.8 5.6 

6/28/2016 4.8 3.3 

7/6/2016 4.3 3.4 

7/7/2016 2.9 3.0 

7/20/2016 7.8 6.6 

7/21/2016 8.4 7.1 

7/26/2016 5.5 4.1 

7/27/2016 5.2 3.9 

7/28/2016 4.3 2.8 

9/27/2016 1.5 1.0 
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The geometric mean of the ratio of the dissolved to total metal concentrations for 
the ten samples is used as the dissolved translator (f) and is shown in Table 12.   

 
 

Table 12. Dissolved Translator  

  
  

Copper 

(Dissolved/Total) 
5/3/2016 0.55 

6/27/2016 0.82 

6/28/2016 0.69 

7/6/2016 0.79 

7/7/2016 1.03 

7/20/2016 0.85 

7/21/2016 0.85 

7/26/2016 0.75 

7/27/2016 0.75 

7/28/2016 0.65 

9/27/2016 0.66 

Geomean 
(f) (OWRB) 

0.75 

1/f (EPA) 1.33 

 

7.5  Criterion Translator (T) 
 
A criterion translator was calculated for copper using the calculated WER and 

dissolved translators.  Per the OWRB guidance, a criterion translator is defined as: 
  T = WER x f 

  
The table below shows the Criterion Translator (T) for copper.  Results are 

expressed to correlate with both EPA defined WERs and the OWRB guidance.  
 

Table 13. Criterion translators. 

 
WER Dissolved Translator (f) Criterion Translator (T) 

EPA OWRB EPA OWRB EPA OWRB 
Copper 6.49 0.154 1.33 0.75 8.62 0.116 
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8.0  CONCLUSIONS 
 

 
1. The site-specific criteria calculated in the study should be applied to Mud Creek.   The 

following presents the options for utilization of the study results as expressed in the 
Oklahoma Water Quality Standards (OAC Title 785. Chapter 45).   

 
FWERt = 0.1409  
FWERd = 0.1541 
f = 0.7527 
 
Ccst = 4.83 µg/L  Statewide Criterion 
Scst = 31.34 µg/L  Option 1 
Scst = 6.16 µg/L Option 2 
Scst = 39.97 µg/L Option 3 
 

  Cast = 6.56 µg/L  Statewide Criterion 
  Sast = 42.56 µg/L Option 1 
  Sast = 8.37 µg/L Option 2 
  Sast = 54.28 µg/L Option 3 
 

Idabel Public Works Authority requests amending the criteria utilizing Option 3 above.  
This results in a site specific WER adjusted copper acute criterion of 54.28 µg/L and a 
chronic criterion of 39.97 µg/L utilizing a final criterion translator (T) of 8.62 (0.1160 
OWRB) based upon an fWER of 6.49 (0.1541 OWRB) and a dissolved translator (f) 
of 1.33 (0.75 OWRB).  The criteria is calculated at an instream hardness of 32 mg/L. 

 
2. Based upon the OWRB WER Guidelines the final permit limits for total copper for the 

Idabel Public Works Authority could be removed from the permit if the amended 
criterion results in no reasonable potential; or if reasonable potential is exceeded, the 
final permit limit for copper could be amended considering the application of the 
criterion translator to the instream criteria. 

 
The current and WER adjusted site specific criteria resulting from use of the final 
criterion translator for copper is shown in Table 14. 
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Table 14. Current and WER adjusted aquatic toxicity criteria (at 32 mg/L hardness). 

Parameter 

Existing Hardness Dependent 
Aquatic Toxicity Criteria  

WER adjusted Hardness Dependent 
Aquatic Toxicity Criteria  

Acute Criterion 
(CMC) µg/L 

Chronic Criterion 
(CCC) µg/L 

Acute Criterion 
(CMC) µg/L 

Chronic Criterion 
(CCC) µg/L 

Copper 6.56 4.83 54.28 39.97 
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1.0  BACKGROUND/APPROACH 
 

The Idabel Public Works Authority is authorized to discharge treated wastewater 

under OPDES permit (Oklahoma Permit No. OK0027677) that became effective on 

November 1, 2012.  The permit allows for discharge of treated wastewater from Outfall 001 

at the treatment facility to Mud Creek.  Among the permit’s provisions are limits for priority 

pollutants including copper.  The numerical limits for copper are as follows:  

 

Parameter Concentration Limits 
Monthly Average (µg/L) Daily Maximum (µg/L) 

Copper, Total Recoverable 3.96 7.94 

 
Permit limits for the copper were calculated using the aquatic life criteria of the 

Oklahoma Water Quality Standards.  A water-effect ratio of 1.0 was assumed for purposes 

of the calculations. 

Biomonitoring is another required provision of the Idabel Public Works Authority 

NPDES permit.  The permit specifies that the 7-day chronic Pimephales promelas test and 

the 7-day chronic Ceriodaphina dubia test be completed quarterly.  Both lethal and 

sublethal endpoints are reported.  The critical (effluent) dilution required in the tests is 

100%.   

Since the issuance of the current permit, the facility has repeatedly failed to achieve 

required concentration limits for copper.  In order to address these repeated permit 

violations, the Idabel Public Works Authority proposes to conduct a water effect ratio (WER) 

study for copper (total and dissolved).  Results of the study will be used to develop site-

specific criteria allowing for adequate protection of aquatic life in the receiving stream. 

The WER study will be conducted following the “Streamlined Water-Effect 

Procedure for Discharges of Copper” (EPA, 2001).  The Oklahoma Water Resources Board 

“Guidance Document for the Development of Site-Specific Water Quality Criteria for Metals” 

(OWRB 2003) provides procedural information for developing site-specific criteria within the 

State of Oklahoma.  This document will be used in conjunction with the EPA methodology 

in development of an Oklahoma-defined final WER (fWER).  The OWRB document 
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provides methodology for the development of a dissolved translator (f).  This dissolved 

translator will be used in conjunction with the fWER to calculate a final criterion translator 

(T) which will be used to develop site-specific total recoverable criterion. 

 

2.0  SITE DESCRIPTION/DESIGN FLOWS 
 

The Idabel Public Works Authority discharges to Mud Creek (Planning Segment 

410200) via Outfall 001, which is located at Latitude 33º 51’ 14.621”, Longitude 94° 47’ 

22.200”.  The receiving stream travels from Mud Creek to the Little River then to Millwood 

Lake in western Arkansas.   The Outfall 001 discharge location is shown in Figure 1.   

The Statement of Basis for the NPDES permit currently in effect was reviewed for 

discharge and receiving stream design flow characteristics.  The effluent flow used as the 

basis for calculation of permit limits including copper and whole effluent toxicity (WET) was 

the POTW design flow of 1.65 MGD (2.56 cfs).  The background flow rate (7Q2) of Mud 

Creek used in calculation of the permit limits was the default value 1 cfs (0.6463 MGD). 

Aquatic life criteria (total) for copper for Mud Creek, based on a mean hardness 

concentration of 32 mg/L are shown below. 

 

Parameter Hardness Dependent Aquatic Toxicity Criteria for Mud Creek 
Acute Criterion (CMC) µg/L Chronic Criterion (CCC) µg/L 

Copper, Total 6.56 4.83 

 
The WET test requirements in the NPDES permit are for once per quarter chronic 

biomonitoring with a critical dilution of 100%.  The critical dilution reflects the percent 

contribution of effluent mixed with receiving water.  Therefore, since the chronic water 

quality criterion was the basis for the effective permit limits for copper and because the 

critical dilution for the chronic toxicity testing uses the same flow basis, the site water mix to 

be used for WER testing will contain no dilution from upstream receiving water.
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Figure 1.  Aerial photography showing the Idabel Public Works Authority WWTP Outfall 001 discharge 

location in Idabel, OK. 
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3.0  SAMPLING  
 

A minimum of three sampling trips will be conducted to collect samples of the Idabel 

Public Works Authority Outfall 001 for the copper WER test.  The initial trip will be 

performed to gather grab samples which will be used to determine a range of 

concentrations of copper to be used in the toxicity tests.  Remaining sample trips will involve 

the collection of composite samples required to complete the WER study including quality 

control and analysis of routine DMR parameters to ensure effluent conditions are 

representative of normal discharge.   Sampling efforts for the study will also incorporate 

clean metals sampling and analysis to develop a dissolved translator.  A minimum of 10 

different samples is required to develop a site-specific translator.  Multiple samples for total 

and dissolved metals analysis may be collected during the scheduled sampling trips.  

However, samples taken for the development of the dissolved translator will not be taken at 

a frequency greater than one per day.    

Composite samples collected for the copper WER study will be collected using the 

procedures found below.  During a single sampling trip, four individual effluent samples will 

be collected from Outfall 001 over a 6 hour time period during normal facility operating 

conditions.  These samples will be composited on a flow-weighted basis in the laboratory to 

create the site water mix (SWM).  Typical practice for composite sampling is done over 24-

hours.  However, 6-hour composite samples have been approved by ODEQ for the facility’s 

DMR sampling and this reduced sampling time is believed to be representative due to 

retention time within the wastewater treatment system.  Therefore, for purposes of the WER 

study, composite sampling will still be utilized but over a shortened (6-hour) length of time.  

Grab samples will be utilized for development of the dissolved to total metal translator. 

Clean techniques sampling (modified), following EPA Method 1669 will be utilized for 

the water sample collection.  Samples for WER toxicity testing for copper will be made at a 

minimum of one month apart.  All sampling will occur during times of normal facility 

operation when CBOD and TSS concentrations are within permit limits, and when relatively 
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unaffected by rainfall inflow or slug loads.  The sampling team will coordinate with facility 

personnel to ensure the facility and wastewater treatment systems are operating normally, 

with no upset conditions.  The effluent flow and in-situ measurements at the time of the 

samples will be recorded.  Information necessary for the laboratory to composite all 

samples will be specified on Chain of Custody (COC) forms prepared for the project.   

 Due to the nature of the facility, its processes, and the wastewater treatment system 

the effluent discharge from Outfall 001 is relatively unaffected by rainfall.  Additionally, the 

WER study is being conducted using 100% effluent.  Therefore, the need to conduct the 

study during low flow conditions is not applicable.  However, this condition of the guidance 

is noted and sampling efforts will be conducted during low-flow conditions to the extent 

practicable, when no recent significant rainfall events have occurred.  Rainfall data for the 

area will be evaluated for the 2 weeks preceding each sampling event.   

 

3.1  Sample Handling and Custody 
 

After the samples have been collected, care will be taken in transporting the samples 

to the contract laboratory for analyses.  All samples will be placed in the appropriate clean 

containers supplied by the laboratory with no air space in the sample container.  Each 

sample container will be labeled with the sample I.D., date, time, and initials of collector(s).  

Samples will be placed in ice chests and maintained at 4º C for delivery to the laboratory in 

a timely manner in order to meet regulatory holding times.  COC forms that include 

information on each sample delivered to the laboratory for analysis will be completed.  Each 

COC form will be signed by each person handling the samples from collection in the field to 

receipt in the laboratory.  The COC form will include all required information and will be 

checked for completeness prior to submission of samples to the laboratory.   

 

3.2 Analytical Methodology 
 

Samples will be analyzed in the laboratory according to the procedures outlined in 

the most current release of Standard Methods for the Examination of Water and 

Wastewater.  Where specific EPA approved analysis methods exist, the laboratory shall 



Idabel Public Works Authority 
WER Workplan 

Project # 3040-15-050 
July 15, 2015 
Page 6 of 15 

use them.  Table 1 summarizes the analytical methods to be used during the study.  

American Interplex Laboratories, Little Rock, Arkansas will complete both the analytical 

work and the WER toxicity tests.  Analyses required for the WER study are shown in Table 

2. 

 
Table 1.  Analytical methods to be followed during the WER study. 
Parameter Method Preservative1 Holding Time 
Total Copper EPA200.7/200.8 4 ºC, HNO 6 Months 3 
Dissolved Copper EPA200.7/200.8 4 ºC, HNO 6 Months 3 
T. Hardness EPA200.8 4 ºC, HNO 6 Months 3 
T. Alkalinity  SM 2320B 4 ºC 14 Days 
TSS SM2540D 4 ºC 7 Days 
TOC SM5310C 4 ºC, H2 28 Days SO4 
DOC SM5310C 4 ºC 28 Days 
TDS SM2540C 4 ºC 7 Days 

1

 
All chemical preservatives added after sample composite and/or dilution sub-sampling.  

Table 2.  Analysis to be conducted in conjunction with the WER toxicity testing.1 
 Water Sample Source 
Analytical Parameter Effluent 

(SWM) 
Lab water Selected spiked test dilutions2, 3 

Total Copper X X X 
Dissolved Copper X X X 
Total Hardness X X  
Total Alkalinity X X  
pH X X X 
TSS X X  
TOC X X  
DOC X X  
Specific conductance X X X 
TDS X   
Dissolved oxygen  X X 
Temperature  X X 
Routine DMR 
parameters 

Routine parameters will be analyzed by the permittee as part of routine monitoring on 
the same day as WER study samples are collected.  Routine parameters include 
BOD, TSS, NH3-N, DO, Chlorides, Sulfates, TDS, T. Cadmium, T. Chromium, T. 
Copper, T. Selenium, T. Silver, T. Zinc, pH. 

1  The normal battery of chemistry completed for routine biomonitoring tests (pH, temperature, conductivity, dissolved 
oxygen, etc.) should be completed during each WER test. 

2  At a minimum the test treatments that bracket the LC50 must be tested for these parameters.  The lowest treatment that 
exhibited 100% mortality, the highest treatment that exhibited no effect and the control should each also be tested for 
these parameters. 

3  Dilutions will be prepared using copper sulfate. 
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4.0  TESTING DESIGN 
 

4.1  Copper WER 
 

The “Streamlined Water-Effect Procedure for Discharges of Copper” (EPA 2001) 

and OWRB guidance will be followed for development of a water-effect ratio specifically for 

copper.  A minimum of two WER toxicity test sets (consisting of a toxicity test using a SWM 

of 100% effluent; and a lab water toxicity test) will be conducted using Ceriodaphina dubia.  

Toxicity tests or both the SWM and lab water will be 48 hour acute static non-renewal tests.  

A summary of copper WER test conditions for Ceriodaphina is presented in Table 5. 

   

Table 5. Summary of test conditions for copper WER toxicity testing. 
Parameter Test condition (Lab Water) Test Condition (Site Water Mix) 
Test Type 48-h Acute static non-renewal 48-h Acute static non-renewal 
Chemical Test Copper Copper 
Temperature 25°C 25°C 
Light Quality Ambient Laboratory Ambient Laboratory 
Light Intensity 50-100 ft-c 50-100 ft-c 
Photoperiod 16h light, 8h dark 16h light, 8h dark 
Test Chamber Type 30 mL minimum 30 mL minimum 
Test Solution Volume 15 mL minimum 15 mL minimum 
Solution Renewal None None1 1 
Age of Test Organisms <24-h <24-h 
No. Organisms/Chamber 5 5 
No. of Replicate Chambers 4 4 
Feeding Regime None None 
Aeration None None 
Dilution Water (Test Water) Moderately Hard Reconstituted 100% Effluent  
Dilution Ratio 0.65 0.65 
Number of treatments2 6 treatments (15, 9.8, 6.3, 4.1, 2.7, 

1.7 µg/L) 
 (metal 

concentrations) 
To be determined by range finding 
test. 

Highest Copper Concentration 15 µg/L To be determined by range finding 
test. 

1  Copper concentration will be measured in the test solution before test initiation and at the conclusion of the 
testing.   

2

 
  Treatment number and concentration may vary based on results of first WER testing.   

Individual WERs (EPA methodology) will be calculated as the lesser of the site water 

(effluent) LC50 divided by the laboratory water LC50, or the site water LC50 divided by the 

species mean acute value (SMAV).  Lab water used for tests will be reconstituted 

moderately hard water.  The laboratory water LC50, SMAV, and SWM LC50 will be 
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normalized to the same hardness value.  The fWER will be calculated as the geometric 

mean from the results of the individual WERs.  

 

4.2  Dissolved Translator 
  

A dissolved translator will be developed according to procedures outlined in 

“Guidance Document for the Development of Site-Specific Water Quality Criteria for Metals” 

(OWRB 2003).  This translator will be used in conjunction with the WER to develop site-

specific total recoverable criterion as opposed to the default statewide dissolved criterion.  A 

minimum of ten samples from Outfall 001 will be collected and analyzed for dissolved and 

total copper.  For this portion of the study, grab samples will be collected using clean 

sampling techniques.   

 

5.0  DATA HANDLING AND INTERPRETATION 
 

The laboratory’s toxicity test results, analytical results, chain of custody forms and 

laboratory sheets will be reviewed for QA/QC and the data will be recorded in a 

spreadsheet format.  Calculations will then be performed to develop a final water effect ratio 

(fWER), a dissolved translator (f), and a final criterion translator (T).  The OWRB guidance 

for calculation of a WER is expressed as the inverse of the EPA guidance.  Calculations for 

the WER will be expressed by both the EPA guidance and according to the OWRB 

guidance to agree with the dissolved translator and final criterion translator portions of the 

OWRB guidance.  

An LC50 will be calculated for each SWM test and each lab water test using the 

copper concentrations measured in the test dilutions.  Each SWM LC50 will be normalized 

to the hardness of the lab water test using the hardness equation for copper.  The equation 

used for hardness normalization is provided below: 
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Copper - Normalized LC50 = SWM LC50 * (Lab water Hdns/ SWM Hdns)

   (4 significant digits should be maintained in calculations) 

0.9422 

 

Once the LC50’s have been calculated for each test the ratio of the SWM LC50 / 

LW LC50 or the SWM LC50 / SMAV (whichever is less) is the WER ratio for that test pair.  

The reciprocal of this value will represent the WER according to the OWRB guidance.  A 

WER will be calculated for each pair of toxicity tests completed.  This should result in a total 

of 2 copper WER’s for ceriodaphnids.  The fWER is calculated as the geometric mean of 

the two WER’s.   

The dissolved translator (f) will be calculated as the ratio of dissolved metal / total 

metal from 10 or more acceptable samples.   

A final criterion translator (T) will be determined by calculating the product of the 

fWER and the dissolved translator (fWER x f = T).  The statewide dissolved criterion will be 

divided by the criterion translator (T), which is the product of the Oklahoma-defined 

dissolved fWER and f, to obtain a site-specific total recoverable criterion.  Subsequent to 

calculation of the revised water quality criterion, the facility’s permit limits will be revised to 

reflect the new in-stream criterion resulting from the WER(s). 

 

6.0  QUALITY ASSURANCE/QUALITY CONTROL 
 

Trained scientists will conduct or supervise the field sampling and other associated 

activities at the sample location.  Notes will be kept in field notebooks and/or specific field 

data forms that record information collected during the study, unusual observations, and a 

log of each day’s activities.  All data forms, calibration logs, field notes, and other study 

documentation will be reviewed by the Project Manager or Senior Scientist for 

completeness and accuracy. 
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6.1  Sample Collection QA/QC 
 

Duplicate samples for key constituents (e.g. metals, TSS, etc.) shall be collected on 

10% of the samples during the study.  Duplicate samples should vary by no more than 30% 

relative percent difference (RPD) or the sample results will be considered suspect.  In the 

event an RPD exceeds 30%, the Project Manager will investigate the incident to determine 

the cause of the exceedance and what action, if any, is necessary. 

One field blank will be collected during each sample event for analysis of total metals 

(copper and zinc).  Field blanks will consist of a sample of ultra pure laboratory water 

poured into the appropriate sample container in the field to simulate all possible 

contaminant exposures. Sampling methodology and equipment must be the same for field 

blanks as for routine sampling in the study. If a field blank is found to be contaminated, 

(>120% of the MDL) by a chemical of concern, an analysis will be conducted to determine 

the potential impact of the contamination on the results of the associated batch of samples.  

The Project Manager will determine the appropriate course of action from the results of the 

analysis. 

 

6.2  Analytical QA/QC 
 

The laboratory will validate analytical data by use of blanks, laboratory controls, 

spikes, and spike duplicates.  Laboratory blanks measure the amount of each respective 

analyte contributed from the analytical procedure.  A laboratory blank is considered out of 

control for a specific analyte if the value exceeds the higher of either the minimum detection 

limit (MDL) or 5% of the measured concentration in the sample.  A laboratory control 

measures the ability of the laboratory to recover an analyte from a blank matrix.  The 

laboratory spike sample is used to evaluate the laboratory’s ability to recover an analyte in 

the sample matrix.  The QC exceedance criteria for laboratory controls and spikes is based 

on upper and lower control limits derived from the laboratory’s method specialized limits.  

The laboratory spike duplicate is used to evaluate the laboratory’s precision (ability to attain 

similar analytical results from duplicate samples).  A RPD is calculated for the spike and 

spike duplicate.  The RPD is compared to method specialized limits to determine QC 
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exceedance.  Any significant excursion from one of the QC parameters will result in a 

repeat of the analysis in question following an investigation by the laboratory as to the 

cause of the QC excursion and a report of the corrective actions taken. 

 

6.3  Toxicity Testing QA/QC 
 

Toxicity testing will be completed following EPA method 2002.O for the Ceriodaphina 

and EPA method 2000.D for the fathead minnow.  Specific conditions are outlined in 

Section 4.0 of this study plan.  Test acceptance criteria will meet standard method 

requirements: 

 

1. 90% survival in controls; and 

2. Laboratory organisms must be in the labs normal acceptable range for 

reference toxicity testing.  

 

Initial metal concentrations will be compared to the final metal concentrations in the 

WER tests to ensure a sufficient concentration of metal was present throughout the 

duration of the test. Dissolved oxygen will be monitored on a daily basis to ensure levels 

remain within acceptable limits during laboratory testing.  Should oxygen levels drop below 

3.0 mg/L, test treatments will be renewed or aerated as appropriate. 

 

6.4  General QA/QC Procedures and Information 
 

GBMc & Associates conducts scientific studies (both field and laboratory) in support 

of regulatory applications in various media including water and wastewater.   An integral 

part of any successful scientific study is the Quality Assurance Plan and/or site specific work 

plan.  Large-scale and/or long-term studies such as water quality modeling require a 

rigorous quality assurance program that can be implemented consistently by all participants 

throughout the duration of the study period.  Study teams with GBMc & Associates are 

provided a copy of the GBMc & Associates Quality Assurance Plan (QAP) and, if available, 

a Study Work Plan to follow throughout the course of each study.  GBMc & Associates’ full 
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QAP is available upon request.  If a project specific plan exists for a given study, its 

procedures will supercede those of the GBMc

 

 & Associates QAP, unless otherwise 

determined.  The QAP contains information regarding quality assurance and quality control 

activities and procedures designed to facilitate the production of scientifically defensible 

data with a high level of accuracy and precision.  Activities governed by this plan include: 

1. aquatic ecology field studies, 

2. general field operations, 

3. sampling/monitoring programs, and 

4. data reporting activities. 

 

The QAP is composed mostly of standard operating procedures (SOPs) designed to 

provide methodology pertinent to completion of tasks in a consistent and defensible 

manner.  All SOPs are based on accepted methodologies found in documents published by 

groups such as US-EPA, USGS, and Water Environment Federation (WEF).  These SOPs 

are modified to take specific requirements into account when appropriate.  Generally, 

modifications of SOPs based on state specific requirements are minor changes to the 

procedures followed by GBMc personnel.  The following sections provide general quality 

assurance/quality control guidance that supports the SOPs found in the Quality Assurance 

Plan for GBMc

 

 & Associates, Scientific and Field Studies.   

6.4.1  Key Personnel 
 
Ultimate authority on any project falls into the hands of a GBMc & Associates 

Principal who must approve all study plans and reports.  Each study team is headed by a 

Project Manager who has oversight responsibility for the study procedures, applications, 

and the data generated.  During field studies a designated field team leader, usually the 

Senior Scientist, will be in charge of the field operations.  The field team leader is 

responsible for completion of data collection following appropriate QA/QC guidelines. Each 

study team member is responsible to ensure that the appropriate procedures are followed 
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and that safety and ethical standards are maintained to ensure the highest quality study 

results. 

 

6.4.2  Training 
 
All personnel participating in studies have been trained by experienced 

scientists/engineers to complete the necessary tasks or are in the process of being trained 

with appropriate oversight.  Personnel participating in scientific studies shall be familiar with 

the SOPs appropriate to that particular study and the QAP.  Personnel participating in 

scientific studies conducted pursuant to specific procedures specified by a regulatory 

authority (e.g., a state or federal environmental agency) shall be familiar with those specific 

procedures. 

 

6.4.3  Field Trip Preparation 
 
To ensure that all field activities can be conducted completely and efficiently, field 

teams will complete a Field Equipment Checklist prior to loading for the trip to ensure all 

necessary equipment is identified.  The field team will check the condition and confirm 

proper function of all equipment and supplies before traveling to a site. In addition, they will 

prepare sample containers and labels for use to the extent possible prior to departure to the 

study site. 

 

6.4.4  Instrument Inspections and Performance Tests 
 
Where appropriate, calibration and performance tests are described in the SOP of 

the respective application.  Generally, all equipment will be utilized per the manufacturer’s 

directions.  If during the course of the field activities equipment fails to conform to known 

QA/QC requirements, the equipment will be repaired or replaced with similar equipment that 

will meet QA/QC requirements.   
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6.4.5  Equipment Care and Maintenance 

 
Equipment cleaning and maintenance procedures will follow manufacturer 

recommendations.  Each day during a field trip equipment should be inspected before use 

(during calibration, etc.) to ensure functionality. All equipment will be inspected and cleaned 

immediately following a field trip and stored in a safe place to allow its future readiness.  

Portable field meters should be calibrated in the lab at least once a month to monitor 

readiness. 

 
6.4.6  Assurance of Complete Data Collection  
 
Upon conclusion of all activities at a given study location, the study plan should be 

reviewed to ensure all necessary data was collected.  The field team should review all 

completed data forms and sample labels for accuracy, completeness, and legibility, and 

make a final inspection of samples. If information is missing from the forms or labels, the 

team leader should fill in the missing information prior to proceeding to the next study 

location.  Any missing and/or compromised samples should be collected immediately.  A 

field notebook should be maintained by the field team leader (at a minimum) to document 

field activities, data collected, deviations from method, and general observations and 

information related to the study.  Every person should maintain individual field logs to 

document activities and observations during daily activities. 

 

6.4.7  Data Handling and Analysis 
 
All data collected during scientific studies should be checked by the team leader for 

completeness and accuracy.  Field data forms should be complete and initialed by the 

completing scientist and the reviewing scientist.  Data entry to spreadsheets and databases 

along with spreadsheet calculations shall be checked for accuracy at a rate of 10% 

(minimum) of the entries and calculation cells.  Copies of the checked data and 

spreadsheets should be initialed by the reviewer and retained in the records.  All 

calculations should be detailed in the body of written reports, or shown on GBMc & 
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Associates Calculation Pages.  Good notes regarding calculations should be kept and filed 

in the project notebook.  All scientific reports shall be peer reviewed and/or reviewed by the 

Project Manager prior to approval by a GBMc

 

 & Associates Principal. 

7.0  REPORTING 
 

Upon completion of the study, a complete report containing methods, test results, 

and measurements performed during the study (including sample custody forms, toxicity 

test data sheets, reference toxicant control charts, analytical chemistry reports, and 

statistical analyses); calculation procedures for fWERs, dissolved translators, total criterion 

translator for copper; recommendations for criteria modification; and QA/QC discussion will 

be prepared and submitted to the Oklahoma Water Resources Board for review and 

approval. 

 

 

 



Appendix B  
Summary of Analytical Data 



  
In-situ Measurements



Idabel PWA

3040‐15‐050

In‐Situ Data

Date Time Sample ID Flow Temperature SPC D.O.  D.O.

(MGD) (⁰C) (µs/cm2) (%) (mg/L)

7/26/2016 0700 001‐1 0.652 27.6 447 86.2 6.77

7/26/2016 0900 001‐2 0.922 27.9 750 95.1 7.45

7/26/2016 1100 001‐3 0.866 28.6 343 98.2 7.61

7/26/2016 1300 001‐4 1.277 28.8 281 101.1 7.79

9/27/2016 0700 001‐1 0.864 23.8 466 73.4 6.17

9/27/2016 0900 001‐2 0.685 23.8 461 74.2 6.24

9/27/2016 1100 001‐3 0.897 24.2 459 80.9 6.76

9/27/2016 1300 001‐4 1.052 24.8 351 84.9 7.05

WER‐1 

WER‐2



  
DMR Data 

 



Idabel PWA

4040‐12‐050

DMR Data

Date NH3‐N BOD 5‐day TSS  Cd Cu Se Ag

(mg/L) (mg/L) (mg/L) (µg/L) (µg/L) (µg/L) (µg/L)

6/26/2016 0.83 ‐‐ ‐‐ < 0.2 < 10 < 5 < 0.2

6/27/2016 2.1 ‐‐ ‐‐ ‐‐ < 10 < 5 ‐‐

6/28/2016 2 4.1 4.8 ‐‐ 24 < 5 ‐‐

9/27/2016 0.63 ‐‐ ‐‐ < 0.2 < 10 < 5 < 0.2

9/28/2016 0.64 ‐‐ ‐‐ ‐‐ < 10 < 5 ‐‐

9/29/2016 0.58 < 2 6 ‐‐ < 10 < 5 ‐‐

Chlorides, Sulfates, and TDS are required by permit to be analyzed once per month.  These parameters 

were not sampled/analyzed during the WER study sampling efforts.



 
Water Quality Data 



Idabel PWA

3040‐15‐050

Summary of Water Quality Results

Site Water Mix (SWM)

Date D.O. pH Alkalinity Hardness Conductivity TOC DOC TSS TDS

(mg/L) (S.U.) (mg/L) (mg/L) (umhos/cm) (mg/L) (mg/L) (mg/L) (mg/L)

7/26/2016 6.3 14 77 340 9 7.9 4.4 320

9/27/2016 7.1 23 69 400 9.7 8.6 < 4 300

Lab Water (LW)

Date D.O. pH Alkalinity Hardness Conductivity TOC DOC TSS TDS

(mg/L) (S.U.) (mg/L) (mg/L) (umhos/cm) (mg/L) (mg/L) (mg/L) (mg/L)

7/26/2016 7.6 62 97.8 320 < 1 < 1 < 4 200

9/27/2016 8 55 89 270 < 1 < 1 < 4 180



  
Rainfall data 



Idabel PWA

3040‐15‐050

Rainfall Data for Idabel, OK

WER Sampling Trip #1 WER Sampling Trip #2

Date Rainfall (in.) Date Rainfall (in.)

7/12/2016 ‐ 9/13/2016 ‐

7/13/2016 ‐ 9/14/2016 ‐

7/14/2016 ‐ 9/15/2016 ‐

7/15/2016 ‐ 9/16/2016 ‐

7/16/2016 0.13 9/17/2016 ‐

7/17/2016 ‐ 9/18/2016 0.95

7/18/2016 ‐ 9/19/2016 0.9

7/19/2016 ‐ 9/20/2016 ‐

7/20/2016 ‐ 9/21/2016 ‐

7/21/2016 ‐ 9/22/2016 ‐

7/22/2016 ‐ 9/23/2016 ‐

7/23/2016 ‐ 9/24/2016 ‐

7/24/2016 0.6 9/25/2016 ‐

7/25/2016 ‐ 9/26/2016 ‐

7/26/2016 ‐ 9/27/2016 ‐

McCurtain County, Southeast Climate Division (CD 9)

33.93 N, 94.83 W

Idabel Mesonet Data Summary  Idabel Mesonet Data Summary 



  
Initial to Final Metal Concentrations 



Idabel PWA

3040‐15‐050

Initial to Final Copper Concentrations

WER‐1

7/26/2016

Effluent

Nominal Cu 

(µg/L)

Measured Total 

Cu (pre‐test) 

(µg/L)

Measured Total 

Cu (post‐test) 

(µg/L)

Time Weighted 

Average (µg/L) % Loss

Measured 

Dissolved Cu (pre‐

test) (µg/L)

Measured 

Dissolved Cu 

(post‐test) (µg/L)

Time Weighted 

Average (µg/L) % Loss

Mortality 

(n=20)

29.0 36.0 40.2 38.1 ‐11.67 30.7 34.7 32.7 ‐13.03 0

44.6 48.3 52.6 50.45 ‐8.90 39.7 44.5 42.1 ‐12.09 0

68.7 69.4 74.4 71.9 ‐7.20 57.1 64 60.55 ‐12.08 0

106.0 101 115 108 ‐13.86 83.2 94.5 88.85 ‐13.58 0

162.0 149 154 151.5 ‐3.36 121 129 125 ‐6.61 20

250.0 245 250 247.5 ‐2.04 185 204 194.5 ‐10.27 20

Laboratory Water

Nominal Cu 

(µg/L)

Measured Total 

Cu (pre‐test) 

(µg/L)

Measured Total 

Cu (post‐test) 

(µg/L)

Time Weighted 

Average (µg/L) % Loss

Measured 

Dissolved Cu (pre‐

test) (µg/L)

Measured 

Dissolved Cu 

(post‐test) (µg/L)

Time Weighted 

Average (µg/L) % Loss

Mortality 

(n=20)

1.7 2.85 2.75 2.8 3.51 2.65 2.32 2.485 12.45 0

2.7 3.44 3.5 3.47 ‐1.74 3.19 2.84 3.015 10.97 0

4.1 4.61 4.22 4.415 8.46 4.17 3.57 3.87 14.39 0

6.3 5.86 5.24 5.55 10.58 5.29 4.74 5.015 10.40 0

9.8 8.82 7.91 8.365 10.32 8.33 7.10 7.715 14.77 17

15.0 12.9 12.5 12.7 3.10 12.6 12.0 12.3 4.76 20

WER‐2

9/27/2016

Effluent

Nominal Cu 

(µg/L)

Measured Total 

Cu (pre‐test) 

(µg/L)

Measured Total 

Cu (post‐test) 

(µg/L)

Time Weighted 

Average (µg/L) % Loss

Measured 

Dissolved Cu (pre‐

test) (µg/L)

Measured 

Dissolved Cu 

(post‐test) (µg/L)

Time Weighted 

Average (µg/L) % Loss

Mortality 

(n=20)

29.0 29.1 30.9 30 ‐6.19 26 27.2 26.6 ‐4.62 0

44.6 43 47.9 45.45 ‐11.40 36.5 42.1 39.3 ‐15.34 0

68.7 63.1 75.7 69.4 ‐19.97 52.9 66.7 59.8 ‐26.09 0

106.0 93.6 103 98.3 ‐10.04 79.8 96.2 88 ‐20.55 0

162.0 146 156 151 ‐6.85 115 137 126 ‐19.13 19

250.0 233 269 251 ‐15.45 183 236 209.5 ‐28.96 20

Laboratory Water

Nominal Cu 

(µg/L)

Measured Total 

Cu (pre‐test) 

(µg/L)

Measured Total 

Cu (post‐test) 

(µg/L)

Time Weighted 

Average (µg/L) % Loss

Measured 

Dissolved Cu (pre‐

test) (µg/L)

Measured 

Dissolved Cu 

(post‐test) (µg/L)

Time Weighted 

Average (µg/L) % Loss

Mortality 

(n=20)

1.7 2.85 2.6 2.725 8.77 2.95 2.26 2.605 23.39 0

2.7 3.74 4.16 3.95 ‐11.23 3.52 3.09 3.305 12.22 1

4.1 5.23 5.67 5.45 ‐8.41 4.98 5.25 5.115 ‐5.42 4

6.3 7.39 7.58 7.485 ‐2.57 7.03 6.86 6.945 2.42 8

9.8 11.1 11.4 11.25 ‐2.70 10.3 10.10 10.2 1.94 20

15.0 16.3 18 17.15 ‐10.43 16 16.2 16.1 ‐1.25 20 Dissolved = 6.62

Total = 128

Dissolved = 105

LC50 (ug/L)

LC50 (ug/L)

LC50 (ug/L)

LC50 (ug/L)

Total = 7.25

Dissolved = 6.66

Total = 125

Dissolved = 108

Total = 7.17



Appendix C 
Calculations  



City of Idabel

3040‐15‐050

Rangefinding Results

5/3/2016

Effluent Hardness (µg/L) 87000

Lab water Hardness (µg/L) 88000

Total Copper SMAV (µg/L) 24

Normalized SMAV 21.3

D. Copper SMAV (µg/L) 22.11

Normalized SMAV 19.6

Total Copper ‐ Ceriodaphnia

LC50 (µg/L) Normalized LC50

Effluent 89.2 90.2 WER 15.12 Lab water

Lab Water 5.9 5.90 WER 4.24 SMAV

*Normalized LC50 = SWM LC50 x (lab hdns/swm hdns)^0.9422

Dissolved Copper ‐ Ceriodaphnia

LC50 (µg/L) Normalized LC50

Effluent 61.2 61.9 WER 10.81 Lab water

Lab Water 5.66 5.66 WER 3.16 SMAV

*Normalized LC50 = SWM LC50 x (lab hdns/swm hdns)^0.9422



City of Idabel

3040‐15‐050

WER ‐ 1

7/26/2016

Effluent Hardness (µg/L) 77000

Lab water Hardness (µg/L) 98000

Total Copper SMAV (µg/L) 24

Normalized SMAV 23.5

D. Copper SMAV (µg/L) 22.11

Normalized SMAV 21.7

Total Copper ‐ Ceriodaphnia

LC50 (µg/L) Normalized LC50

Effluent 128 160.7 WER 22.16 Lab water

Lab Water 7.25 7.25 WER 6.82 SMAV

*Normalized LC50 = SWM LC50 x (lab hdns/swm hdns)^0.9422

Dissolved Copper ‐ Ceriodaphnia

LC50 (µg/L) Normalized LC50

Effluent 105 131.8 WER 19.79 Lab water

Lab Water 6.66 6.66 WER 6.08 SMAV

*Normalized LC50 = SWM LC50 x (lab hdns/swm hdns)^0.9422



City of Idabel

3040‐15‐050

WER ‐ 2

9/27/2016

Effluent Hardness (µg/L) 69000

Lab water Hardness (µg/L) 89000

Total Copper SMAV (µg/L) 24

Normalized SMAV 21.5

D. Copper SMAV (µg/L) 22.11

Normalized SMAV 19.8

Total Copper ‐ Ceriodaphnia

LC50 (µg/L) Normalized LC50

Effluent 125 158.9 WER 22.16 Lab water

Lab Water 7.17 7.17 WER 7.39 SMAV

*Normalized LC50 = SWM LC50 x (lab hdns/swm hdns)^0.9422

Dissolved Copper ‐ Ceriodaphnia

LC50 (µg/L) Normalized LC50

Effluent 108 137.3 WER 20.74 Lab water

Lab Water 6.62 6.62 WER 6.93 SMAV

*Normalized LC50 = SWM LC50 x (lab hdns/swm hdns)^0.9422



City of Idabel

3040‐15‐050

Total/Dissolved Translator

001

5/3/2016 2.2 1.2 0.55

6/27/2016 6.8 5.6 0.82

6/28/2016 4.8 3.3 0.69

7/6/2016 4.3 3.4 0.79

7/7/2016 2.9 3.0 1.03

7/20/2016 7.8 6.6 0.85

7/21/2016 8.4 7.1 0.85

7/26/2016 5.5 4.1 0.75

7/27/2016 5.2 3.9 0.75

7/28/2016 4.3 2.8 0.65

9/27/2016 1.5 1.0 0.66

QA/QC ‐ Duplicates

QA/QC Trip Blanks

5/3/16‐D 2.08 1.18

RPD (%) 6.96 3.33 6/27/16‐TB 0.68 < 0.5

7/7/2016‐TB < 0.5 < 0.5

6/27/16‐D 6.1 5.5 7/21/2016‐TB < 0.5 < 0.5

RPD (%) 10.85 1.80 7/26/2016‐TB < 1 < 1

9/27/2016‐TB < 1 < 1

7/6/2016 4.5 3.5

RPD (%) 4.55 2.90 QA/QC Field Blank

7/20/2016 9.3 3.8

RPD (%) 17.54 53.85 6/28/16‐FB 1.5 < 0.5

Dissolved/Total 

Ratio

Total Cu 

(µg/L)

Diss Cu 

(µg/L)

Diss Cu 

(µg/L)

Total Cu 

(µg/L)

Diss Cu 

(µg/L)

Total Cu 

(µg/L)

Diss Cu 

(µg/L) Total Cu 

(µg/L)



City of Idabel

3040‐15‐050

Summary

WER

Total Dissolved

WER #1 6.82 6.08

WER #2 7.39 6.93

Geo Mean 7.10 6.49

1/Geo Mean (OWRB) 0.1409 0.1541

Total/Dissolved Translator (f)

Copper

(Dissolved/Total)

5/3/2016 0.55

6/27/2016 0.82

6/28/2016 0.69

7/6/2016 0.79

7/7/2016 1.03

7/20/2016 0.85

7/21/2016 0.85

7/26/2016 0.75

7/27/2016 0.75

7/28/2016 0.65

9/27/2016 0.66

Geo Mean 0.75

f 1.33

1/f (OWRB) 0.75

fWER

Total Copper Dissolved Copper

WER 7.10 6.49

f 1.33 1.33

fWER (EPA) 9.43 8.62

1/fWER or T (OWRB) 0.106 0.1160

 

Copper



City of Idabel

3040‐15‐050

Criteria Ammendment

FWERt 0.1409

FWERd 0.1541

f 0.7527

Chronic

Ccst 4.83 Statewide Criterion

Scst 31.34 Option 1

Scst 6.16 Option 2

Scst 39.97 Option 3

Acute

Cast 6.56 Statewide Criterion

Sast 42.56 Option 1

Sast 8.37 Option 2

Sast 54.28 Option 3

Option 3

acute chronic

Total Criteria 6.56 4.83

Conversion factor 0.96 0.96

Dissolved Criteria 6.2976 4.6368

T 0.1160 0.1160

Option 3 54.28 39.97

Option 2

acute chronic

Total Criteria 6.56 4.83

Conversion factor 0.96 0.96

Dissolved Criteria 6.2976 4.6368

f 0.75 0.75

Option 2 8.37 6.16

 

Option 1

acute chronic

Total Criteria 6.56 4.83

fWER (total) 0.1541 0.1541

Option 1 42.56 31.34



Appendix D 
Laboratory  



  
WER 1 

























































































  
WER 2 































































































  
Time Weighted Average LC50 Calculations 





































  
Additional Lab Reports for Dissolved Translator Sampling 













































































  
DMR Monitoring  
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