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1.0  INTRODUCTION 
 
1.1 Background 
 

This report presents the documentation developed in support of a proposed third-party 
rule making to address the existing final permit limits for dissolved minerals in the Lion Oil 
Company’s (Lion Oil) NPDES permit (AR0000647).  The documentation was developed in 
accordance with the project study plan developed for the aquatic life field study and as 
submitted to ADEQ for their review and comment (Appendix A). This documentation is required 
by Section 2.306 of the Arkansas Water Quality Standards (WQS) in support of the proposed 
modifications of designated but non-existing and unattainable domestic water supply use and 
associated water quality criteria for dissolved minerals (sulfates, SO4; chlorides, Cl- and total 
dissolved solids, TDS).  This report also addresses the requirements of the 1994 Administrative 
Guidance Document of the ADEQ, which clarifies the Section 2.306 documentation process.   

In addition, this report provides documentation regarding the attainability of the domestic 
water supply use from the perspective of the 40 CFR 131.10(g) rationale for use removal.  The 
requirement for providing 40 CFR 131.10(g) documentation is to fulfill USEPA Region 6 
requests for inclusion of use attainability information in the third party rule making process. 
 Lion Oil has operated an oil refinery, storage, and distribution center in, El Dorado, 
Arkansas, Union County since 1922 (Figure 1.1).  Current refinery capacity is approximately 
70,000 barrels per day (bpd). Recent increases in waste water effluent dissolved solids 
(especially SO4 and TDS) have resulted from environmental improvements directed at air 
emissions control as mandated by EPA and ADEQ.  In 2003, Lion Oil entered in to a Consent 
Decree jointly signed by ADEQ and EPA.  The Decree required Lion Oil to install a wet scrubber 
on the facility’s Cat Cracker to reduce SO2 air emissions. That emissions control equipment was 
added and functional by March 2004.  The scrubber uses sodium hydroxide and an oxidation 
system to ultimately convert the SO2 to sodium sulfate (Na2SO4) in a water solution. The 
resulting Na2SO4 (dissolved minerals) is captured in the process waste water. Since the waste 
water treatment is not designed to remove dissolved minerals (and there is no economical 
treatment technology available for the removal of dissolved minerals), the resulting impact is an 
increase of approximately 1500-2000 ppm TDS to the Outfall 001 discharge, primarily in the 
form of Na2SO4.  
 
 In addition, Lion Oil has recently installed a new diesel hydrotreater and a gasoline 
hydrotreater to meet the new and more stringent sulfur standards for Tier 2 fuels. These 
regulatory required modifications also contribute additional TDS to the process waste water. 
 
1.2 Report Focus and Objective  
 

The focus of this report are the discharges from the treated process wastewater outfall 
(Outfall 001) and the storm water outfalls (002, 003, 004, 005, & 006/007) covered under their 
current NPDES permit. Each outfall discharges into Loutre Creek within a ½ mile stretch that 
dissects the manufacturing facility and the storage/distribution areas.   
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Figure 1.1.  Location of Lion Oil, Loutre Creek and Bayou de Loutre.  Lion Oil Section 2.306 documentation.
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 Due to the close proximity of the outfalls with one another, all the outfalls are treated as 
one with regards to instream minerals concentrations and the proposed rule making changes for 
Loutre Creek and Bayou de Loutre.  Each outfall discharge contains or potentially contains 
concentrations of chloride (Cl), sulfate (SO4), and total dissolved solids (TDS) that are in excess 
of the existing ecoregion specific water quality criteria. These ecoregion criteria were developed 
based on characteristics of “least disturbed” Gulf Coastal streams that do not reflect the site 
specific conditions existing in the Bayou de Loutre watershed. 

 
The primary report objectives are to: 
 

• provide the required documentation to support a third-party rulemaking in 
accordance with Section 2.306 to remove the designated and unattainable 
domestic water supply use (DWSU) from Loutre Creek and Bayou de Loutre, 
from the mouth of Loutre Creek downstream to the mouth of Gum Creek. (Figure 
1.2).  As documented in the Arkansas water quality standards (ADEQ, 2001), the 
domestic water supply use for Bayou de Loutre has been removed from the 
mouth of Gum Creek downstream to the state line. In addition, the domestic 
water supply use for Bayou de Loutre above the mouth of Loutre Creek is being 
proposed for removal via pending 3rd party rule making for Great Lakes Chemical 
Company. (This 3rd party rule making was initiated during the September, 2006 
ADEQ Commission meeting). 

 
• propose site-specific water quality criteria for dissolved minerals (Cl, SO4, and 

TDS) that: 
 

 reflect the current discharge concentrations which have increased as a 
result of recent improvements in air emissions control equipment. These 
increases overshadow reductions in mineral concentrations related to site 
improvements, and other pollution prevention activities. 

 
 are shown to support the designated seasonal fishery use in Loutre Creek 

downstream of the discharge and the supporting biotic communities to 
maintain that use. 

 
This documentation summarizes significant findings and provides recommendations 

(Section 2.0), provides a summary of the site’s background information (Section 3.0), 
documents the physical, chemical, and biological characteristics of tributaries that receive the 
permitted discharges from the targeted outfalls (Section 4.0), and presents the mass balance 
modeling results (Section 5.0).  Section 6.0 provides a review of alternatives to meet the 
existing ecoregion criteria or stream criteria for dissolved minerals as well as the attainability of 
the domestic water supply use of Loutre Creek and Bayou de Loutre, respectively.  Section 7.0 
provides the citation for documents referenced in this report. 
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2.0  SIGNIFICANT FINDINGS AND RECOMMENDATIONS 
 
2.1  Significant Findings 
  
 The following findings are based on the information developed as part of the 
documentation in support of the proposed rule making and as directed by the aquatic life field 
survey (Appendix A). 
 

1. Recent process and air emission control equipment have been added to the facility in 
response to a Consent Decree jointly signed by ADEQ and EPA to control air emissions. 
These scrubbers (air emission control equipment) have been responsible for recent 
increase in sulfates and TDS in the treated waste water discharged through Outfall 001. 

2.  The facility manages water discharges under the NPDES permit AR0000647. 
3. The NPDES permit allows treated waste water discharge and the existing discharges 

have final dissolved mineral limitations based on ecoregion reference water quality 
criteria. 

4. The historical and existing discharges have, on occasion, exceeded the water quality 
based ecoregion mineral criterion. 

5. The facility certifies that it maintains a Storm Water Pollution Prevention Plan and a Spill 
Prevention Control and Countermeasure Plan. 

6. All outfalls (treated waste water and storm water) discharge directly to Loutre Creek. 
7. The water shed size at the mouth of Loutre Creek is less than 5 sq. miles (Figure 2.1). 
8. Loutre Creek was found to maintain an existing fishery, and a designated aquatic life use 

to the degree allowed by the watershed size and the existing habitat 
9. According to state resource agencies ( ADH&HS and ADNR) the domestic water supply 

is use is not an existing use, nor is it an attainable use on Loutre Creek, and 
10. Modification to the mineral criteria will not preclude the attainment of the other 

designated and attainable uses. 
 

2.2  Recommendations 
 

Based on the documentation presented herein, it is recommended that the designated 
domestic water supply use be removed from the following locations: 

• Loutre Creek from Hwy 15 South (upstream terminus) to its confluence with 
Bayou de Loutre (see Figure 6.1).   

• Bayou de Loutre from the mouth of Loutre Creek to the mouth of Gum Creek 
(Figure 1.2).  As presented in the background information, the domestic water 
supply use for Bayou de Loutre downstream of the mouth of Gum Creek has 
been removed by previous rule making (ADEQ, 2004). 

 
In addition to the domestic water supply use being removed, an increase in the water 

quality criteria for Cl, SO4, and TDS for the following locations are proposed to support the 
continued historical discharge from Lion Oil (see Section 6.6 for additional detail): 
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• Chloride, SO4, and TDS criteria for Loutre Creek from Hwy 15 South (upstream 
terminus) to its confluence of Bayou de Loutre for Chloride, SO4 and TDS in 
Bayou de Loutre from the mouth of Loutre Creek, downstream to the discharge 
from the City of El Dorado south waste water treatment facility. 

• Sulfate and TDS in Bayou de Loutre from the City's discharge, then downstream 
to the mouth of Boggy Creek. and 

• Sulfate in Bayou de Loutre from the mouth of Gum Creek down stream to the 
state line. 
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Figure 2.1.  Study reaches, watershed boundaries and sizes of Loutre Creek sub-watersheds. Lion Oil
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Table 2.1 summarizes the recommended changes to designated uses and the water 

quality criteria for Cl, SO4 and TDS of individual streams segments evaluated.  
 

Table 2.1.  Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006.  
Loutre Creek – from Hwy 15 
South to the confluence of 
Bayou de Loutre 

 

Bayou de Loutre – from Loutre 
Creek to the discharge for the 
City of El Dorado South facility 

Bayou de Loutre – from the 
discharge from the City of El 
Dorado-South  downstream  to 
the mouth of Gum Creek 

Remove Designated Domestic 
Water Supply Use 

Remove Designated Domestic 
Water Supply Use 

Remove Designated Domestic 
Water Supply Use 

Instream Criteria: Instream Criteria: Instream Criteria: 
Amend ecoregion dissolved minerals 
criteria: 
Chloride from 14 mg/L to 256 mg/L; 
Sulfate from 31 mg/L to 997 mg/L. & 
TDS from 123 mg/L to 1756 mg/L 

Amend stream dissolved minerals 
criteria: 
Chloride from 250 mg/L to 264, 
Sulfate from 90 mg/L to 635 mg/L & 
TDS from 500 mg/L to 1236 mg/L 

Amend stream dissolved minerals 
criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 431 mg/L & 
TDS from 500 mg/L to 966 mg/L 

 
Table 2.1 (cont.) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006. 
Bayou de Loutre – from the mouth 
of Gum Creek downstream to the 
mouth of Boggy Creek 

Bayou de Loutre – from the 
mouth of Boggy Creek 
downstream to the mouth of 
Hibank Creek 

Bayou de Loutre – from the 
mouth of Hibank Creek 
downstream to the mouth of Mill 
Creek 

No change in uses No change in uses  No change in uses  

Instream Criteria: Instream Criteria: Instream Criteria: 
Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 345 mg/L 
and TDS from 750 mg/L to 780 mg/L 

Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 296 mg/L& 
TDS: NO CHANGE 

Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 263 mg/L & 
TDS: NO CHANGE  

 
Table 2.1 (cont.) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006  
Bayou de Loutre – from the mouth of Mill Creek 
downstream to the mouth of Buckaloo Branch 

Bayou de Loutre – from the mouth of Buckaloo 
Branch downstream to the mouth of Bear Creek 

No change in uses No change in uses 
Instream Criteria: Instream Criteria: 

Amend stream dissolved minerals criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 237 mg/L & 
TDS : NO CHANGE 

Amend stream dissolved minerals criteria: 
Chloride : NO Change 
Sulfate from 90 mg/L to 216 mg/L & 
TDS: NO CHAMGE 

 
Table 2.1 (cont.) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006  
Bayou de Loutre - from the mouth of Bear Creek to 
the final segment of Bayou de Loutre. 

Bayou de Loutre (Final Segment) to the 
Arkansas/Louisiana State Line 

No change in uses No change in uses 
Instream Criteria:  Instream Criteria:  
Amend stream dissolved minerals criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 198 mg/L & 
TDS: NO CHANGE 

Amend stream dissolved minerals criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 171 mg/L 
TDS: NO CHANGE. 
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3.0  BACKGROUND 
 
3.1  Introduction 
 

Lion Oil operates an oil refinery, storage and distribution facility in Union county on the 
south side of El Dorado, Arkansas.  The facility’s one treated process wastewater outfall (Outfall 
001) and six storm water outfalls (Outfalls 002, 003, 004, 005, 006/007) discharge to Loutre 
Creek (Figure 3.1).  A detailed description of each outfall and the individual discharge 
characteristics are provided in Sections 3.2 and following.  Three storm water only outfalls 002, 
003, and 004 discharge on a regular basis during storm events.  However, three outfalls (005, 
006, & 007) contain storm water commingled with treated process wastewater. Two outfalls are 
emergency overflow outfalls (005 & 006) from holding ponds located in the facility and contain 
storm water commingled with process wastewater. Outfall 005 is an emergency overflow outfall 
as designated in the Spill Prevention Control Countermeasure (SPCC) Pond and Outfall 006 is 
an emergency overflow outfall on the Main Holding Pond (Main Pond).  Outfall 007 is a 
controlled storm water discharge from the Main Pond, which has the potential to discharge 
storm water commingled with process wastewater.   
 The Arkansas Water Quality Standards - Regulation No. 2 (WQS) (ADEQ, 2004) allows 
modification of water quality standards under various conditions.  Specifically, Section 2.306 of 
the WQS allows the removal of a designated use other than a fishable or swimmable use, and 
for establishment of less stringent water quality criteria without affecting fishable or swimmable 
uses.  This project report documents the information required to amend Reg. 2 through third 
party rulemaking.  The study areas and discharges described above are depicted in Figure 3.2. 
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Figure 3.1  Relative frequency of discharge from storm water discharges from Lion Oil for period of 24 months.  
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Figure 3.2.  Lion Oil primary treated waste water discharge (Outfall 001) and the storm water discharges.
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3.2  Designated Uses 
 

The designated uses for Loutre Creek and Bayou de Loutre are those listed in the WQS 
for Gulf Coastal Plain streams with watersheds less than 10 mi2.  The designated uses for 
Loutre Creek and Bayou de Loutre are listed below.  They are as follows: 

 
Loutre Creek  

 
• Secondary Contact Recreation, 
• Perennial Gulf Coastal Fishery 
• Seasonal Gulf Coastal Fishery, 
• Domestic Water Supply,  
• Industrial Water Supply, and 
• Agricultural Water Supply.  
 
Bayou de Loutre (above Gum Creek) 

 
• Primary Contact Recreation,  
• Secondary Contact Recreation, 
• Seasonal Gulf Coastal Fishery, 
• Perennial Gulf Coastal Fishery, 
• Domestic Water Supply,  
• Industrial Water Supply, and 
• Agricultural Water Supply.  

 
Bayou de Loutre (below Gum Creek) 

 
• Primary Contact Recreation,  
• Secondary Contact Recreation, 
• Seasonal Gulf Coastal Fishery, 
• Perennial Gulf Coastal Fishery 
• Industrial Water Supply, and 
• Agricultural Water Supply. 

 
3.3  Domestic Water Supply Use 
 

Based upon documentation provided by the Arkansas Department of Health and Human 
Services (ADHHS), Loutre Creek and Bayou de Loutre (above Gum Creek) are neither an 
existing or planned public water supply source.  In addition, the Arkansas Natural Resource 
Commission (ANRC) has documented that the removal of the designated domestic water supply 
use from these water sources does not conflict with the Arkansas Water Plan.  The letters from 
the ADHHS and ANRC are provided in Appendix B.  As documented in ADEQ’s Regulation No. 
2, the domestic water supply use does not exist for Bayou de Loutre below the mouth of Gum 
Creek.  
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3.4  Outfall Characteristics 
 

3.4.1. Discharge characteristics 
 
Figure 3.1 (and Appendix C) provides a summary of the discharge characteristics for the 

targeted outfalls over the recent 2 year period. During the last two year period, Outfall 001 has 
discharged continually, Outfalls 002, 003, 004 have discharges in response to storm frequency 
(discharged 21 of 24 months), and discharges from Outfalls 005, 006 and 007 have been limited 
and in response to large storm events (006 discharged during 4 or the 24 months, 007 
discharged during 3 of 24 months, and 005 did not discharge during that period, or since.   

However, when outfalls 006 and 007 discharge, the volume typically equals or exceeds 
the volume from other discharges (Figure 3.2). 

 
3.4.2  Effluent Dissolved Mineral Characteristics 
 
Table 3.1 and 3.2 present the effluent characteristics of treated wastewater and storm 

water discharged through Outfalls 001, 002, 003, 004, 005, 006/007.  This data represents 
available recent data. The actual period of record is variable depending on the parameter ( CL, 
SO4 or TDS), however the period of record represents recent operational condition ranging from 
March 2004-May 2006.). Documentation for the 95th percentile value is presented in Section 
5.0.  The percentile concentration values were statistically calculated based on methodologies 
outlined in Statistical Methods for Environmental Pollution Monitoring (Gilbert, 1987) which will 
be discussed in detail in Section 5.2.2. 

 
Table 3.1. Summary of targeted mineral constituents in Outfall 001 discharge from Lion Oil facility. 

Statistic* Chloride (mg/L) Sulfate (mg/L) TDS (mg/L) 
(Data Characterization) N=33 N=26 N=26 

Maximum 420 1775 2871 
Minimum 204 372 760 
Average 283 1027 2143 

95th percentile 414 1639 2850 
Median 250 984 2130 

 
Table 3.2. Summary of targeted mineral constituents in storm water discharges from Lion Oil facility. 

Statistic Chloride (mg/L) Sulfate (mg/L) TDS (mg/L) 
(Data Characterization) N=7 N=7 N=7 

Maximum 242 857 1864 
Minimum 8.16 13.0 86.0 
Average 58 192 478 

95th percentile 242 857 1864 
Median 31.2 99.0 358 
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3.5  Description of Pollution Prevention Practices 
 

Areas where storm water and/or spills may leave the facility and enter the receiving 
stream are identified in the facility’s Spill Prevention Control and Countermeasures (SPCC) and 
Storm Water Pollution Prevention Plan (SWPPP) plans.  Best Management Practices (BMP’s) 
as well as other secondary containment and treatments have been implemented to reduce 
contamination of storm water and prevent spill release.  The SPCC and SWPPP provide the 
policies and procedures to limit storm water exposure to process waters and provides for the 
routine management of storm waters.  Lion Oil has installed pollution prevention practices at the 
facility designed to reduce the potential of storm water contamination and to prevent spills from 
entering waters of the state.  The following section describes on an outfall by outfall basis 
current BMP’s and/or other treatments.   

Lion Oil currently discharges treated process wastewater through Outfall 001 into Loutre 
Creek in the same reach that receives the storm water discharges.  Within the last four year 
period, Lion Oil has implemented numerous production modifications in response to energy 
conservation goals, process optimization and environmental control projects in an effort to 
produce cleaner fuels with reduced sulfur in on-road diesel and ultra low sulfur gasoline.  Lion 
Oil is currently evaluating alternatives to the continued discharge of the treated process 
wastewater into Loutre Creek. 
 

3.5.1  Outfall 001 
 
 Outfall 001 discharges process wastewater after treatment through aggressive tertiary 
biological treatment.  In addition, BMPs for wastewater treatment discharge includes strict 
controls on treatment chemicals, policies for storage, spill control, waste minimization, and 
clean up of wastewater treatment chemicals. 
 

3.5.2  Outfall 002 
 
 Diked areas and tank water drains within the Outfall 002 drainage area are routed to the 
API separator.  All other areas within the drainage area are non-process. The storm waters from 
non-process waters that fall within the Outfall 002 defined basin are discharged during the storm 
event and are not retained.   
 

3.5.3  Outfall 003 
 
 Tank water drains are routed to the Intercept Station from which they are pumped to the 
API separator for treatment.  Storage tanks are provided with firewalls for secondary 
containment of spills.  Tank firewall valves are routinely closed and sealed per the SPCC and 
SWPPP.   During a rainfall event, water within each tank firewall will be visually inspected prior 
to release through Outfall 003.  The storm waters from non-process areas that fall within the 
Outfall 003 sub-basin are discharged during the storm event and are not retained.   
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3.5.4  Outfall 004 
 
 Tank water draws are routed to the API separator for treatment.  Storage tanks are 
provided with firewalls for secondary containment of spills.  Tank firewall valves are typically 
closed and sealed as specified in the SPCC and SWPPP.  During a rainfall event, water within 
each tank firewall may be released through Outfall 004 after visual inspection.   The storm 
waters from non-process areas that fall within the Outfall 004 sub-basin are discharged during 
the storm event and are not retained.   
 

3.5.5  Outfall 005 
 
 Dry weather process flow and first flush storm water are pumped from the Intercept 
Station to the API separator for treatment.  Storm water flows in excess of the Intercept Station 
pumping capacity flows to the SPCC Pond from which it is pumped to the Main Holding Pond.  
Any storm water flow in excess of the Intercept Station pumping capacity and the SPCC Pond 
storage capacity is released through Outfall 005 as an emergency discharge. As indicated in 
Section 3.4.1, this outfall has not discharged during the last 8 years. The combined pumping 
capacity has not been exceeded during the last 8 years and therefore there has not been a 
discharge from Outfall 005 during that period. 
 

3.5.6  Outfall 006/007 
 
 Dry weather process flow and first flush storm water flows are collected and pumped to 
Equalization Tanks, and thence to the WWTP.  Storm water flow in excess of the API separator 
lift pumps’ capacity will flow to the Main Holding Pond.  From the Main Holding Pond the storm 
water can be pumped to the Equalization Tanks on a controlled basis and processed through 
the WWTP as capacity becomes available.  If WWTP capacity is fully utilized for process water 
treatment, the Main Holding Pond storm water can be tested for compliance with permit 
parameters and released through Outfall 007 as necessary.  
 Outfall 006 serves as an emergency discharge outfall for Outfall 007 (the Main Holding 
Pond) and is designed to protect the integrity of the dike system.  Although the discharge 
frequency is reduced when compared to Outfalls 002, 003 and 004, discharges from 007 and 
006 have occurred in conjunction with discharge from other outfalls and on those occasions the 
volume from 006 /007 have equaled or exceeded the discharge from the other outfalls.  
 
3.6  Current NPDES Permit Status 
 

3.6.1  NPDES Permit Compliance 
 
 Lion Oil’s current NPDES permit (Permit No. AR00000647) became effective on March 
1, 2004.  The permit remains in effect until midnight, February 28, 2009. 
 

3.6.1.1  Discharge and Monitoring Requirements 
 

 Lion Oil is currently under interim effluent limitations at Outfall 001.  Sulfate (SO4) and 
Total Dissolved Solids (TDS) fall under monitor and report limitations until the final permit 
limitations take effect March 1st, 2007.  Currently, no dissolved minerals discharge limitations 
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have been placed on Lion Oil’s storm water outfalls.  However, the potential for mineral 
concentrations to exceed ecoregion instream WQS in Loutre Creek and the stream WQS in 
Bayou de Loutre is possible during normal discharge operations (Outfall 001) and/or storm 
water runoff events.  The instream dissolved minerals WQS in Loutre Creek and Bayou de 
Loutre are based on the maintenance of the designated, but non-existing and unattainable 
domestic water supply use for Loutre Creek and Bayou de Loutre (upstream of Gum Creek).  
However, Bayou de Loutre (downstream of Gum Creek) has an instream WQS based on 
standards provided in ADEQ’s Regulation No. 2.  The final discharge limitations and monitoring 
requirements for Lion Oil storm water outfall’s are summarized in Tables 3.3 through 3.6. 
 
Table 3.3.  Current Final Discharge Limitations for Lion Oil, Outfall 001. 
Effluent Characteristic Monthly 

Average 
Daily 

Maximum 
Monthly 
Average 

Daily 
Maximum 

Frequency of 
Analysis 

Flow (MGD) N/A NA Report Report Daily* 

Carbonaceous 
Biochemical Oxygen 
Demand (CBOD5) 
June – Sept. 
Oct. - May 

 
 
 

223 lbs/day 
534 lbs/day 

 
 
 

400 lbs/day 
958 lbs/day 

 
 
 

10 mg/L 
24 mg/L 

 
 
 

18 mg/L 
43 mg/L 

 
 
 
once/week 
once/week 

Chemical Oxygen 
Demand (COD) 

3891 lbs/day 7598 lbs/day 175 mg/L 341 mg/L once/week 

Total Suspended Solids 
(TSS) 

453 lbs/day 709 lbs/day 20 mg/L 32 mg/L once/week 

Ammonia Nitrogen (NH3-N) 
June – Sept. 
Oct. - May 

 
45 lbs/day 

200 lbs/day 

 
89 lbs/day 

401 lbs/day 

 
2.0 mg/L 
9.0 mg/L 

 
4.0 mg/L 
18 mg/L 

once/week 

Dissolved Oxygen N/A N/A 7.0 inst. Min once/week 

Phenolic Compounds 4.0 lbs day 8.0 lbs/day 0.18 mg/L 0.36 mg/L once/week 

Sulfide 2.0 lbs/day 4.0 lbs/day 0.09 mg/L 0.18 mg/L once/week 

Sulfates (SO4) 1514 lbs/day 2271 lbs/day 68 mg/L 102 mg/L once/week 

Total Dissolved Solids 
(TDS) 

1915 lbs/day 2872 lbs/day 207 mg/L 310 mg/L once/week 

Temperature N/A N/A 86°F inst. Max once/week 

Total Chromium 6.0 lbs/day 14 lbs/day 0.27 mg/L 0.63 mg/L once/month 

Hexavalent Chromium 0.27 lbs/day 0.53 lbs/day 0.012 mg/L 0.024 mg/L once/month 

Selenium, Total 
Recoverable 

0.13 lbs/day 0.26 lbs/day 5.8 µg/L 11.65 µg/L once/month 

Zinc, Total Recoverable 2.63 lbs/day 5.28 lbs/day 118 µg/L 237 µg/L once/month 

Oil and Grease (O&G) 166 lbs/day 316 lbs/day 7.0 mg/L 14.0 mg/L once/week 

pH (SU) N/A NA * * continuous 

Whole Effluent Lethality Daily Avg. Min. - not < 96% 7-day Min. - not < 96% once quarter 
** pH shall not be less than 6.0 standard units nor greater that 9.0 standard units 
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Table 3.4.  Current Final Discharge Limitations for Lion Oil, Outfalls 002, 003, & 004. 
Effluent Characteristic Monthly Average Daily Maximum Frequency of Analysis

Flow (MGD) N/A NA Daily* 

Total Organic Carbon 
(TOC) 

N/A 110 mg/L Daily* 

Oil and Grease 10 mg/L 15 mg/L Daily* 

pH (SU) * * Daily* 
* When Discharging 
** pH shall not be less than 6.0 standard units nor greater that 9.0 standard units 
 
Table 3.5.  Current Final Discharge Limitations for Lion Oil, Outfall 005. 
Effluent Characteristic Monthly 

Average 
Daily 

Maximum 
Monthly 
Average 

Daily 
Maximum 

Frequency of 
Analysis 

Flow (MGD) N/A NA Report Report Daily* 

Biochemical Oxygen 
Demand (BOD5) 

1555 lbs/day 2827 lbs/day Report Report Daily* 

Chemical Oxygen 
Demand (COD) 

10602 
lbs/day 

21205 
lbs/day Report Report Daily* 

Total Suspended Solids 
(TSS) 

1272 lbs/day 1979 lbs/day Report Report Daily* 

Phenolic Compounds 9.9 lbs day 20.5 lbs/day Report Report Daily* 

Total Chromium 12.7 lbs/day 35.5 lbs/day Report Report Daily* 

Hexavalent Chromium 1.6 lbs/day 3.7 lbs/day Report Report Daily* 

Oil and Grease 474 lbs/day 919 lbs/day 10 mg/L 15 mg/L Daily* 

pH (SU) N/A NA ** ** Daily* 
* When Discharging 
** pH shall not be less than 6.0 standard units nor greater that 9.0 standard units 



 

October 3, 2006 17 

Table 3.6.  Current Final Discharge Limitations for Lion Oil, Outfalls 006 & 007. 
Effluent Characteristic Monthly 

Average 
Daily 

Maximum 
Monthly 
Average 

Daily 
Maximum 

Frequency of 
Analysis 

Flow (MGD) N/A NA Report Report Daily* 

Biochemical Oxygen 
Demand (BOD5) 

1555 lbs/day 2827 lbs/day Report Report Daily* 

Chemical Oxygen 
Demand (COD) 

10602 
lbs/day 

21205 
lbs/day Report Report Daily* 

Total Suspended Solids 
(TSS) 

1272 lbs/day 1979 lbs/day Report Report Daily* 

Phenolic Compounds 9.9 lbs day 20.5 lbs/day Report Report Daily* 

Total Chromium 12.7 lbs/day 35.5 lbs/day Report Report Daily* 

Hexavalent Chromium 1.6 lbs/day 3.7 lbs/day Report Report Daily* 

Lead, Total Recoverable 0.14 lbs/day 0.28 lbs/day 3.9 µg/L 7.8 µg/L Daily* 

Zinc, Total Recoverable 4.2 lbs/day 8.4 lbs/day 117 µg/L 235 µg/L Daily* 

Oil and Grease 474 lbs/day 919 lbs/day 10 mg/L 15 mg/L Daily* 

pH (SU) N/A NA ** ** Daily* 
* When Discharging 
** pH shall not be less than 6.0 standard units nor greater that 9.0 standard units 

 
 
3.6.1.2  Dissolved Minerals 

 
Dissolved minerals data from Outfall 001 (SO4 and TDS) has been collected and 

monitored weekly since March, 2004, as required by the current NPDES interim permit. Prior to 
that time, there were no requirements to monitor and report dissolved minerals.  The mineral 
data from the non-retained storm water outfalls (002, 003 and 004) and/or the Main Pond 
(Outfall 006 and 007) and SPCC Pond (Outfall 005) were collected in December 2005.  Table 
3.7 summarizes the dissolved mineral concentration typical of the storm water discharge from 
Lion Oil.  Due to the close proximity of the storm water outfalls on Lion Oil property, 
(approximately ½ mile), the dissolved mineral data is treated as coming from a single discharge 
for mass balance modeling.  Table 3.8 summarizes the dissolved mineral concentration typical 
of Lion Oil outfall 001.  Both the storm water dissolved minerals and Outfall 001 dissolved 
mineral concentrations were used in the mass balance modeling to determine the proposed 
instream criteria.  Additional chloride, sulfate and TDS information is provided in Section 5.0.   
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Table 3.7.  Dissolved mineral data from Lion Oil storm water outfalls. December 2005. 
Location / Date Chloride (mg/L) Sulfate (mg/L) TDS (mg/L) 

Outfall 002/12/24/05 9.1 13.0 86.0 
Outfall 003/12/24/05 9.61 15.8 104 
Outfall 004/12/24/05 8.16 15.5 88.0 
Outfall 007/12/25/05 47.3 146.6 384 
Outfall 007/12/26/05 58.1 194.8 462 

Main Pond 006/12/15/05A  242 857 1864 
South Pond 005/12/15/05A 31.2 98.6 358 

Summary Statistics 
Maximum 242 857 1864 
Minimum 8.16 13.0 86.0 
Average 58 192 478 

95th percentile* 242 857 1864 
Median 31.2 99.0 358 

 * See section 5.0  
 A: Collected from retained storm waters to represent waters that maybe discharged through the respective outfalls 

 
Table 3.8.  Dissolved mineral data from Lion Oil Outfall 001. March 2004 - December 2005. 

Date Chloride (mg/L) Sulfate Monthly 
Average (mg/L) 

TDS Monthly Average  
(mg/L) 

3/12/1986 296 -- -- 
5/12/1986 420 -- -- 
6/16/1986 312 -- -- 
7/28/1986 250 -- -- 
8/15/1986 234 -- -- 

Mar-04 -- 372 760 
Apr-04 -- 941 1885 
May-04 -- 968 1989 
Jun-04 -- 807 1565 
Jul-04 -- 1121 2141 
Aug-04 -- 1270 2683 
Sep-04 -- 1386 2667 
Oct-04 -- 1068 2593 
Nov-04 -- 789 1513 
Dec-04 -- 999 1776 
Jan-05 -- 820 1667 
Feb-05 -- 827 1959 
Mar-05 -- 883 2120 
Apr-05 -- 812 1832 
May-05 -- 862 2246 
Jun-05 -- 758 2052 
Jul-05 -- 1107 2303 
Aug-05 -- 924 1913 
Sep-05 -- 1033 1530 
Oct-05 -- 955 2281 
Nov-05 -- 1149 2393 
Dec-05 -- 1162 2871 
Jan-06 -- 1775 2800 
Feb-06 -- 1322 2811 
Mar-06 -- 1383 2653 
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Date Chloride (mg/L) Sulfate Monthly 
Average (mg/L) 

TDS Monthly Average  
(mg/L) 

Apr-06 -- 1213 2727 
4/29/2006 411.3 -- -- 
4/30/2006 329.6 -- -- 
5/01/2006 223.7 -- -- 
5/02/2006 249.6 -- -- 
5/03/2006 391.4 -- -- 
5/04/2006 341.3 -- -- 
5/06/2006 315.6 -- -- 
5/07/2006 282.4 -- -- 
5/08/2006 248.6 -- -- 
5/09/2006 217.3 -- -- 
5/10/2006 220.1 -- -- 
5/11/2006 235.9 -- -- 
5/12/2006 207.5 -- -- 
5/13/2006 213.6 -- -- 
5/14/2006 211.0 -- -- 
5/15/2006 213.2 -- -- 
5/16/2006 231.8 -- -- 
5/17/2006 234.3 -- -- 
5/18/2006 222.7 -- -- 
5/19/2006 222.7 -- -- 
5/20/2006 203.8 -- -- 
5/21/2006 270.0 -- -- 
5/22/2006 387.7 -- -- 
5/23/2006 398.8 -- -- 
5/24/2006 406.2 -- -- 
5/25/2006 377 -- -- 
5/26/2006 326 -- -- 

Summary Statistics 
Maximum 420 1775 2871 
Minimum 204 372 760 
Average 283 1027 2143 

95th percentile* 414 1639 2850 
Median 250 984 2130 

* See section 5.0 
 
 As indicated in Table 3.3 (summary of Outfall 001 permit monitoring requirements), there 
is no permit requirement to monitor and report chloride concentration in the final Outfall 001 
discharge.  Since the is no long term history for chloride in the discharge, the chloride 
concentration was characterized using daily data from April 29 through May 24, 2006   
(Appendix C). 
 
 
 
 
 
 
 
 
 

Table 3.8 (cont.).  Dissolved mineral data from Lion Oil Outfall 001. March 2004 - December 2005.
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Table 3.9 Chloride data from Outfall 001. POR 4/29-5/24, 2006 Lion Oil Company. El Dorado, AR.  
DATE CHLORIDES DATE CHLORIDES 

4/29/2006 411.3 mg/L 5/12/2006 207.5 mg/L 
4/30/2006 329.6 mg/L 5/13/2006 213.6 mg/L 
5/1/2006 223.7 mg/L 5/14/2006 211.0 mg/L 
5/2/2006 249.6 mg/L 5/15/2006 213.2 mg/L 
5/3/2006 391.4 mg/L 5/16/2006 231.8 mg/L 
5/4/2006 341.3 mg/L 5/17/2006 234.3 mg/L 
5/5/2006 315.6 mg/L 5/18/2006 222.7 mg/L 
5/6/2006 282.4 mg/L 5/19/2006 222.7 mg/L 
5/7/2006 248.6 mg/L 5/20/2006 203.8 mg/L 
5/8/2006 217.3 mg/L 5/21/2006 270.0 mg/L 
5/9/2006 220.1 mg/L 5/22/2006 387.7 mg/L 

5/10/2006 235.9 mg/L 5/23/2006 398.8 mg/L 
5/11/2006 218.9 mg/L 5/24/2006 406.2 mg/L 

 
3.6.2  Toxicity Testing 
  
3.6.2.1 Outfall 001 Biomonitoring  

 
Toxicity testing has been completed on Lion Oil’s primary discharge (Outfall l001) for 

over 10 years.  A summary of the last five year period of record for the biomonitoring is provided 
in Appendix D-1.  The summary demonstrates that Outfall 001 consistently passed the lethality 
endpoints at the applicable critical dilution (72% or 96% effluent depending on the test period).  
The Outfall 001 effluent has passed 98% of the biomonitoring tests lethality endpoint over the 
last 5 years.  No water flea chronic test failed the lethality endpoint and only one fathead 
minnow test (December 2001) failed the chronic lethality endpoint, over the last 5 year period of 
record.  The water flea passed 74% and the fathead minnow passed almost 90 % of the sub-
lethal test endpoints over the last 5 year period of record. 

The upgrades to waster water treatment and improvements other pollution control 
activities are reflected in the historical biomonitoring activities.  Figure 3.3 and 3.4 demonstrate 
the benefits of improved treatment and process modifications by the reduced variability in the 
chronic biomonitoring results.  These test have consistently passed the lethality NOEC at or 
above the critical dilution during the last two year period of record. 

This biomonitoring history demonstrates that the treated effluent is not toxic even under 
the critical dilutions reflective of critical Q 7-10 flow concentrations.  The only endpoint that has 
demonstrated sporadic statistical difference during the most recent 2 year period of record is 
sub-lethal response of the water flea (Ceriodaphnia dubia).  Although there were sporadic 
incidences of statistical differences between the control and the water flea sub-lethal end-point 
(e.g. reproduction) of the water flea, there does not appear to be a specific relationship to the 
estimated TDS concentration.   

As presented in the summary of results in Appendix D-1, the test conductivity and the 
calculated TDS do not present a direct relationship with increased conductivity/TDS and sub-
lethal response in the chronic biomonitoring tests. On occasion when the conductivity/calculated 
TDS values are elevated, there is no significant difference between the control and the 
exposure. Conversely, on occasions when there is a significant difference, the conductivity/TDS 
is less than other tests where there were no statistical significance.  The biomonitoring results 
seen to indicate that there may be some constituent that impacts the reproduction response in 
the routine biomonitoring.  There are many issues related to the reproductive response that may 
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impact test significance, including organism health, culture techniques and even the application 
of the statistical approach to determining relative significance. However there is not sufficient 
information to implicate dissolve minerals as the cause of the test failure related to reproductive 
endpoint.   

In summary, the Outfall 001 effluent has consistently passed the lethality endpoints at 
the applicable critical dilution (72 % or 96% effluent depending on the test period).  The Outfall 
001 effluent has passed 98% of the biomonitoring tests lethality endpoint over the last 5 years.  
No water flea chronic test failed the lethality endpoint and only one fathead minnow test 
(December 2001) failed the chronic lethality endpoint, over the last 5 year period of record.  

 

Water Flea Biomonitoring Results
Lion Oil Company
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Figure 3.3  Summary of  water flea (Ceriodaphnia dubia) biomonitoring  performance.  Period of record 

January 2000-December 2005.  
 



 

October 3, 2006 22 

Fathead Minnow Biomonitoring Results
Lion Oil Company
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Figure 3.4.  Summary of fathead minnow (Pimephales promelas) biomonitoring performance.  Period 

of record January 2000-December 2005.  
 
3.6.2.1 Outfall 001 Microtox 

 
In addition to the permit required biomonitoring, Lion Oil utilizes a Microtox toxicity 

system to routinely monitor internal waste streams. The internal monitoring is completed as an 
early warning system to notify facility personnel to potentially atypical conditions that could 
result in permit non-compliance. Microtox tests are typically conducted daily on internal process 
waste water effluent stream.  However on occasion, this frequency may be increased or 
decreased depending on operations and internal results.  Should the Microtox indicate atypical 
results, additional testing maybe used to identify the cause and/or source of the upset condition 
prior to it becoming an issue with the waste water treatment facility or in the final effluent.  

The Microtox typically demonstrates a range of response for 3 separate timed exposures 
(e.g. 1, 10, and 15 minutes). This response is reported as percent of light transmitted above and 
below established baseline for each timed test exposure period. Lion Oil has established a site 
specific reaction threshold as 20% effect. Any response that indicated greater than 20% 
response generated by bacteria exposed to 100% effluent is considered as an significant 
response and may generate additional monitoring and/or other internal actions to evaluate the 
potential cause of the change in response. Any response less than 20% is considered as 
acceptable. This 20% response criteria is loosely based on the 80% rule used in the routine 
biomonitoring where controls must maintain 80% level of performance.  Details of the actual 
data and the previous 5 year period is provided in Appendix D-2 (Microtox history).  
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Figures 3.5, 3.6 and 3.7 plots the most recent Microtox results at 15, 5 and 30 minute 
response intervals, respectively. There is a slightly greater response indicated by the 5 minute test 
response where approximately 25 daily test exceeded the 20 % response. The 15 and 30 minute 
tests indicated less than 10 and 15 tests, respectively.  However, the trend line for each test interval 
is decreasing indicating the effluent is having less effect over the last year. 

 
3.6.2.2 Storm Water Outfalls  

 
Toxicity testing on Lion Oil’s storm water outfalls has not been required during the past 5 

plus years.  According to facility records, previous biomonitoring history (48 hour acute tests) on 
storm water did not indicate a potential for toxicity in the storm water discharges. 
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Figure 3.5  Summary of Microtox response to 15 minute exposure. Lion Oil POR 12/05 to 6/06.  

 Note, decreasing trend line indication reduction in overall negative response. 
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5 minute MICROTOX response 
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Figure 3.6.  Summary of Microtox response to 5 minute exposure. Lion Oil POR 12/05 to 6/06.  

 Note, decreasing trend line indication reduction in overall negative response. 
 
 

30 minute MICROTOX response 
POR 2005 and 2006
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Figure 3.7.  Summary of Microtox response to 30 minute exposure. Lion Oil POR 12/05 to 6/06.  

 Note, decreasing trend line indication reduction in overall negative response. 
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4.0  AQUATIC LIFE FIELD STUDY 
 
4.1  Introduction 
 
 The objective of the aquatic life field study was to document whether the designated 
aquatic life use was being maintained in Loutre Creek and if the permitted discharges from Lion 
Oil are beneficial or detrimental to the maintenance of those uses.  The aquatic life field study 
was designed and proposed in accordance with the ADEQ Mineral Implementation Policy as 
provided in the Water Divisions CPP. In accordance with that Policy, the aquatic life field study 
focused on Loutre Creek above and below the discharge location(s). The following stream 
segments on Loutre Creek were assessed during this study: LC-1, Loutre Creek upstream of 
any Lion Oil influence (reference site), LC-2, Loutre Creek below outfalls 002, 004, 006/007, as 
well as Outfall 001, and LC-3, Loutre Creek below all Lion Oil outfall discharge influences 
(Figure 4.1).  The watershed of Loutre Creek at each outfall is provided in Table 4.1.  Loutre 
Creek is designated as supporting a seasonal Gulf Coastal Fishery in the Arkansas Water 
Quality standards (Section 3.2). 

 
Table 4.1. Watershed size of Loutre Creek at each study reach. Lion Oil Section 2.306 study. 

Study Reach Watershed Size 
LC-1 2.0 sq. miles 
LC-2 2.6 sq. miles 
LC-3 2.8 sq. miles 

 
To accomplish the study objective, the aquatic life field study included evaluations of the 

habitat conditions, water quality, aquatic macroinvertebrate community, and fish community 
assemblages.  Studies reaches for the aquatic life field study are as follows: 

 
• Reach LC-1, 
• Reach LC-2, and 
• Reach LC3. 
 
The evaluations were conducted during May, 2005. A summary of the aquatic life field 

study is presented in the following sections. Appendix E provides the field data sheets, 
analytical results, biological lab sheets and biometric scoring sheets. 
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Figure 4.1.  Aquatic life field study reaches.  May 2005.
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4.2  Habitat Characterization 
 

4.2.1  Introduction 
 
 Physical habitat in streams includes all those physical attributes that influence or provide 
sustenance to biological attributes, both botanical and zoological, within the stream.  Stream 
physical habitat varies naturally, as do biological characteristics; thus, habitat conditions differ 
even in the absence of point and anthropogenic non-point disturbance.  Within a given 
ecoregion, stream drainage area, stream gradient and the geology are likely to be strong natural 
determinants of many aspects of stream habitat, because of their influence on discharge, flood 
stage, and stream energy (both static and kinetic). Kaufmann (1993) identified seven general 
physical habitat attributes important in influencing stream ecology and the maintenance of 
biological integrity: 
 

1) channel dimensions, 
2) channel gradient, 
3) channel substrate size and type, 
4) habitat complexity and cover, 
5) riparian vegetation cover and structure, 
6) anthropogenic alterations, and 
7) channel-riparian interaction. 

 
 Land use activities can directly or indirectly alter any and/or all of these attributes.  
Nevertheless, the trends for each attribute will naturally vary with stream size (drainage area) 
and overall gradient.  The relationships of specific physical habitat measurements described in 
this section to these seven attributes are discussed by Kaufmann (1993). Although they are 
actually biological measures, aquatic macrophytes, riparian vegetation, instream habitat and 
canopy cover are included in this and other physical habitat assessments because of their role 
in habitat structure and light inputs   
 The objectives of a habitat characterization are to: 

 
1)  assess the availability and quality of habitat for the development and maintenance of 

benthic invertebrate and fish communities, and 
2)  evaluate the role of habitat quality in relation to the attainment of designated uses 

and biological integrity. 
 

 There are three main headings for the components of the physical habitat 
characterization each with several categories.  Measurements for each of the components (14 
categories total) are recorded on copies of a two-page field form entitled Stream Habitat 
Assessment (Semi-Quantitative), and include: 

 
1) Channel Morphology 

a) Reach Length Determination, 
b) Riffle-Pool Sequence, and 
c) Depth and Width Regime 
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2) Instream Structure 
a) Epifaunal substrate, 
b) Instream Habitat, 
c) Substrate Characterization, 
d) Sediment Deposition, and 
e) Aquatic Macrophytes and Periphyton 
 

3) Riparian Characteristics 
a) Canopy Cover, 
b) Bank Stability and Slope, 
c) Vegetative Protection, and 
d) Riparian Vegetative Zone Width. 

 
 Field physical habitat measurements from a field habitat characterization are used in 
conjunction with water chemistry, temperature, macroinvertebrate and vertebrate (typically fish) 
community analyses, and other data sources to determine the status of the target streams 
attainment of designated uses and the water quality required to maintain those uses.  
 These procedures are intended for evaluating physical habitat in wadeable streams, but 
may be adapted for use in larger streams as necessary.  The field procedures applied to this 
characterization are most efficiently applied during low flow conditions and during times when 
terrestrial vegetation is active, but can also be applied during spring seasonal conditions with 
higher base flows.  This collection of procedures is designed for monitoring applications where 
robust, quantitative or semi-quantitative descriptions of habitat are desired.  This semi-
quantitative habitat procedure is usually used in conjunction with the General Physical Habitat 
Characterization and the Qualitative Habitat Assessment to provide a detailed view of the 
streams habitat condition. 
 The habitat characterization protocol provided herein differs from other rapid habitat 
assessment approaches (e.g., Plafkin et al., 1989, Rankin, 1995) by employing a, systematic 
spatial sampling that minimizes bias in the placement and positioning of measurements. 
Measures are taken over defined channel areas and these sampling areas are placed 
systematically at spacing that is proportional to the length of the entire study reach. This 
systematic sampling design provides resolution appropriate to the length of the study reach.  
The habitat assessment protocol summarized in this SOP is based on those of USEPA in their 
EMAP and RBP procedures (Lazorchak, 1998 and Barbour, 1999), USGS NAWQA program 
(Fitzpatrick, 1998) and Missouri Department of Natural Resources ESP (Sarver, 2000). 
 The procedures are employed on a sampling reach of length equal to 20 times the 
bankfull width.  The semi-quantitative habitat sampling reach length should coincide as much as 
possible with that of the fish and macroinvertebrate collection reaches.  Measurements are 
taken in each of 10 sub-reaches, which are systematically placed at intervals equal to 
approximately one tenth (1/10) the length of the represented study reach.  Measurements and 
observations for each habitat characteristic are made in each of the sub-reaches as the 
assessment team moves along the stream channel.  An average or total of the scores for each 
of the 10 sub-reaches is then calculated resulting in a mean value for each characteristic for the 
entire reach.  
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4.2.2  Methods 

 
 The habitat assessment was conducted within (or to the extent possible) the stream 
reach from which the benthic and fish communities are to be characterized. The physical habitat 
was characterized from measurements and observations of stream attributes made within 10 
sub-reaches.  The team assessing habitat moved along the stream channel (near the thalwag) 
observing habitat characteristics within each sub-reach.  A description of and the rational for 
measuring each of the attributes are provided below.  The details of how these attributes are 
recorded/evaluated are also described below in the following sections. 
 

4.2.2.1  Channel Morphology 
 
 Channel morphology (or geomorphology) is a characterization of the shape of the 
stream channel including measurements and/or visual estimates of channel dimensions and 
riffle-pool sequences (i.e. a measure of the amount of riffles, runs and pools that occur in a 
given reach). 
 The channel observed includes that portion of the stream between the base flow wetted 
area and the top of the normal high water channel often referred to as the bankfull stage (Figure 
1).  The "bankfull" or "active" channel is defined as the channel that is filled by moderate-sized 
flood events that typically occur every one or two years.  Such flow levels are on the verge of 
entering the flood plain and are believed to control channel dimensions in most streams. 
 

Figure 4.2.  Stream channel depicting bankfull stage. 
 
 

1) Reach Length Determination 
 

First, bankfull depth (depth from stream bottom in thalwag to bankfull stage on the bank) 
was identified in at least two separate riffles (or alternatively runs in streams not 

Bankfull stage 

Baseflow Stage 

Flood Plain 

Terrace 
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exhibiting riffle morphology) in each study reach. Then bankfull depth and width was 
determined from 5 stream transects and recorded on the record sheet.  Transect 
locations was selected to include each prominent morphology type represented in the 
stream.  Bankfull depths were measured to the nearest 1/10 foot and bankfull widths 
were measured to the nearest foot using a wading rod and tape measure, respectively.  
An average of the 5 bankfull widths was then calculated and multiplied times 20 to arrive 
at the total reach length for assessment.  This total length was then divided by ten to 
determine the length of each of the ten sub-reaches.  Analysis of the first sub-reach 
began at the head of a given stream morphology (i.e. riffle, run or pool). 

 
2) Riffle-Pool Sequence 

 
Stream morphology refers to the abundance and placement (sequencing) of riffles, runs, 
and pools in a stream system.  This sequencing is an indicator of a streams hydrological 
regime and stability as well as a determinant of its potential to sustain diverse aquatic 
communities.  Beginning at the head of a morphological type (riffle, run or pool) the 
length of each morphological type in the stream reach was measured using a tape 
measure and recorded on the record sheet.  The sequence of each morphological type 
was depicted on the record sheet using the provided notations so as to create a map to 
the location of each riffle, run or pool.  The resulting measurements provided a 
quantitative measure of the percent of the study reach representing each stream 
morphological type (i.e. 40% riffle, 30% run, 30% pool, etc). 
 

3) Depth and Width Regime 
 

The average stream depth and width were estimated in riffles and pools in each sub-
reach.  Depths were measured along a transect, similar to that depicted in Figure 2, in a 
representative section of each riffle and pool in the sub-reach.  Depths were generally 
taken in the thalwag (deepest area in stream channel) and approximately half way 
between the thalwag and the left and right banks.  An estimated average depth for riffles 
and pools occurring in a sub-reach was derived from the cross-sectional depth 
measurements and recorded on the record sheet to the nearest 1/10 foot.  Once 
completed for all 10 sub-reaches this provided an accurate semi-quantitative 
measurements of riffle and pool average depth and depth variability across the entire 
stream reach. 

 
Stream wetted widths were measured along a transect, in a representative section of 
each riffle and pool in the sub-reach.  An estimated average width for each 
morphological type in a sub-reach was recorded on the record sheet to the nearest foot.  
Once completed for all 10 sub-reaches this provided accurate semi-quantitative 
measurements of riffle and pool widths across the entire stream reach. 
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Looking downstream

left bank left 1/4 center 1/2 right 1/4 right bank

 
Figure 4.3.  Approximate position of measurements across transect. 
 

 4.2.2.2  Instream Structure 
 
 Instream structure describes the characteristics of the stream within the wetted 
perimeter that makes up the habitat suitable for colonization of aquatic biota.  This includes 
information about natural substrates (gravel, boulders, etc), aquatic plants and algae and debris 
that has been washed into or fallen into the stream, such as logs, leaves, etc.  A stream capable 
of sustaining diverse aquatic communities will contain a variety of instream structure including 
some that is permanent and some that is mobile during high flow events.  
 

4) Epifaunal Substrate (Macroinvertebrates) 
 

Epifaunal substrate refers to the area on the bottom of the stream (entire wetted 
perimeter) where macroinvertebrates inhabit.  This attribute is scored as a percentage of 
the stream bottom in a sub-reach which contains substrates suitable for 
macroinvertebrate colonization.  Scoring for this attribute should rely heavily on the 
stability of the substrate, the size of the interstitial spaces, and the cleanliness (not 
covered in thick algae or sediment deposits) of the substrate.  Cobbles and coarse 
gravel will score higher percentages as they contain larger interstitial spaces for 
colonization, while sand and silt would score lower since they provide little spaces.  In 
addition, root wads along the bank would score higher as they are more stable features 
than would depositional areas or small woody debris. 

 
5) Instream Habitat (Fish) 

 
Instream habitat refers to the habitat features within the wetted perimeter of the stream 
sub-reach which are available for fish colonization.  This attribute is scored as the 
percentage of the stream bottom (wetted perimeter) in a sub-reach which is covered with 
fish habitat.  As with the epifaunal substrate attribute substrates composed of cobbles, 
coarse gravels and boulders score higher for fish cover as they provide better spaces for 
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colonization.  Other habitats that score high are large woody debris (individual logs with 
diameter >4 inches or complex woody structures composed of rootwads, logs, or limbs 
with diameter of 1.5 ft. or greater) and undercut banks.  While habitats that score lower 
are those such as depositional areas, leaf packs, and fine sediments or sand. 

 
6) Substrate Characterization 

 
The dominant stream substrate size classification for riffles and pools within each sub-
reach will be recorded on the record sheet.  Only substrates within the wetted perimeter 
are evaluated.  This information will be used to characterize the similarities and or 
differences in substrate structure and complexity in the riffles and pools of the study 
reach as it relates to the development and maintenance of the systems biological 
integrity. 
 
Particle are classified into one of the size classes listed on the Semi-Quantitative Habitat 
Assessment Field Form based on the size of the intermediate axis (median dimension) 
of its length, width, and depth.  This "median" dimension is the sieve size through which 
the particle can pass.   
 

Bedrock   smooth or rough 
Boulder   >25 cm 
Cobble    6-25 cm 
Coarse Gravel   1.6 – 6 cm 
Fine Gravel   0.2 – 1.6 cm 
Sand    <0.2 cm 
Silt/Mud/Clay   fine, not gritty 

 
Notations are made for unusual substrates such as concrete or asphalt and denote 
these artificial substrates as "other" and describe them in the comments section of the 
field data form.  Code and describe other artificial (such as large appliances, tires, car 
bodies, etc.) substrates in the same manner. 

 
7) Sediment Deposition 

 
The sediment deposition attribute refers to the amount of stream bottom (in the wetted 
perimeter) that is covered by fine sediments and/or particulate organic matter.  This 
attribute is scored as a percentage of the bottom in each sub-reach which is covered by 
such loose materials. 

 
8) Aquatic Macrophytes and Periphyton Coverage 

 
An estimate of the percentage of area covered by macrophytes and periphyton in a sub-
reach is made and recorded both for riffles and pools.  Macrophytes refers to aquatic 
plants that grow in the stream (both emergent and submerged), and periphyton refers to 
algae that grows on fixed surfaces.  This attribute helps biologists determine stream 
productivity from a nutrient enrichment perspective and also for the availability of food 
sources for aquatic biota. 
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4.2.2.3  Riparian Characteristics 
 

 The riparian area includes the area from the stream bank in a direction away from the 
stream into the upland areas.  It is these streamside riparian zones that ultimately help shape 
the stream and provide organic material as nutrients to the aquatic system.  A well developed 
riparian area protects stream banks from erosion, provides shading, inputs nutrients, provides 
materials as habitat (instream structure) and filters runoff entering the stream.  In the absence of 
well developed riparian zones the stream is more impacted by encroaching land-uses. 
 

10) Canopy Cover 
 
Canopy cover (percent stream shading) over the stream was determined for each of the 
sub-reaches.  Estimates of cover are made by looking into the canopy over the stream 
channel.  Estimates were made from mid-channel and each quarter channel to 
determine the average percent canopy cover for the width of the stream in the sub-
reach.  Percent canopy at each measurement point was estimated visually. 

 
11) Bank Stability and Slope 

 
Bank stability is an important attribute that is an indication of a stream reaches overall 
hydrologic equilibrium.  A bank’s stability also determines its ability to provide stable 
habitat for biota and its propensity to release large sediment yields to the stream, which 
ultimately cause high turbidity and deposition in downstream reaches.  The right and left 
banks are classified according to the following categories: 

 
Score 9-10 = Stable, little evidence of erosion, < 5% bank eroding 
Score 6-8 = Moderately stable, some evidence of new erosion, 5-29% bank eroding 
Score 3-5 = Moderately unstable, obvious new erosion, 30-59% bank eroding 
Score 1-2 = Unstable, most of bank actively eroding, 60-100% bank eroding 
 
Banks composed of sands and gravels are much less stable than banks composed of 
silt/mud/clay or cobbles.  The density of well rooted (more permanent) vegetation and 
root structure also help to improve a banks stability. 
 
Average bank slope (in degrees) in a sub-reach, was recorded for each bank (left and 
right).  Bank slope affects the stability of a bank and is an indicator of past erosion.  A 
gentle slope may average 30º while a steep or undercut bank may average 90º or 100º, 
respectively.  

 
12) Vegetative Protection 

 
Bank vegetative protection was measured as a percent of the bank surface area which is 
covered by stable riparian vegetation and their associated roots in a sub-reach.  Each 
bank (right and left) was assessed separately and the value recorded on the record 
sheet.  Banks was assessed from the edge of the water to the top of the first terrace or 
normal top of bank. 
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13) Riparian Vegetative Zone Width 

 
Riparian zone encompasses the area from the top of the normal stream bank outwards 
into the upland area.  The broader the riparian vegetative zone width the more protected 
the stream banks are from alteration, the fewer pollutants will enter the stream from 
runoff, and the more available food sources there are to be deposited into the stream 
from the surrounding forest.  Riparian zone width is scored for each bank in a sub-reach 
according to the following scale: 

 
Score 9-10 = Riparian Zone Width > 18 meters 
Score 6-8 = Riparian Zone Width 18 - 12 meters 
Score 3-5 = Riparian Zone Width 11 - 6 meters 
Score 1-2 = Riparian Zone Width < 6 meters 

 
4.2.3  Scoring and Analysis of Habitat Assessment Data 

 

 Scores from the Semi-Quantitative Habitat Assessment was utilized in two different 
ways.  First, data collected for each attribute (assessment category) was used independently to 
describe the study reach collectively.  This method results in information such as:  average riffle 
depth, average pool width, % riffle in entire reach, average bank stability, average (median) 
substrate size class in pools and riffles, mean % canopy cover, etc.  Second, the data collected 
during the assessment was used in conjunction with the Qualitative Habitat Assessment 
procedure to score each of the ten “qualitative” indices with near quantitative accuracy (semi-
quantitative).  A combination of the two methodologies was incorporated into this intensive 
aquatic biota field study.  The following sections outline the scoring of the qualitative habitat 
indices using the semi-quantitative data. 

 

1) Epifaunal Substrate/Available Fish Cover 

Average values from semi-quantitative categories 4 (Epifaunal Substrate) and 5 
(Instream habitat) are combined into an overall average percent coverage are used to 
score this metric.   

 

The following table presents the scoring criteria: 

Rank Optimal Sub-Optimal Marginal Poor 

% Coverage >70% 40%-70% 20%-39% <20% 

Score 20 -16 15 -11 10 - 6 5 - 1 

 

2) Pool Substrate Characterization  
 

Using the Substrate Characterization data from the semi-quantitative assessment 
(category 6) and the aquatic vegetation assessment (category 9) the following table may 
be used to score this metric. 
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Rank Optimal Sub-Optimal Marginal Poor 

Substrate Cobble or Gravel Sand/Silt/Clay Sand/Silt/Clay Bedrock or 
Clay Only 

Macrophytes 
Present 

Yes No Yes No No 

Score 20 - 18 17 - 16 15 - 11 10 - 6 5 - 1 

 
3) Pool Variability 

 
Semi-Quantitative categories 2 (Riffle-Pool Sequence) and 3 (Depth and Width regime) 
are used to help score this metric.  Use the following table to determine pool variability. 

 

Pool 
Characteristic 

Large-Deep Large-Shallow Small-Deep Small-Shallow 

Size Length ≥ 
Width 

Length ≥ Width Length < Width Length < Width 

Depth ≥3.2 feet < 3.2 feet ≥3.2 feet < 3.2 feet 

 

An equal balance of all four pool types achieves higher scores.  A prevalence of shallow 
pools scores lower. 

4) Channel Alteration 
 

Scored from visual assessment of entire reach.  Not aided by semi-quantitative 
attributes. 

 
5) Sediment Deposition 
 

 
Reach average percent bottom affected by deposition (from category 8) is used directly 
to score this metric.  

 

Rank Optimal Sub-Optimal Marginal Poor 

% Bottom 
Affected 

<5% 5%-30% 31%-50% >50% 

Score 20 -16 15 -11 10 - 6 5 - 1 

Utilize the lower end of each scale to represent reaches where recent sediment bar formation is evident. 
 

 

 

 

6) Channel Sinuosity (replacement for Frequency of Riffles) 
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This metric is assessed separately from the semi-quantitative data.  It can be estimated 
in the field, measured during a longitudinal survey or calculated from current aerial 
photographs. 
 

7) Channel Flow Status 
 

Scored from visual assessment of entire reach.  Not aided by semi-quantitative 
attributes. 

 
8) Bank Stability 

 
The average bank stability score for each represented bank from the semi-quantitative 
assessment (category 11) is directly applied to the qualitative assessment scoring for 
this metric (i.e. an average reach score of 8 for the right bank and 7 for the left bank gets 
transferred directly to the qualitative score sheet as such.) 

 
9) Vegetative Protection 

 
Reach average percent bank protected (from category 12 of the semi-quantitative record 
sheet) is used directly to score this metric for the right and left bank.  

 

Rank Optimal Sub-Optimal Marginal Poor 

% Protected >90% 70% - 90% 50% - 69% <50% 

Score 20 -16 15 -11 10 - 6 5 - 1 

 
10) Riparian Vegetative Zone Width 

 
The average riparian zone width score for each represented bank from the semi-
quantitative assessment (category 13) is directly applied to the qualitative assessment 
scoring for this metric (i.e. an average reach score of 8 for the right bank and 7 for the 
left bank gets transferred directly to the qualitative score sheet as such). 

 
4.2.4  Results and Discussion 

 
4.2.4.1 Habitat Quality 

 
 The field study was completed on April 28, 2005 during seasonal stream conditions.  A 
summary of the physical attributes of all stations where physical data was collected is presented 
in Table 4.2.  Each study reach was generally characteristic of Gulf Coastal Plain streams 
and/or seasonal wet-weather tributaries with small watersheds.  Field sheets and the raw 
habitat data are provided in Appendix E.   
 

 
4.2.4.2 Reach LC-1 

 
As identified in Section 4.1, Reach LC-1 was used to represent an upstream reference 

condition.  This reach is located upstream of any discharge from Lion Oil.   The upstream 
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terminus of the reach LC-1 was a large wetland area that was developed and maintained as a 
result of beaver activity.  The source of the flow in reach LC-1 was seepage from the beaver 
dam. The reference reach differed from the other two study reaches in four primary 
characteristics. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4.2.  Habitat characteristics of study reaches during seasonal flow conditions. 
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1Average bankfull depth is calculated on riffles only 
 

Study Locations 
Observation LC-1 LC-2 LC-3 
Date 4/28/2005 4/28/2005 4/28/2005 
General Stream Characteristics: 
Upstream Watershed Size, mi2 2.0 2.6 2.8 
Total Habitat Reach Length, ft 254 424 338 
Average Bankfull Width, ft 12.7 21.2 16.9 
Average Bankfull Depth, ft1 1.4 2.2 1.95 
Average Velocity, fps 0.25 0.78 0.86 
Flow, cfs 0.48 4.19 4.45 
Morphology Regime 
% Pool 74.7 100 65 
% Riffle 25.3 -- 8.8 
% Run -- -- 27 
Depth and Width Regime 
Average Riffle Depth, ft. 0.3 -- 0.6 
Average Riffle Wetted Width, ft 5 -- 9 
Average Pool Depth, ft. 1.7 1.0 1.5 
Average Pool Wetted Width, ft 8.8 19.9 15.7 
Instream Habitat (Percent Stable Habitat) 

Epifaunal Substrate, Macroinvertebrates 45 15 24 
Instream Cover, Fish 48 14 29 
Substrate Characterization (Dominate Substrate) 
Pool sand sand clay/silt, sand 
Riffle sand -- sand 
Run -- -- clay/silt, sand 
Sediment Deposition 
Average Percent of Bottom Affected 38 55 27 
Aquatic Macrophytes and Periphyton (Percent Coverage) 
Pool Macrophytes 2.9 4.5 4.4 
Pool Periphyton 0 1 7.2 
Riffle Macrophytes 0 -- 2.5 
Riffle Periphyton 0 -- 22.5 
Run Macrophytes -- -- 5 
Run Periphyton -- -- 5 
Canopy Cover (Percent Stream Shading) 
Stream Shading 85 0 13 
Bank Stability and Slope 
Average Left Bank Stability mod. stable mod. unstable unstable 
Average Left Bank Slope (degrees) 79 76 87 
Average Right Bank Stability mod. unstable mod. unstable mod. unstable 
Average Right Bank Slope (degrees) 70 67 77 
Bank Vegetative Protection 
Average Left Bank Protection (percent) 54 54.5 40 
Average Right Bank Protection (percent) 45 61 57 
Riparian Vegetative Zone Width 
Left Bank Riparian Width, meters 12 - 18 0 12 – 18 
Right Bank Riparian Width, meters 12 - >18 0 6 - 11 
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• Flow:  the flow in LC-1 was approximately one-tenth (0,1) of the flow at the 
other two reaches. 

• Canopy Cover: Cover in LC-1 was 80-100% compared to less than 20%  for 
the other two reaches, 

• In stream Habitat: The habitat of LC-1 was almost double that at the other 
study reaches.  This was in the form of woody debris, which originated from 
the canopy and/or stream bank habitat.  

• Riffle/Pool Complex: LC-1 also demonstrated a distinct pool/riffle complex 
that was absent in the downstream reaches. 

 
These characteristics (Appendix F, Figures F.1-3) provided a greater diversity of habitats 

for the development of the benthic and fish community, however the limited flow overshadowed 
the diversity  and resulted in a reduced benthic diversity and limited fish community 
development (See Sections 4.4 and 4.5). 

The LC-1 reach was approximately 254 feet in length with a bankfull width (the point at 
which the stream enters its active floodplain) of 12.7 feet, and was composed of approximately 
75% shallow pools and 25% riffles (Appendix F, Figures F.1-3).  The stream reach had an 
average wetted riffle depth and width of 0.3 ft and 5.0 ft, respectively.  The average wetted pool 
depth and width was 1.7 ft and 8.8 ft, respectively.  Average velocity was 0.25 fps, while the flow 
recorded at this station was 0.48 cfs (See Appendix E).   

Instream habitat (fish cover) was composed of logs and woody debris, and covered 
approximately 48% of the reach.  The epifaunal substrate (macroinvertebrate habitat) was 
available in approximately 45% of the reach.  The stream substrate composed mostly of sand in 
riffles and in pools.  Sediment found in this reach was at about 38% of the bottom affected.  
Very few aquatic macrophytes were found along this stream segment (2.9%) and were 
restricted to pool margins. Stream shading along the reach was high at 85% canopy.  Bank 
stability was scored on a left and right bank basis, the left bank scored in the moderately stable 
category, while the right bank scored moderately unstable.  Bank vegetative protection covered 
approximately 45 -54% of the reach, while riparian vegetative zone averaged 12 to >18 meters. 

 
4.2.4.3  Reach LC-2 

 
 This reach is located wholly within the managed area of the Lion Oil facility (Figures C-4 
- 5). The stream course is channalized with containment dikes on both sides of the entire reach. 
The reach was classified as a single long pool with no riffles or runs (e.g. areas with increased 
velocities) and little variability in substrate (100% sand). The physical constraints would indicate 
that the biotic communities should have been limited when compared to both the upstream 
reference and downstream reaches (See Section 4.4 and 4.5). 

Reach LC-2 (424 feet) was composed of 100% shallow pools.  Table 4.2 (See Appendix 
C – Field data sheets).  The average bankfull width was 21.2 ft.  The average stream wetted 
depth and width was 1.0 ft and 19.9 ft, respectively.  Note, the average wetted width was only 
9% of the bankfull width in this reach, compared to 54% in Reach LC-1.  This reduced ratio also 
reflective of the managed stream corridor as Loutre Creek dissects the facility. Average velocity 
at LC-2 was 0.78 fps, while the flow recorded at this station was 4.19 cfs (Appendix C).  

Fish cover and macroinvertebrate habitat both covered approximately 15% of the area 
surveyed and were limited due to historical stream modification.  The reach’s substrate was 
dominated by sand.  Heavy amounts of sediments were found in LC-2 at approximately 55% of 
the bottom affected. Stream shading along this reach was 0% reflecting the historical riparian 
disruption.  Few aquatic macrophytes were found along this stream segment and covered less 
than 5% of the available stream-bank interface. This macrophytes community was restricted to 
watercress along the stream margins with grasses and forbs at the aquatic interface.  Both left 
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and right bank stability scored in the moderately unstable category, while the bank slopes were 
approximately 76o and 67o for left and right bank, respectively.  Bank vegetative protection was 
adequate and covered approximately 55% and 61% for left and right bank, respectively.  
However, the bank vegetation was predominately grasses, which has very little protective 
characteristics.  The riparian zone was also very minimal and was only protected by grasses, 
the actual score for the riparian zone width was zero. 

 
4.2.4.4  Reach LC-3 

 
 Reach LC-3 is located downstream of all storm water discharges (Figure 4.1). The 
watershed was slightly larger than LC-2, however the stream width and depth was less than LC-
2, again reflecting the managed habitat of LC-2.  Reach LC-3 demonstrated a greater degree of 
stream morphology development and a wider variety and density of instream vegetation than 
any other reach (Appendix F, Figure F 6-9).   

Reach LC-3 (338 feet) was composed of approximately 65% shallow pools, 27% runs, 
and approximately 9% riffles (Appendix C).  The average bankfull width was measured at 16.9 
ft, while the bankfull depth was measured at approximately 2.0 ft.  The average wetted riffle 
depth and width was 0.6 ft and 9.0 ft, respectively.  The average wetted pool depth and width 
was 1.5 ft and 15.7 ft, respectively.  Average velocity at LC-3 was 0.86 fps, while the flow 
recorded at this station was 4.45 cfs (Table 4.2 and Appendix C).   

Within the study reach, the fish cover and macroinvertebrate habitat covered 
approximately 25% and 30%, respectively. Stream shading within the reach was sparse with 
13% canopy.  The aquatic macrophytes within the reach were found in each morphology regime 
between 2.5% and 5.0%.  Periphyton covered approximately 22.5% of available riffle substrate.  
Average bank stability along LC-3 was unstable (left bank) and moderately unstable (right 
bank).  Bank slope was very steep at 87% and 77% for left bank and right bank, respectively.  
Bank vegetative protection was moderate and averaged between 40% and 57%.  The riparian 
vegetative zone average was 12 – 18 meters for the left bank, while the right bank’s average 
was 6 – 11 meters. 

 
4.2.5  Habitat Potential 

 
 A qualitative assessment of habitat potential was completed at study reaches LC-1, LC-
2, and LC-3.  The assessment placed reaches LC-1 and LC-3 in the sub-optimal category with 
mean scores of 14.2 and 11.4, respectively and reach LC-2 in the marginal category with a 
mean score of  7.8 (Table 4.3).  Differences in the scores between reaches were demonstrated 
most significantly by differences in epifaunal substrate, channel alteration, channel sinuosity, 
and riparian vegetative zone width. 
 The results of the qualitative habitat assessment indicate the presence of favorable 
habitat for fish and macroinvertebrates at study reaches LC-1 and LC-3.  While study reach LC-
2 scored less favorably for fish and macroinvertebrate habitat due to disturbances both instream 
and along side the stream, as well as alterations to the channel.  The individual scoring forms 
are provided in Appendix E. 
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Table 4.3.  Qualitative habitat potential summary of study reaches, April 2005. 

Reach 
Parameters LC-1 LC-2 LC-3 

1.     Epifaunal Substrate 14 4 10 
2.     Pool Substrate 10 11 13 
3.     Pool Variability 13 10 15 
4.     Channel Alteration 18 2 10 
5.     Sediment Deposition 14 8 13 
6.     Channel Sinuosity 13 2 9 
7.     Channel Flow Status 17 16 16 
8.     Bank Stability       

Left Bank 8 5 3 
Right Bank 7 5 5 

9.     Vegetative Protection       
Left Bank 7 6 5 

Right Bank 5 7 6 
10.   Riparian Vegetative Zone Width       

Left Bank 8 1 6 
Right Bank 8 1 3 

Score (Total) 142 78 114 
Score Average 14.2 7.8 11.4 

Ranking S M S 
 
Ranking Range 
Optimal (O)   16-20 
Sub-optimal (S)  11-15 
Marginal (M )  6-10 
Poor (P)    0-5 

 
4.2.6  Habitat Conclusions 

 
 The habitat evaluation indicated that: 
 

1. The habitat of Loutre Creek provides some minimum level of form and function to 
support a limited biotic community.  

2. Loutre Creek does not demonstrate the habitat potential for the development of a 
characteristic Gulf Coastal Seasonal biotic community.  The limiting factors vary 
from study reach to study reach.  

3. The flow (minimum even during the spring seasonal period) and stream 
morphology (no deep pools) of the reference reach (LC-1) limits the biotic 
community development. 

4. The flows provided by the current discharge condition from Lion Oil provides a 
constant source of flow to allow increased community development when 
compared to upstream reference conditions. 

 
4.3  Water Quality 
 

4.3.1  Chemical Characteristics 
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This section presents the methods and results of the water quality characterization for 
in-situ and minerals analysis in Loutre Creek upstream (LC-1) and downstream (LC-2 & LC-3) of 
Lion Oil storm water outfall discharge influences.  The analytical methods used followed 
procedures outlined in Standard Methods for the Examination of Water and Wastewater and 
appropriate EPA published methods. 
 

4.3.2  Methods 
 
 The water quality analysis was conducted during April 2005 to characterize instream 
conditions during spring seasonal period. Water quality analyses were taken within each study 
reach during the time of biological assessment.  Water quality analyses consisted of in-situ 
measurements and grab samples for laboratory analysis of chloride, sulfate, and TDS.  In-situ 
measurements for water temperature, dissolved oxygen (DO), and specific conductance were 
measured using a YSI Model 85 digital meter.  The pH was measured using an Orion model 
230A pH meter that was calibrated using the standard two point method.  Turbidity was 
measured using a Hach 2100P turbidimeter.  Grab samples were collected and preserved on 
ice for laboratory analysis of chloride, sulfate, and TDS.  All field meters were calibrated the 
morning prior to use in the field.  Calibration records, analytical results and chain of custodies 
are provided in E- Field Data Sheets. 
 

4.3.3  Results and Discussion 
 
 The in-situ water quality data is presented in Table 4.4.  DO ranged from 3.7 mg/L to 5.2 
mg/L in the sampling reaches.  The pH ranged between 6.7 and 7.9 s.u. along the three 
reaches evaluated.  Specific conductivity was a magnitude higher at LC-2 (2,876 μmhos ) and 
LC-3 (2,788 μmhos) verses LC-1 (295 μmhos). These increases reflect a result of residual 
effects from storm water outfalls, as well as current effects of Outfall 001 discharge.  The 
chloride, sulfate, and TDS concentrations were also higher at LC-2 and LC-3 than at LC-1, likely 
for the same reason. 
 
 
 Table 4.4.  Water quality data measured/sampled in April 2005. 

Parameter LC-1 LC-2 LC-3 
Date 4/28/2005 4/28/2005 4/28/2005 
Time 1410 1045 0800 
Temperature, Co 21.1 26.8 23.6 
Dissolved Oxygen, mg/L 3.7 5.2 4.4 
Specific Conductance, uS 295 2876 2788 
pH, su 6.7 7.9 7.5 
Turbidity, ntu 13.3 24.0 22.0 
Total Dissolved solids mg/L 190 1800 1800 
Chloride mg/L 70 220 220 
Sulfate mg/L 4.4 960 950 

 
4.3.4  Conclusions 

 
1) The in-situ parameters measured during the study indicate that water quality 

supports the attainment of the designated aquatic life use and the development and 
maintenance of the biological integrity in stream bodies. 
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2) Upstream dissolved oxygen did not maintain the water quality standard for primary 
season Gulf Coast minimums. 

3) The water quality of Loutre Creek is dominated by the discharge from the facility. 
 
4.4  Benthic Macroinvertebrate Community 
 

4.4.1  Introduction 
 
 The benthic macroinvertebrate community reflects the effects of habitat availability, and 
the long term exposure to physical and chemical properties of the water in which it develops and 
lives. The presence and diversity of the benthic macroinvertebrate community reflects a water 
body’s biological integrity. 
 

4.4.2  Methods 
 
An assessment of the benthic macroinvertebrate community was performed using rapid 

bioassessment (RBA) techniques as detailed in ADEQ, 1988.  The methods were modified to 
sample in pool habitats.  As indicated in Section 1.2, three sampling stations associated with the 
discharges were evaluated.  LC-1 was on Loutre Creek upstream of any contribution from the 
Lion Oil facility, either treated process or storm water.  Reach LC-2 was sampled to represent 
conditions downstream of Outfall 001 (treated process discharge) and Reach LC-3 was 
sampled to characterize Loutre Creek downstream of all discharge for the facility (Figure 4.1). 

Macroinvertebrates were sampled using a Turtox Indestructible® dip net.  Each station 
was sampled for three minutes according to the RBA protocol. The three minute sample period 
included time spent actively sampling the selected microhabitat and did not include time moving 
from microhabitat to microhabitat and/or sorting large debris particles from the sample to be 
processed. 

Each sample was placed in a bucket and condensed using multiple washings into a 
standard #30 sieve.  The samples were preserved in the field and transported to the lab for 
further processing, sub-sampling, identification and enumeration.  In the lab,  each of the field 
preserved samples were sub-sampled at random, placed on a  grid, white sorting tray from 
which the macroinvertebrates sub-sample was collected. The white tray, with a 10 X 10 grid, 
was used to randomly select a 100 organism sub-sample from the qualifiedly collected benthic 
sample.  Numbered grids were selected at random, from which all insects were collected and 
ultimately identified.  Collections from individual grids continued until 100 organisms were 
collected.  The 100 organism sub-samples were preserved in Kaylee’s solution or 70% ethanol 
as a voucher for verification.  The remainder of the original sample was concentrated, large 
particles removed, preserved in Kaylee’s ‘solution and retained as a voucher for the sample 
picking techniques used.  These voucher samples will be held at GBMc for a period of 24 
months or until the project is completed.  After project completion the samples may be 
contributed to a university zoological collection. 

 
 

 The macroinvertebrate assemblages from each station were analyzed according to 
several benthic community biometrics.  These include richness (number of different taxa), EPT 
richness (number of different taxa represented in the orders Ephemeroptera, Plecoptera, and 
Trichoptera), and species diversity as determined by the Shannon-Wiener diversity Index.  The 
analysis also included the seven biometrics used by the State of Arkansas (ADPCE, 1988) in 
their RBA scoring system.  This scoring system places a value (1 to 4, 1=excessive differences, 
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4=no differences) on each of the seven biometrics to achieve a final mean score.  The field data 
sheets and biometric score forms are provided in Appendix E. 
 

4.4.3  Results and Discussion 
 

4.4.3.1 Overview 
 

The species diversity was greatest (3.73) at the downstream most station (LC-3), and 
lowest (3.10) in the reference reach above the Lion Oil facility, indicating that the benthic 
community was improved, and more diverse, both taxonomically and functionally, downstream 
of the storm water discharges of the Lion Oil facility than they were upstream of those 
contributions. This measure of invertebrate community development reflects the impact of the 
urban disturbances and the limited watershed size upstream of the facility. In addition, the 
continuous flow augmented by the treated discharge from Outfall 001 (in the middle of Reach 2) 
maintains a constant wetted habitat.  A summary of the benthic macroinvertebrate community 
assemblages of Loutre Creek collected during the spring seasonal aquatic field study is 
presented in Table 4.4.  A total of 18 taxa (i.e., community richness) were identified from all 
reaches sampled from Loutre Creek (Table 4.5).  

The representative communities of each sample reach shared 3 of 5 dominant ordinal 
groups (Diptera, Annelida, Pelecypoda).  However, Reach LC-3 demonstrated the most even 
distribution on an ordinal level with 7 orders comprising approximately 10 percent of the benthic 
sub-sample, and included mayflies with 9.6 percent of the assemblage. The LC-3 diversity was 
further demonstrated in that the five dominant taxa comprised only 58 percent of the sample 
compared to 89 and 82 percent at LC-1 and LC-2, respectively.    

The functional assemblage changed from LC-1 to LC-3.  The LC-1 functional 
assemblage was dominated by collectors over predators, by a 2:1 ratio. This ratio moderated at 
LC-2 to about 1:1 and was reversed at LC-3 to almost 1:2, collectors to predators.  Typically, the 
collectors functional group would dominate gulf coastal streams with watersheds of 10 square 
mile or less, as demonstrated by LC-1, the reference condition.  However the elevated flows 
and the persistent velocity resulting from the discharges, and the changes these two physical 
conditions bring about on the stream channel (clay hardpan, deeply incised stream bad, etc.), 
and the absence of a canopy at LC-3 functionally reflect conditions characteristic of much larger 
watersheds.  The shift in the functional assemblage from collector to predator dominated 
communities is in response to these physical changes.  

 
4.4.3.2  Reach LC-1 

 
The upstream community (LC-1) was dominated by representatives from the order 

Diptera (true flies) and Annelida (aquatic worms), which comprised 77.3 percent of the 
assemblage.  Only the introduced Asiatic clam (Corbicula), was collected from LC-1 and not 
collected from either LC-2 or LC-3. 

 
 
 
4.4.3.3  Reach LC-2 

 
The invertebrate community of Reach LC-2 was also dominated by order Diptera (true 

flies) and Annelida (aquatic worms), but comprised only 60 percent of the assemblage. Other 
dominates included damselflies which comprised 12 percent of the assemblage.  The trophic 
structure of LC-2 was more closely divided between collectors and predators. There was no 
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individual taxa collected from LC-2 that was not also collected from either LC-1 or LC-3 
community was composed mostly of collectors. 

 
4.4.3.4  Reach LC-3 
 
The invertebrate community of Reach LC-3 community was also dominated by diptera, 

which comprised 41% of the assemblage.  There was no clear sub-dominant with six orders 
approximating 10% of the community. The trophic structure of community was dominated by 
predators.  Mayflies and additional crustaceans were collected from LC-3 that were not present 
in the other study reaches. 

 
4.4.3.5  Biometric Score Comparisons 

 
 Although there were some specific taxonomic differences in the species collected, the 
biometric scores calculated for the comparison of the assemblages collected at LC-1, LC-2 and 
LC-3 were 2.9, 3.4, and 3.6, indicating only minimal differences between the benthic community 
assemblages.  The most notable difference between the representative communities upstream 
and downstream of the storm water outfalls is in their trophic structure (Figure 4.4).   
 This structure demonstrates a shift from a collection dominated community to a 
predator dominated assemblage.  Several factors could account for this including, habital 
differences, hydraulic modification due to storm flows, or the changes in water quality.  
Typically, collectors would dominate benthic assemblages of small gulf coastal streams.  
However, the hydraulics created by the storm water and treated process discharge result are 
characteristic of much larger watersheds. 
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Table 4.5  Summary of Benthic Community metrics from Loutre Creek as sampled 

May 2005. 
 

Reach Designation 
 

Parameter 

 
COMMUNITY MEASURES 

 
LC-1 

 
LC-2 

 
LC-3 

Total number of Taxa (Richness) 18 18 18 
EPT Richness 0 0 1 
EPT % Abundance 0 0 9.6 
Diversity Indices (Shannon-Wiener) 3.0 3.4 3.9 
Total % of 5 Dominant Taxa 89 72 58 
Dominant Orders    
Ephemeroptera 0 0 9.6 
Annelida 27.3 12.7 10.6 
Odonata 5 11.8 9.6 
Pelecypoda 12 0 0 
Crustacea 3.6 6.9 10.6 
Hemiptera 0 4.9 10.6 
Diptera 48. 56 41.3 
Functional Assemblage    
Shredders 9 11 10 
Scrapers 0 1 0 
Collectors, Filtering 26.4 29.4 14 
Collectors, Gathering 28.2 14.7 23 
Collectors, total  54.6 44.1 37.5 
Predators 35.5 44 52 
Biometric Score: 3.4 3.6 
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Table 4.6  Summary of Benthic Community taxa collected from Loutre Creek using the RBA 
techniques.  May 2005. 

  
STUDY REACHES 

  
 

Taxa/Station I.D. 

 
Trophic 
Group LC-1 LC-2 LC-3 

COLLEMBOLA         
Podura PR --- --- 2 
ANNELIDA         
Oligochaeta GC 29 13 11 
Helobdella PA 1 --- --- 
PELECYPODA         
Corbicula FC 13 --- --- 
CRUSTACEA         
Cambarinae SH 3 7 8 
Amphipoda GC 1 --- --- 
Isopoda GC --- --- 3 
Palaemonetes FC --- --- 2 
EPHEMEROPTERA         
Caenis GC --- --- 10 
ODONATA         
Argia PR 1 3 4 
Enallagma PR --- 8 6 
Libellula PR 3 --- --- 
Perithemis PR 1 1 --- 
HEMIPTERA         
Belostoma PR 1 1 --- 
Corixidae PR --- 4 11 
MEGALOPTERA         
Sialis PR --- --- 3 
COLEOPTERA         
Curculionidae PR --- --- 2 
Dineutus (larvae) PR 1 --- --- 
Dytiscus SC --- 1 --- 
Hydrocanthus SH --- 1 --- 
Hydrochus SH --- 1 --- 
Peltodytes SH 1 --- --- 
Uvarus PR --- 3 3 
DIPTERA         
Anopheles FC 1 2 --- 
Bittacomorpha SH 1 --- --- 
Probezzia GC 1 2 --- 
Chironominae FC 15 28 15 
Tanypodinae PR 25 14 11 
Tanytarsini PR 7 9 4 
Hexatoma PR --- 2 2 
Psychoda PR --- --- 8 
Tipula SH 5 2 3 
Sum of Percentages   100 100 100 
Total Abundance:   110 102 108 
Species Richness:   18 18 18 
Shannon-Wiener Diversity Index   3.1 3.4 3.86 
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Reach LC - 1 

Collectors 55% 

 
  Shredders  9% 

Predators 36% 

Reach LC-3 

Predators 52%
Shredders

10%

Collectors
38%

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
4.4.4  Conclusions 

 
 Based on the analysis of the macroinvertebrate collection from Loutre Creek, the 
following conclusions are provided: 
 

1)  The macroinvertebrate communities observed at all study reaches are similar 
in the development of taxonomic diversity. 

2)  Biometric comparisons indicate that there are minimal differences in the benthic  
 communities. 
3)  The community structure (form and function) demonstrated minimal 

differences which could be attributed to differences in physical conditions of 
the stream reach evaluated. 

4)  The macroinvertebrate communities observed at the Loutre Creek reaches 
are similar in structure and composition to Gulf Coastal Plain ecoregion 
conditions for small watersheds.  However, the complexity of the community 
was limited when compared to least disturbed streams, even in the reference 
site on Loutre Creek.  

5)  The minimal differences actually reflect an improved benthic community at 
LC-3 downstream when compared to LC-1. The improvement is likely a 
response to increased flow and the improved habitat diversity indicated in the 
qualitative habitat assessment. 

6)  The macroinvertebrate community is being fully maintained downstream of 
the effluent discharge, as is the designated aquatic life use. 

7)  The biological integrity of Loutre Creek is being supported by the existing discharge 
conditions, which include elevated dissolved mineral concentrations resulting for the 
application of the air emission control equipment. 

 
 

Figure 4.4.  Comparison of trophic structure of benthic community upstream and downstream of outfalls. 
Collector dominated to Predator dominated. 
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4.5  Fish Community 
 

4.5.1  Introduction 
 
 The fish community supported in a stream is in direct response to available habitat, food 
sources, and water quality of that particular stream.  The presence of a certain level of species 
richness and diversity along with a community structure similar to that expected in typical 
streams of a ecoregion are indicators of aquatic ecosystem health.   
 The objective of the fish community characterization is to collect and identify a 
representative sample of all except very rare species in the assemblage reflective of the relative 
abundance within the community.  Backpack electrofishing equipment is used as the principal 
sampling gear supplemented by block netting and seining in habitats where flow, substrate and 
structure affect the capture of fish species.  Other methods of fish sampling may be 
implemented when conditions are not adequate for backpack eletrofishing or seining; these may 
include, using boat electrofishing equipment and/or hook and line sampling equipment.  Usually 
2 – 4 team members will make up the sampling team involved in collecting the aquatic 
vertebrates. 
 Major factors that influence collecting include flows, water depth, instream obstructions, 
water turbidity, temperature and conductivity.  The primary tool utilized in the fish collections 
was a Smith-Root backpack electroshocker. However, seines and block nets were utilized as 
necessary to adequately characterize a sampling reach.  The shocker is equipped with an 
automated timing mechanism which records the amount of time that electricity is actually being 
applied, or “pedal down time” (PDT). 
 Sampling fish species to determine their proportionate abundance will be conducted 
after all water quality parameters and/or samples are collected but prior to the collection of the 
macroinvertebrate sample and habitat data. 
 Shocked fish were captured with hand held dip nets and held in buckets while the 
sampling continued. The entire stream width within the sampling reach will be sampled.  PDT 
time will continue for not less than 30 minutes unless the wetted habitat of any reach limits the 
PDT. In addition to the PDT, the total collection time will be recorded.   
 Unless specified in a project specific sampling analysis plan (SAP), there will not be a 
maximum time limit for the collection period, however the collections may be terminated when in 
the opinion of the principal investigator determines that a representative collection has been 
obtained. Sampling information is recorded on the Fish Community Collection Form, general 
comments (perceived fishing efficiency, missed fish, and gear operation suggestions) will be 
recorded on the lines provided on this form. 
 An effort to search for and collect fish will be completed at all reaches, even if the stream 
is extremely small, and it appears that sampling may not collect any specimens. If no specimens 
are collected, the "NONE COLLECTED" field on the Fish Collection Form will be completed and 
will provide an explanation in the comments section of the form. 
 

4.5.2  Methods 
 
 An assessment of the fish community in Loutre Creek (LC-1, LC-2, and LC-3) was 
performed.  During the spring of 2005, each reach was sampled using a Smith-Root backpack 
electroshocker.  The shocker includes an automated timing mechanism which records the 
amount of time that electricity is actually being applied, or “pedal down time” (PDT).  

Shocked fish were captured with hand held dip nets and held in buckets while the 
sampling continued.  At the end of each sampling effort fish from both reaches were preserved 
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in formalin for later identification in the lab.  Fish identifications were made according to the 
Fishes of Arkansas (Robison, 1988) and The Fishes of Missouri (Pflieger, 1975) to species level 
where possible.   

The fish collections at each reach were compared according to several biometrics 
including:  species richness (number of taxa); sunfish richness; species diversity; abundance; 
dominant family groups; percent of tolerant species; trophic structure; percent of hybrids; 
percent of diseased fish; and key and indicator species as listed in Reg. No. 2.  In addition, the 
fish community was assessed using a Biocriteria method developed by ADEQ.  This Biocriteria 
uses a scoring system by which the assemblage collected is compared to a reference stream in 
the same ecoregion using eight different metrics.  The metric scores are totaled and the 
resulting sum is used to assess if a stream reach is in support of its assigned designated uses. 
 

4.5.3  Results and Discussion 
 

4.5.3.1  Reach Comparisons 
 

Species richness and diversity demonstrated little differences between the three study 
reaches.  Species richness and diversity were 12 and 1.53 for LC-1, 12 and 1.64 for LC-2, and 
12 and 1.43 for LC-3.  Each study reach was dominated by sunfish which comprised 58% (LC-
1) and 74% (LC-2 & LC-3) of the community (Table 4.7).  The fish assemblages from each 
reach shared the two dominant species represented in the samples.  The differences were in 
the sub-dominant group found at each study reach, which comprised the majority of each 
reaches’ collection (Table 4.8).  Trophically, the communities were dominated by insectivores, 
which accounted for 97.9% to 99.3% of each community.  The remaining community trophic 
structure comprised of 1.6%, and 0.7% omnivores at LC-1 and LC-2, respectively and 1.4% and 
0.7% piscivores at LC-2 and LC-3, respectively.    

A summary of the fish collected from the three reaches is provided in Table 4.8.  The fish 
assemblages collected from study reaches LC-1, LC-2, and LC-3 included a PDT of 28.2 
minutes, 38.4 minutes, and 37.8 minutes, respectively.  This equates to abundance of the fish 
observed during the collection and is expressed as fish caught per minute of shocking time or 
pedal down time (PDT).  The number of fish caught per minute of PDT is 4.43 at LC-1, 3.67 at 
LC-2, and 3.68 at LC-3.  The field data sheets and bio-criteria determination sheets are 
provided in Appendix E. 

 
4.5.3.2  Biometric assessment 

 
The primary factor in evaluating the biocriteria scoring for this application demonstrates 

that the downstream reach fish community was equal to that of the upstream reference reach 
(LC-1) fish community.  This demonstrates that the storm water discharges are not causing an 
adverse effect on the fish community’s development. 

The biometric scoring evaluates a fish community as it is compared to a least disturbed 
Gulf Coastal stream.   Important considerations in the application of the biometric assessment 
and the comparison of fish communities relates to the watershed size and the condition of the 
watershed. Both of these attributes, the watershed size and watershed condition, of   the 
upstream reference site on Loutre Creek (LC-1) is a lower value when compared to those used 
In the biocriteria development.  

The biometric assessment resulted in a total of 8 points at LC-1, a total of 8 points at LC-
2, and 6 points at LC-3 out of 32 possible points.  The low scores when compared to a least 
disturbed reference,  are a result of sensitive, catfishes, darters, and key species rarity, as well 
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as an over abundance of sunfish representatives and low species diversity through out the 
study reaches. 

However, all 3 reaches, including the upstream reference reach scored the same, 
indicating that the storm water discharges are not preventing the attainable use as indicated by 
the upstream reference condition.  Scores from each reach on Loutre Creek place them in the 
“not supporting” use support category, when compared to the least disturbed condition.  
However, the biocriteria scoring matrix was developed for streams with watersheds of around 
10 mi2 and does not account for seasonal streams with very small (<3 mi2 ) watersheds.   

 
 

Table 4.7.  Fish community structural analysis for Lion Oil, El Dorado, AR, April 2005. 
Parameter LC-1 LC-2 LC-3 

COMMUNITY MEASURES       
Richness (Total Number of Taxa) 12 12 12 
Darter Richness (Number of Taxa) -- -- -- 
Sunfish Richness (Number of Taxa) 5 5 5 
% Pollution Tolerant Species 2.4 4.96 5.04 
% Pollution Intermediate Species 96.8 95.04 94.96 
% Pollution Intolerant Species 0.80 -- -- 
% Diseased -- 4.3 2.2 
Number of Key & Indicator Species (Taxa) 2.0 2.0 3.0 
Number of Key & Indicator Species (Individuals) 4.0 10.0 6.0 
% Key & Indicator Species numbers of total fish  3.2 7.1 4.3 
Diversity Indices (Shannon-Wiever) 1.53 1.64 1.43 
Abundance, fish collected/minute 4.43 3.67 3.68 
TROPHIC STRUCTURE       
% Herbivores -- -- -- 
% Omnivores 1.60 0.71 -- 
% Insectivores 98.4 97.9 99.3 
% Piscivores -- 1.42 0.72 
PERCENT OF 5 DOMINANT FAMILY GROUPS       
Cyprinidae 2.4 0.7 -- 
Poeciliidae 36.8 24.8 25.2 
Cyprinodontidae 2.4 -- -- 
Esocidae -- -- 0.7 
Aphredoderidae 0.8 -- -- 
Ictaluridae -- 0.7 -- 
Centrarchidae 57.6 73.8 74.1 
Total % of 5 Dominant Groups 100.0 100.0 100.0 

* Total of 12 key and indicator species possible. 
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Table 4.8. Fish community for Lion Oil, El Dorado, AR, April 2005. 
Scientific Name Common Name LC-1 LC-2 LC-3 

  4/28/2005 4/28/2005 4/28/2005 
CYPRINIDAE     

Notemigonus crysoleucas golden shiner 2 1 0 
Opsopoeodus emiliae pugnose minnow 1 0 0 

POECILIIDAE     
Gambusia affinis mosquitofish 46 35 35 

CYPRINODONTIDAE     
Fundulus chrysotus golden topminnow 3 0 0 

ESOCIDAE     
Esox americanus1 grass pickerel 0 0 1 

APHREDODERIDAE     
Aphredoderus sayanus2 pirate perch 1 0 0 

ICTALURIDAE     
Ameiurus melas black bullhead 0 1 0 

CENTRARCHIDAE     
Lepomis cyanellus green sunfish 1 6 7 
Lepomis gulosus1 warmouth 0 2 1 

Lepomis punctatus2 spotted sunfish 3 8 6 
Lepomis megalotis longear sunfish 68 86 89 

Micropterus salmoides largemouth bass 0 2 0 
Total No. Taxa Collected 12 12 12 
Total Fish Collected 125 141 139 
Level of Effort (Minutes) PDT3 28.2 38.4 37.8 
Catch per Minute, PDT 4.43 3.67 3.68 
Shannon-Wiever Diversity Index 1.53 1.64 1.43 
1 Typical Gulf Coastal Ecoregion Key Species 
2 Typical Gulf Coastal Ecoregion Indicator Species 
3 Pedal Down Time 

 
 
4.5.4  Conclusions 
 
Based on the results of the fish collections, the following conclusions are provided: 

 
1) The fish assemblages collected at all study reaches, upstream and downstream of 

the storm water discharges, are similar in structure and function indicating that the 
biological integrity required to maintain the attainable  seasonal fishery is being 
supported. 

2) The communities at all reaches (LC-1, LC-2, and LC-3) during the seasonal study 
period were found to be dominated by sunfish.  

3) The communities were similar to those expected in a Gulf Coastal Plain stream of 
similar watershed size.  Therefore, the seasonal fishery downstream from the 
discharges is being maintained, as is the designated aquatic life use. 

4) The numbers of fish and diversity collected downstream during the seasonal study 
exceeds and/or equals those collected upstream.  The downstream reach was found 
to contain three of the key and indicator species as well. (ADEQ, 2004) 
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5) Comparisons to least disturbed gulf coastal streams indicated non-attainment of the 
perennial fishery use.  

6) The fish communities characterized as part of the aquatic life field study indicates 
that Loutre Creek, downstream of the existing Lion Oil discharges is maintaining the 
designated aquatic life use and while not as diverse as a typical least disturbed 
fishery, is more typical of a Gulf Coastal Plain stream than is the reference reach 
above the discharges.  

 
4.6  Summary 
 

Based on the aquatic life field study, the designated aquatic life use (seasonal fishery) 
and the biological integrity of Loutre Creek is maintained downstream of the  existing discharges 
from the Lion Oil facility.  In fact, the augmentation of flow from the discharges serve to enhance 
the potential for community development as illustrated by the comparisons between the 
upstream reference condition and the downstream study reaches.  
 
 

5.0  EXISTING LOADINGS OF DISSOLVED MINERALS 
 
5.1  Chloride, Sulfate, and TDS Water Quality Criteria 
 
 Currently Loutre Creek’s minerals water quality criteria is ecoregion numbers, while 
Bayou de Loutre has stream based water quality criteria for minerals.  The current ecoregion 
based chloride, sulfate and TDS water quality criteria for Loutre Creek (Figure 5.1) is 14 mg/L, 
31 mg/L, and 123 mg/L respectively.  The existing stream based chloride, sulfate and TDS for 
Bayou de Loutre upstream of Gum Creek is 200 mg/L, 90 mg/L, and 500 mg/L respectively and 
200 mg/L, 90 mg/L, and 750 mg/L downstream of Gum Creek.  Utilizing the applicable flows, 
background concentrations provided in the WQS and the applying the methods stipulated in the 
Continuous Planning Process (CPP), Outfall 001’s discharge from the Lion Oil facility will not 
maintain the existing ecoregion dissolved minerals criteria in Loutre Creek or sections of Bayou 
de Loutre. 

In addition to ecoregion water quality criteria, the domestic water supply use designation 
for Loutre Creek and Bayou de Loutre (upstream of Gum Creek) results in numeric criteria of 
250 mg/L, 250 mg/L and 500 mg/L for chloride, sulfate and TDS, respectively.  As discussed in 
Sections 3.2 and 3.3, the domestic water supply use is a designated, but not an existing use for 
Loutre Creek or Bayou de Loutre.  Additionally, there are no plans to utilize either stream as a 
domestic water supply use.  

In order to determine appropriate chloride, sulfate, and TDS criteria for Loutre Creek and 
Bayou de Loutre, mass balances were developed as described in the following sections. 
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5.2  Mass Balance 
 

The following mass balance equation was used to calculate instream waste 
concentrations (IWC) for chloride, sulfate, and TDS: 
 

IWC = [(Qb x Cb) + (Qe x Ce)] / (Qb + Qe) 
 
 Where: 
 

Qb = The background flow of the receiving stream 
Cb = The background concentration of chloride, sulfate, or TDS in the 

receiving stream 
 Qe =  The discharge flow of the effluent 
 Ce = The effluent concentration of chloride, sulfate, or TDS 
 
5.2.1  Methods 

 
The procedure for evaluating instream concentrations and developing permit limits for 

dissolved minerals can be found in ADEQ Discharge Permit, Toxic Control Implementation 
Procedure in Arkansas’ 1995 Continuing Planning Process (CPP). The value used for the 
background concentration in Loutre Creek and Bayou de Loutre of chloride (5 mg/L), sulfate (13 
mg/L), and TDS (67 mg/L) was the mean concentration for the Gulf Coastal Plain Ecoregion.  
The background values are listed in the CPP in Attachment XII, Mineral Permitting Strategy, for 
streams in the Gulf Coastal Plain with a 7Q-10 of less than 100 cfs.  A background flow of 4 cfs 
was used in each stream, as allowed for determining instream mineral concentrations in the 
WQS. Outfall 001 effluent concentrations for chloride were derived from historical data and data 
collected during April and May 2006, while storm water data was collected in December 2005 
from each storm water outfall and/or each of the two holding ponds that discharge through 
outfall 005, 006, and 007.  Effluent concentrations for sulfate and TDS were derived from data 
collected from March, 2004 through April, 2006 from Outfall 001.  Instream concentrations were 
calculated for Loutre Creek and Bayou de Loutre. 

 
5.2.2  Computations for Loutre Creek 
 
The Gulf Coastal Plain ecoregion background concentrations for chloride, sulfate, and 

TDS are 5 mg/L, 13 mg/L, and 67 mg/L, respectively.  Lion Oil’s reported highest monthly 
average flow for Outfall 001 from January 2004 through December 2005 is 2.62 mgd (4.06 cfs).  
The flow value used in the computations as the effluent flow at Outfall 001 selected as directed 
by Section D of ADEQ Discharge Permit, Toxic Control Implementation Procedure in the CPP.  
A concentration of 503 mg/L chloride, 1967 mg/L sulfate, and 3420 mg/L TDS were used as the 
effluent concentrations.  Each of these values is the 95th percentile plus 20% of its respective 
data set.  Due to the limited number of data points, a clear normal distribution verses non-
normal distribution determination was unable to be made.  Therefore, the chloride, sulfate, and 
TDS 95th percentiles were calculated according to a non-parametric (the data set was analyzed 
using a non-normal distribution) The non-parametric statistical technique as outlined in 
Statistical Methods for Environmental Pollution Monitoring (Gilbert, 1987) was used for each 
data set.  Additionally, frequency histograms were prepared for each data set so a visual check 
of its normality distribution could be made.  The chloride, sulfate, and TDS data visually 
appeared to have a non-normal distribution.  Therefore, the 95th percentile for the chloride, 
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sulfate, and TDS data was calculated using a nonparametric technique (Gilbert, 1987) 
presented below: 
 

k = p(n=1) 
 
where:  k = the ranked order number from the chloride data set (values of k that 

 are not integers are interpolated for using the two values that k falls 
 between). 

  p = desired percentile 
   n = number of data points 
 
This method returns a k value of 32.3 for chloride and 25.65 for sulfate and TDS.  The 

chloride data set has an n = 33, while the sulfate and TDS data sets has an n = 26.  Therefore, the 
values ranked in the data set as “32.3” for chloride and “25.65” for sulfate and TDS was (414 mg/L, 
1639 mg/L, and 2850 mg/L, respectively).  These “ranked” values are equal to the 95th percentile.  
Utilizing all the aforementioned data the IWC for chloride, sulfate, and TDS are calculated 
below.  The summary of the mass balance data inputs are provided in Table 5.1 for Loutre 
Creek. 

 
IWCchloride =  
[(4.0 cfs x 5.0 mg/L) + (4.06 cfs x 503 mg/L)] / (4.0 cfs + 4.06 cfs) = 256 mg/L 

 
IWCsulfate =  
[(4.0 cfs x 13 mg/L) + (4.06 cfs x 1967 mg/L)] / (4.0 cfs + 4.06 cfs) = 997 mg/L 

 
IWCTDS =  
[(4.0 cfs x 67 mg/L) + (4.06 cfs x 3420 mg/L)] / (4.0 cfs + 4.06 cfs) = 1756 mg/L 
 

 
Table 5.1.  Instream Waste Concentration (IWC) Calculation for Loutre Creek. 

Parameters Chloride Sulfate TDS 
Ce, mg/L (projected 95th %tile + 20%) 503 1967 3420 
Cb, mg/L        5.0      13.0        67.0 
Qe, cfs          4.06         4.06           4.06 
Qb, cfs        4.0       4.0          4.0 
Projected IWC (mg/L) 256 997 1756 

 
 Appendix C. provides a schematic of the 95th percentiles, flows, and IWC computations for 
the individual dissolved minerals and TDS.  
 

5.2.3  Computations for Bayou de Loutre (from Loutre Creek to 
the discharge of the City of El Dorado South facility) 

 
The IWC computations for chloride, sulfate, and TDS for this reach of Bayou de Loutre (from 

the mouth of Loutre Creek to the discharge of the City of El Dorado South facility) were preformed 
utilizing the previously calculated IWCs and flows from Loutre Creek (Section 5.2.2 above) for each 
respective mineral.  

The following inputs were used to determine the IWC for each relevant mineral in this reach 
of Bayou de Loutre.  The “effluent concentration” was derived from a mass balance calculation 
utilizing the flow weighted mixed concentrations from Chemtura 002, Chemtura 004, and Lion 001.  
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While the “effluent flow” was the total of each outfall’s (Chemtura 002, Chemtura 004, and Lion 001) 
reported highest monthly average flows.  The resulting “effluent flow” was 4.94 cfs. The 
background watershed flow used for this reach came from background flow from Loutre Creek 
(4 cfs) and Bayou de Loutre (4 cfs) for a total of 8.0 cfs.  The projected IWC were 264 mg/L, 635 
mg/L, and 1236 mg/L for chloride, sulfate, and TDS, respectively.  The IWC schematics detailing the 
model inputs and IWC projections are provided in Appendix C.  The calculated IWC for chloride, 
sulfate, and TDS indicated higher concentrations than the current stream based water quality criteria 
for Bayou de Loutre.  Utilizing all the aforementioned data, the IWC is calculated below are 
summarized in Table 5.2. 

 
IWCchloride =  
[(8.0 cfs x 5.0 mg/L) + (4.94 cfs x 684 mg/L)] / (8.0 cfs + 4.94 cfs) = 264 mg/L 

 
IWCsulfate =  
[(8.0 cfs x 13.0 mg/L) + (4.94 cfs x 1643 mg/L)] / (8.0 cfs + 4.94 cfs) = 635 mg/L 
 
IWCTDS =  
[(8.0 cfs x 67 mg/L) + (4.94 cfs x 3128 mg/L)] / (8.0 cfs + 4.94 cfs) = 1236 mg/L 
 

 
Table 5.2.  Instream Waste Concentration (IWC) Calculation 

Parameters Chloride Sulfate TDS 
Ce, mg/L 684 1643 3128 
Cb, mg/L 5.0 13 67 
Qe, cfs 4.94 4.94 4.94 
Qb, cfs 8.0 8.0 8.0 
Projected IWC (mg/L) 264 635 1236 

 
5.2.4  Computations for Bayou de Loutre (from the discharge of 
 the City of El Dorado South facility to the mouth of Gum 
 Creek) 
 
IWC computations for chloride, sulfate, and TDS in Bayou de Loutre (from the discharge of 

the City of El Dorado South facility to the mouth of Gum Creek) were determined utilizing the 
previously calculated IWCs and flows from Bayou de Loutre (Section 5.2.3 above) for each 
respective mineral.  The calculated IWC for sulfate and TDS indicated higher concentrations than the 
current stream based water quality criteria for Bayou de Loutre.  The calculated IWC for chloride 
projects lower than the current stream based water quality criteria and shows no toxic reasonable 
potential at this time.  Therefore, change in the water quality criteria for chloride in Bayou de Loutre 
(from the discharge of the City of El Dorado South facility to the mouth of Gum Creek) is not 
being requested at this time.   

The following inputs were used to determine the IWC for each relevant mineral in this reach 
of Bayou de Loutre.  The “effluent concentration” was derived from a mass balance calculation 
utilizing the flow weighted mixed concentrations from GLCC-Central 002, GLCC-Central 004, Lion 
001, and City of El Dorado South facility 001. While the “effluent flow” was the total of each outfall’s 
(GLCC-Central 002, GLCC-Central 004, Lion 001, and City of El Dorado South 001) reported 
highest monthly average flows.  The resulting “effluent flow” was 12.37 cfs.  The background 
watershed flow used for this reach came from background flow from Loutre Creek (4 cfs) and 
Bayou de Loutre (4 cfs) for a total of 8.0 cfs.  The projected IWC were 220 mg/L, 431 mg/L, and 
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966 mg/L for chloride (no change needed), sulfate, and TDS, respectively.  The IWC schematics 
detailing the model inputs and IWC projections are provided in Appendix C.  Utilizing all the 
aforementioned data, the IWC is calculated below are summarized in Table 5.3. 

 
IWCsulfate =  
[(8.0 cfs x 13.0 mg/L) + (12.37 cfs x 702 mg/L)] / (8.0 cfs + 12.37 cfs) = 431 mg/L 
 
IWCTDS =  
[(8.0 cfs x 67 mg/L) + (12.37 cfs x 1548 mg/L)] / (8.0 cfs + 12.37 cfs) = 966 mg/L 

 
Table 5.3.  Instream Waste Concentration (IWC) Calculation for Bayou de Loutre. 

Parameters Sulfate TDS 
Ce, mg/L 702 1548 
Cb, mg/L 13 67 
Qe, cfs 12.37 12.37 
Qb, cfs 8.0 8.0 
Projected IWC (mg/L) 431 966 

 
 

5.2.5  Computations for Bayou de Loutre (from Gum Creek to the 
mouth of Boggy Creek) 

 
IWC computations for chloride, sulfate, and TDS in Bayou de Loutre (from Gum Creek to the 

mouth of Boggy Creek) were determined utilizing the previously calculated IWCs and flows from 
section 5.2.4 above with the addition of two more facility sources (via Gum Creek ) that are included 
in this section for each respective mineral.  The calculated IWC for sulfate and TDS indicated higher 
concentrations than the current stream based water quality criteria for Bayou de Loutre.  The 
calculated IWC for chloride projects lower than the current stream based water quality criteria and 
shows no toxic reasonable potential at this time.  Therefore, change in the water quality criteria for 
chloride in this reach of Bayou de Loutre (from Gum Creek to the mouth of Boggy Creek) is not being 
requested at this time.   

The following calculations were used to determine the IWC for each relevant mineral in this 
reach of Bayou de Loutre.  The resulting “effluent concentration” following the addition of GLCC 
South – 001 and Georgia Pacific – 004 (chloride - 335 mg/L, sulfate – 636 mg/L, & TDS – 1406 
mg/L) was derived from a mass balance calculation utilizing the flow weighted mixed concentrations 
from Lion Oil 001, GLCC – South 001, GLCC – Central 002, GLCC – Central 004, City of El Dorado 
South facility 001, and Georgia Pacific El Dorado Mill – 004.  The resulting “effluent flow” 
(combined total of all contributing sources) was 13.68 cfs.  Table 5.4 provides a complete list of 
point source discharges and applicable flow and minerals data utilized for computations.  Any facility 
minerals data not available through DMR reporting was replaced in the calculations with ecoregion 
background number for that respective mineral.  The background watershed flow used for this 
reach came from the watersheds of Loutre Creek (4 cfs), Bayou de Loutre (4 cfs), and Gum 
Creek (4 cfs) for a total of 12.0 cfs.  The projected IWC were 181 mg/L, 345 mg/L, and 780 mg/L 
for chloride (no change needed), sulfate, and TDS, respectively.  Utilizing all the aforementioned 
data, the IWC is calculated below are summarized in Table 5.5. 

 
 
 

 
 Table 5.4.  Summary of sources contributors to Bayou de Loutre watershed. 
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Facility Name  Outfall # Flow (cfs) Cl- (mg/L)  
SO4

-2 
(mg/L) 

TDS 
(mg/L) 

Cooper Tire 002 N/A N/A N/A N/A 
Lion Oil 001 4.06 504 1967 3420 
GLCC - South 001 0.75 181 13 67 
GLCC - Central 002 0.24 1029 380 1376 
GLCC - Central 004 0.64 1702 63.7 1932 
City - South 001 7.43 142 76 497 
GP -El Dorado 004 0.56 5 13 67 

 
 
IWCsulfate =  
[(12.0 cfs x 13.0 mg/L) + (13.68 cfs x 636 mg/L)] / (12.0 cfs + 13.68 cfs) = 345 mg/L 
 
IWCTDS =  
[(12.0 cfs x 67 mg/L) + (13.68 cfs x 1406 mg/L)] / (12.0 cfs + 13.68 cfs) = 780 mg/L 
 

 
Table 5.5.  Instream Waste Concentration (IWC) Calculations. 

Parameters Sulfate TDS 
Ce, mg/L 636 1406 
Cb, mg/L 13 67 
Qe, cfs 13.68 13.68 
Qb, cfs  12.0 12.0 
Projected IWC (mg/L) 345 780 

 
 

5.2.6  Computations for Bayou de Loutre (from Boggy Creek to 
the mouth of Hibank Creek) 

 
IWC computations for chloride, sulfate, and TDS in Bayou de Loutre (from Boggy Creek to 

the mouth of Hibank Creek) were determined utilizing the previously calculated IWCs and flows 
from section 5.2.5 above with the addition of one more facility source (via Boggy Creek ) that is 
included in this section for each respective mineral.  The calculated IWC for sulfate indicated a higher 
concentration than the current stream based water quality criteria for Bayou de Loutre.  The 
calculated IWC for chloride and TDS projects lower than current stream based water quality criteria 
and shows no toxic reasonable potential at this time.  Therefore, change in the water quality criteria 
for chloride and TDS in this reach of Bayou de Loutre (from Boggy Creek to the mouth of Hibank 
Creek) is not being requested at this time.   

The following calculations were used to determine the IWC for the relevant mineral in this 
reach of Bayou de Loutre.  The resulting “effluent concentration” following the addition of Teris - 009 
004 (chloride - 332 mg/L, sulfate – 619 mg/L, & TDS – 1381 mg/L) was derived from a mass balance 
calculation utilizing the flow weighted mixed concentrations from Lion Oil 001, GLCC – South 001, 
GLCC – Central 002, GLCC – Central 004, City of El Dorado South facility 001, Georgia Pacific El 
Dorado Mill – 004, and Teris -009.  The resulting “effluent flow” (combined total of all contributing 
sources) was 14.07 cfs.  Table 5.6 provides the final list of point source discharges and applicable 
flow and minerals data utilized for computations.  Any facility minerals data not available through 
DMR reporting was replaced in the calculations with ecoregion background number for that 
respective mineral.  The background watershed flow used for this reach came from the 
watersheds of Loutre Creek (4 cfs), Bayou de Loutre (4 cfs), Gum Creek (4 cfs), and Boggy 
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Creek (4 cfs) for a total of 16.0 cfs.  The projected IWC were 158 mg/L, 296 mg/L, and 682 mg/L 
for chloride (no change needed), sulfate, and TDS (no change needed), respectively.  The IWC 
schematics detailing the model inputs and IWC projections are provided in Appendix C.  Utilizing all 
the aforementioned data, the IWC is calculated below are summarized in Table 5.7. 

 
 
 Table 5.6.  Summary of final sources contributors to Bayou de Loutre watershed. 

Facility Name  Outfall # Flow (cfs) Cl- (mg/L)  
SO4

-2 
(mg/L) 

TDS 
(mg/L) 

Cooper Tire 002 N/A N/A N/A N/A 
Lion Oil 001 4.06 504 1967 3420 
GLCC - South 001 0.75 181 13 67 
GLCC - Central 002 0.24 1029 380 1376 
GLCC - Central 004 0.64 1702 63.7 1932 
City - South 001 7.43  142 76 497 
GP –El Dorado 004 0.56 5 13 67 
Teris 009 0.39 228 13 526 

 
IWCsulfate =  
[(16.0 cfs x 13.0 mg/L) + (14.07 cfs x 619 mg/L)] / (16.0 cfs + 14.07 cfs) = 296 mg/L 
 
Table 5.7.  Instream Waste Concentration (IWC) Calculations. 

Parameters Sulfate 
Ce, mg/L 619 
Cb, mg/L 13 
Qe, cfs 14.07 
Qb, cfs  16.0 
Projected IWC (mg/L) 296 
 

 
5.2.7  Computations for Bayou de Loutre (from Hibank Creek to 

the mouth of Mill Creek) 
 
IWC computations for chloride, sulfate, and TDS in Bayou de Loutre (from Hibank Creek to 

the mouth of Mill Creek) were determined utilizing the previously calculated IWCs and flows from 
section 5.2.6 above for each respective mineral.  The calculated IWC for sulfate indicated a higher 
concentration than the current stream based water quality criteria for Bayou de Loutre.  The 
calculated IWC for chloride and TDS projects lower than current stream based water quality criteria 
and shows no toxic reasonable potential at this time.  Therefore, change in the water quality criteria 
for chloride and TDS in this reach of Bayou de Loutre (from Hibank Creek to the mouth of Mill Creek) 
is not being requested at this time.   

The following calculations were used to determine the IWC for the relevant mineral in this 
reach of Bayou de Loutre.  The resulting “effluent concentration”, for each respective mineral, 
(chloride - 332 mg/L, sulfate – 619 mg/L, & TDS – 1381 mg/L), was derived from a mass balance 
calculation utilizing the flow weighted mixed concentrations from Lion Oil 001, GLCC – South 001, 
GLCC – Central 002, GLCC – Central 004, City of El Dorado South facility 001, Georgia Pacific El 
Dorado Mill – 004, and Teris -009.  The resulting “effluent flow” (combined total of all contributing 
sources) was 14.07 cfs.  The background watershed flow used for this reach came from the 
watersheds of Loutre Creek (4 cfs), Bayou de Loutre (4 cfs), Gum Creek (4 cfs), Boggy Creek (4 
cfs), and Hibank Creek (4 cfs) for a total of 20.0 cfs.  The projected IWC were 140 mg/L, 263 
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mg/L, and 610 mg/L for chloride (no change needed), sulfate, and TDS (no change needed), 
respectively.  Utilizing all the aforementioned data, the IWC is calculated below are summarized in 
Table 5.8. 
 

IWCsulfate =  
[(20.0 cfs x 13.0 mg/L) + (14.07 cfs x 619 mg/L)] / (20.0 cfs + 14.07 cfs) = 263 mg/L 
 

 
Table 5.8.  Instream Waste Concentration (IWC) Calculations. 

Parameters Sulfate 
Ce, mg/L 619 
Cb, mg/L 13 
Qe, cfs 14.07 
Qb, cfs  20.0 
Projected IWC (mg/L) 263 
 

 
5.2.8  Computations for Bayou de Loutre (from Mill Creek to the 

mouth of Buckaloo Branch) 
 
IWC computations for chloride, sulfate, and TDS in Bayou de Loutre (from Mill Creek to the 

mouth of Buckaloo Branch) were determined utilizing the previously calculated IWCs and flows 
from section 5.2.7 above for each respective mineral.  The calculated IWC for sulfate indicated a 
higher concentration than the current stream based water quality criteria for Bayou de Loutre.  The 
calculated IWC for chloride and TDS projects lower than current stream based water quality criteria 
and shows no toxic reasonable potential at this time.  Therefore, change in the water quality criteria 
for chloride and TDS in this reach of Bayou de Loutre (from Mill Creek to the mouth of Buckaloo 
Branch) is not being requested at this time.   

The following calculations were used to determine the IWC for the relevant mineral in this 
reach of Bayou de Loutre.  The resulting “effluent concentration”, for each respective mineral, 
(chloride - 332 mg/L, sulfate – 619 mg/L, & TDS – 1381 mg/L), was derived from a mass balance 
calculation utilizing the flow weighted mixed concentrations from Lion Oil 001, GLCC – South 001, 
GLCC – Central 002, GLCC – Central 004, City of El Dorado South facility 001, Georgia Pacific El 
Dorado Mill – 004, and Teris -009.  The resulting “effluent flow” (combined total of all contributing 
sources) was 14.07 cfs.  The background watershed flow used for this reach came from the 
watersheds of Loutre Creek (4 cfs), Bayou de Loutre (4 cfs), Gum Creek (4 cfs), Boggy Creek (4 
cfs), Hibank Creek (4 cfs), and Mill Creek (4 cfs) for a total of 24.0 cfs.  The projected IWC were 
126 mg/L, 237 mg/L, and 553 mg/L for chloride (no change needed), sulfate, and TDS (no change 
needed), respectively.  Utilizing all the aforementioned data, the IWC is calculated below are 
summarized in Table 5.9. 

 
 

IWCsulfate =  
[(24.0 cfs x 13.0 mg/L) + (14.07 cfs x 619 mg/L)] / (24.0 cfs + 14.07 cfs) = 237 mg/L 
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Table 5.9.  Instream Waste Concentration (IWC) Calculations 
Parameters Sulfate 

Ce, mg/L 619 
Cb, mg/L 13 
Qe, cfs 14.07 
Qb, cfs  24.0 
Projected IWC (mg/L) 237 
 
 
5.2.9  Computations for Bayou de Loutre (from Buckaloo Branch 

to the mouth of Bear Creek) 
 
IWC computations for chloride, sulfate, and TDS in Bayou de Loutre (from Buckaloo Branch 

to the mouth of Bear Creek) were determined utilizing the previously calculated IWCs and flows 
from section 5.2.8 above for each respective mineral.  The calculated IWC for sulfate indicated a 
higher concentration than the current stream based water quality criteria for Bayou de Loutre.  The 
calculated IWC for chloride and TDS projects lower than current stream based water quality criteria 
and shows no toxic reasonable potential at this time.  Therefore, change in the water quality criteria 
for chloride and TDS in this reach of Bayou de Loutre (from Buckaloo Branch to the mouth of Bear 
Creek) is not being requested at this time.   

The following calculations were used to determine the IWC for the relevant mineral in this 
reach of Bayou de Loutre.  The resulting “effluent concentration”, for each respective mineral, 
(chloride - 332 mg/L, sulfate – 619 mg/L, & TDS – 1381 mg/L), was derived from a mass balance 
calculation utilizing the flow weighted mixed concentrations from Lion Oil 001, GLCC – South 001, 
GLCC – Central 002, GLCC – Central 004, City of El Dorado South facility 001, Georgia Pacific El 
Dorado Mill – 004, and Teris -009.  The resulting “effluent flow” (combined total of all contributing 
sources) was 14.07 cfs.  The background watershed flow used for this reach came from the 
watersheds of Loutre Creek (4 cfs), Bayou de Loutre (4 cfs), Gum Creek (4 cfs), Boggy Creek (4 
cfs), Hibank Creek (4 cfs), Mill Creek (4 cfs), and Buckaloo Branch (4 cfs) for a total of 28.0 cfs.  
The projected IWC were 114 mg/L, 216 mg/L, and 507 mg/L for chloride (no change needed), 
sulfate, and TDS (no change needed), respectively.  Utilizing all the aforementioned data, the IWC is 
calculated below are summarized in Table 5.10. 

 
 

IWCsulfate =  
[(28.0 cfs x 13.0 mg/L) + (14.07 cfs x 619 mg/L)] / (28.0 cfs + 14.07 cfs) = 216 mg/L 
 

 
Table 5.10.  Instream Waste Concentration (IWC) Calculations 

Parameters Sulfate 
Ce, mg/L 619 
Cb, mg/L 13 
Qe, cfs 14.07 
Qb, cfs  28.0 
Projected IWC (mg/L) 216 
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5.2.10  Computations for Bayou de Loutre (from Bear Creek to 
the top of the final segment of Bayou de Loutre) 

 
IWC computations for chloride, sulfate, and TDS in Bayou de Loutre (from Bear Creek to 

the top of the final segment of Bayou de Loutre) were determined utilizing the previously 
calculated IWCs and flows from section 5.2.9 above for each respective mineral.  The calculated 
IWC for sulfate indicated a higher concentration than the current stream based water quality criteria 
for Bayou de Loutre.  The calculated IWC for chloride and TDS projects lower than current stream 
based water quality criteria and shows no toxic reasonable potential at this time.  Therefore, change 
in the water quality criteria for chloride and TDS in this reach of Bayou de Loutre (from Bear Creek 
to the top of the final segment of Bayou de Loutre) is not being requested at this time.   

The following calculations were used to determine the IWC for the relevant mineral in this 
reach of Bayou de Loutre.  The resulting “effluent concentration”, for each respective mineral, 
(chloride - 332 mg/L, sulfate – 619 mg/L, & TDS – 1381 mg/L), was derived from a mass balance 
calculation utilizing the flow weighted mixed concentrations from Lion Oil 001, GLCC – South 001, 
GLCC – Central 002, GLCC – Central 004, City of El Dorado South facility 001, Georgia Pacific El 
Dorado Mill – 004, and Teris -009.  The resulting “effluent flow” (combined total of all contributing 
sources) was 14.07 cfs.  The background watershed flow used for this reach came from the 
watersheds of Loutre Creek (4 cfs), Bayou de Loutre (4 cfs), Gum Creek (4 cfs), Boggy Creek (4 
cfs), Hibank Creek (4 cfs), Mill Creek (4 cfs), Buckaloo Branch (4 cfs), and Bear Creek (4 cfs) 
for a total of 32.0 cfs.  The projected IWC were 105 mg/L, 198 mg/L, and 468 mg/L for chloride (no 
change needed), sulfate, and TDS (no change needed), respectively.  Utilizing all the 
aforementioned data, the IWC is calculated below are summarized in Table 5.11. 

 
 

IWCsulfate =  
[(32.0 cfs x 13.0 mg/L) + (14.07 cfs x 619 mg/L)] / (32.0 cfs + 14.07 cfs) = 198 mg/L 
 

 
Table 5.11.  Instream Waste Concentration (IWC) Calculations 

Parameters Sulfate 
Ce, mg/L 619 
Cb, mg/L 13 
Qe, cfs 14.07 
Qb, cfs  32.0 
Projected IWC (mg/L) 198 

 
5.2.11  Computations for the final segment of Bayou de Loutre to 

the Arkansas/Louisiana Stateline 
 
IWC computations for chloride, sulfate, and TDS in the last segment Bayou de Loutre prior to 

the Arkansas / Louisiana state line were determined utilizing the previously calculated IWCs and 
flows from section 5.2.10 above for each respective mineral.  The calculated IWC for sulfate 
indicated a higher concentration than the current stream based water quality criteria for Bayou de 
Loutre.  The calculated IWC for chloride and TDS projects lower than current stream based water 
quality criteria and shows no toxic reasonable potential at this time.  Therefore, change in the water 
quality criteria for chloride and TDS in this final reach of Bayou de Loutre is not being requested at 
this time.   
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The following calculations were used to determine the IWC for the relevant mineral in this 
reach of Bayou de Loutre.  The resulting “effluent concentration”, for each respective mineral, 
(chloride - 332 mg/L, sulfate – 619 mg/L, & TDS – 1381 mg/L), was derived from a mass balance 
calculation utilizing the flow weighted mixed concentrations from Lion Oil 001, GLCC – South 001, 
GLCC – Central 002, GLCC – Central 004, City of El Dorado South facility 001, Georgia Pacific El 
Dorado Mill – 004, and Teris -009.  The resulting “effluent flow” (combined total of all contributing 
sources) was 14.07 cfs.  The background watershed flow used for this reach came from the 
watersheds of Loutre Creek (4 cfs), Bayou de Loutre (4 cfs), Gum Creek (4 cfs), Boggy Creek (4 
cfs), Hibank Creek (4 cfs), Mill Creek (4 cfs), Buckaloo Branch (4 cfs), Bear Creek (4 cfs), 
Bayou de Loutre lower “main stem” (4 cfs), and all the unnamed tributaries along Bayou de 
Loutre (4 cfs) for a total of 40.0 cfs.  The projected IWC were 90 mg/L, 171 mg/L, and 409 mg/L for 
chloride (no change needed), sulfate, and TDS (no change needed), respectively.  Utilizing all the 
aforementioned data, the IWC is calculated below are summarized in Table 5.12. 
 

IWCsulfate =  
[(40.0 cfs x 13.0 mg/L) + (14.07 cfs x 619 mg/L)] / (40.0 cfs + 14.07 cfs) = 171 mg/L 
 

 
Table 5.12.  Instream Waste Concentration (IWC) Calculations 

Parameters Sulfate 
Ce, mg/L 619 
Cb, mg/L 13 
Qe, cfs 14.07 
Qb, cfs  40.0 
Projected IWC (mg/L) 171 

 
 

5.2.12  Computations for increased capacity. 
 
 In response to the increasing need for domestic fuel supplies and limited refinery capacity, 
Lion Oil anticipates an upgrade in the refinery capacity from 70,000 bpd to 85,000 bpd. This 20% 
production increase would also result in the proportional increase the TDS. The sources of the TDS 
increases would be from two primary sources, one;  the air emission control equipment capturing 
and conversing  of the SO2 emissions into NA2SO4 and two;  sodium chloride from the Crude Unit 
Desalter, which is the major source of chlorides.  As part of the upgrade, it is anticipated that the Cat 
Cracker capacity will be expanded from the current capacity of 20,000 bpd to 25,000 bpd, and 
therefore it is likely that the Sulfate/TDS from the scrubber will go up proportionately.  In order to 
account for these increases, the instream criteria are being proposed as the 95 percentile of the 
historical data set plus twenty percent.  
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Table 5.13.  Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006.  
Loutre Creek – from Hwy 15 
South to the confluence of 

Bayou de Loutre 
 

Bayou de Loutre – from Loutre 
Creek to the discharge for the 
City of El Dorado South facility 

Bayou de Loutre – from the 
discharge from the City of El 

Dorado-South  downstream  to 
the mouth of Gum Creek 

Remove Designated Domestic 
Water Supply Use 

Remove Designated Domestic 
Water Supply Use 

Remove Designated Domestic 
Water Supply Use 

Instream Criteria: Instream Criteria: Instream Criteria: 
Amend ecoregion dissolved minerals criteria: 
Chloride from 14 mg/L to 256 mg/L; 
Sulfate from 31 mg/L to 997 mg/L. & 
TDS from 123 mg/L to 1756 mg/L 

Amend stream dissolved minerals criteria: 
Chloride from 250 mg/L to 264, 
Sulfate from 90 mg/L to 635 mg/L & 
TDS from 500 mg/L to 1236 mg/L 

Amend stream dissolved minerals criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 431 mg/L & 
TDS from 500 mg/L to 966 mg/L 

 
Table 5.13. (con’t ) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006. 
Bayou de Loutre – from the mouth 
of Gum Creek downstream to the 

mouth of Boggy Creek 

Bayou de Loutre – from the 
mouth of Boggy Creek 

downstream to the mouth of 
Hibank Creek 

Bayou de Loutre – from the 
mouth of Hibank Creek 

downstream to the mouth of Mill 
Creek 

No change in uses No change in uses  No change in uses  

Instream Criteria: Instream Criteria: Instream Criteria: 
Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 345 mg/L 
and TDS from 750 mg/L to 780 mg/L 

Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 296 mg/L& 
TDS: NO CHANGE 

Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 263 mg/L & 
TDS: NO CHANGE  

 
Table 5.13. (con’t ) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006  

Bayou de Loutre – from the mouth of Mill Creek 
downstream to the mouth of Buckaloo Branch 

Bayou de Loutre – from the mouth of Buckaloo 
Branch downstream to the mouth of Bear Creek 

No change in uses No change in uses 
Instream Criteria: Instream Criteria: 

Amend stream dissolved minerals criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 237 mg/L & 
TDS : NO CHANGE 

Amend stream dissolved minerals criteria: 
Chloride : NO Change 
Sulfate from 90 mg/L to 216 mg/L & 
TDS: NO CHAMGE 

 
Table 5.13. (con’t ) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006  
Bayou de Loutre - from the mouth of Bear Creek to 

the final segment of Bayou de Loutre. 
Bayou de Loutre (Final Segment) to the 

Arkansas/Louisiana State Line 
No change in uses No change in uses 

Instream Criteria: Instream Criteria: 
Amend stream dissolved minerals criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 198 mg/L & 
TDS: NO CHANGE 

Amend stream dissolved minerals criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 171 mg/L 
TDS: NO CHANGE. 
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5.2.13  Comparison with the dissolved mineral standard for Louisiana 

 
 The proposed third party rule making was considered in light of the state of Louisiana’s water 
quality standards (LWQS).  The current Arkansas criteria for sulfate and TDS in Bayou de Loutre are 
90 mg/L and 750 mg/L, respectively. The current Louisiana criteria are 45 mg/L and 500 mg/L 
respectively. Therefore, the existing Arkansas criteria already exceed the existing LA criteria. This 
proposed third party rule making modifies only the existing sulfate criteria and does not propose 
modifications to the existing Arkansas criteria for Chlorides of TDS in Bayou de Loutre downstream 
of the Mouth of Gum Creek (Figure 5.2).  As specified in the LWQS, the sulfate criteria for Bayou de 
Loutre is 45 mg/L, which is ½ the existing Arkansas criteria.  In Louisiana, this criterion applies at the 
long term average flow condition. This flow condition is different from the flow condition at which the 
mineral criteria are applied as specified by Arkansas’ WQS.  
  In order to determine the potential effect of the proposed rule making on the Louisiana 
sulfate standard, the long term flow condition for Bayou de Loutre was determined, then applied to 
the projected facility loadings with consideration of background concentrations.    

After review of available flow data, there was no long term period of record flows for Bayou 
de Loutre within Arkansas.  Little Cornie Bayou (LCB) is the watershed adjacent to Bayou de Loutre, 
to the west. The LCB watershed has similar topography, is in the same ecoregion and presented a 
relatively undisturbed watershed with very limited point source discharges.  The USGS maintains a 
flow gauging station on LCB (USGS Station 07366200) near Lillie, LA. At this location, the watershed 
is similar in size to Bayou de Loutre watershed at the state line. The data from the USGS Lillie gauge 
was used to compute a long-term average flow for Bayou de Loutre.  Little Cornie Bayou (USGS 
Station 07366200) near Lillie, LA has flow data for more than the last 50 years. Due to improvements 
in flow monitoring and recording, the flow to watershed size ratio was complied for LCB using flow 
data from the last 21 years.  This flow to watershed size ratio was then applied to the watershed size 
for Bayou de Loutre at the state line to estimate the compliance with the current LA sulfate standard 
of 45mg/l based on a long term average flow condition. 

This method utilized an average flow calculated from the last 21 years (7/1/1985 – 
6/30/2006)  of the daily flow data at USGS gauging station on Little Cornie Bayou near Lillie, LA 
(Station No. 07366200). (Appendix F)  The average flow (250.2 cfs) was then used, along with the 
station’s watershed size (208.0 mi2), to calculate a flow to watershed size ratio. The ratio (1.20 cfs / 
mi2) was then applied to Bayou de Loutre at the state line (watershed size of 125.4 mi2).    Using the 
1.20 cfs / mi2 ratio this equates to an average background flow at the state line on Bayou de Loutre of 
approximately 152 cfs.  Utilizing the minerals and flow data from the source contributors, and the 
allowable ecoregion background concentration number for sulfate – 13 mg/L, an IWC was projected 
for sulfate.  The projected IWCs for Bayou de Loutre from at the Arkansas / Louisiana state line 
equals 45 mg/L and is projected to maintain the state standard at the prorated long term average 
flow.  The basis for the projected IWCs calculations are provided in Appendix F. 

During the preparation of this documentation, water quality staff of Louisiana Department of 
Environmental Quality (LDEQ) was briefed on the upcoming proposed rule making. Information was 
exchanged and additional information was provided by Lion Oil to LDEQ at their request.  During this 
consultation, LDEQ staff provided documentation that supported Bayou de Loutre’s compliance with 
the Louisiana’s existing dissolved mineral standard.  This compliance record includes recent 
monitoring data collected after Lion Oil installed the air emission control equipment in March 2004 
(e.g. includes discharges from Lion Oil characteristic of the sulfate and TDS concentrations resulting 
from the air emissions control equipment installed by Lion Oil).  Based on the information presented, 
LDEQ staff indicated that there was no reason to expect the proposed rule making would have a 
negative impact on the continued compliance with the dissolved mineral standard. 
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Figure 5.2  Existing and Proposed dissolved mineral criteria for stream segments in Bayou de Loutre watershed.
Lion Oil Section 2.306 documentation.  September 2006.
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In summary, the existing chloride and TDS criteria for the lower reach of Bayou de Loutre are 

not being modified as part of this rule making.  The rule making proposes to increase the existing 
sulfate criteria from 90 mg/L to 171 mg/L.  Although this exceeds the existing LA stream standard, 
the differences in the applicable flows at which the criteria are applied indicated this modification will 
not result in compliance issues in Bayou de Loutre for the State of LA. 
 

6.0  ALTERNATIVE ANALYSES 
 

This section summarizes the analyses of alternatives for the Lion Oil facility to maintain 
the WQS for Loutre Creek and Bayou de Loutre.  As seen in Section 5.0, the discharges from 
Lion Oil maintains protective criteria related to the existing uses; however, it does not maintain 
the protective criteria for chloride, sulfate, and TDS related to the designated (but not existing) 
Domestic Water Supply uses assigned to Loutre Creek and Bayou de Loutre (upstream of Gum 
Creek).  In addition, the current concentration of dissolved minerals is projected to cause 
instream exceedences under critical flow conditions. 
 Six alternatives were identified to address designated uses and the protective criteria for 
chloride and TDS.  They are as follows: 
 

1)  no action, 
2)  no discharge, 
3)  hydrograph controlled release, 
4)  treatment 
5)  source reduction/Pollution Prevention 
6)  Water Quality Standards modification. 

 
6.1  No Action 
 

This alternative would maintain the current discharge situation.  However, the chloride, 
sulfate, and TDS effluent concentrations would be exceeded at such time a permit limit is 
established to maintain the designated but non-existing, domestic water supply use.  In addition, 
it is projected that instream exceedences of the ecoregion chloride, sulfate and TDS criteria will 
occur under critical conditions if there no additional alternative is pursued. The potential for non-
compliance with the proposed final permit limits is not an acceptable alternative for Lion Oil or 
ADEQ.  
 
6.2  No Discharge 
 

The no discharge alternative is not economically feasible.  Although the Lion Oil facility 
operates a process wastewater outfall (Outfall 001), the cost and added volume of including all 
storm water runoff collected throughout the facility would ultimately make it economically 
infeasible to continue operations. 
 Lion Oil employs approximately 500 employees with an annual payroll estimated at 
approximately $30 million dollars.  Lion Oil is a significant employer in Union County.  The 
Company’s annual impact on the local economy exceeds $200 million dollars.  In addition, Lion 
Oil pays approximately $2.25 million in local and state taxes.   
 In addition, in order to meet the increasing need for gas and low sulfur diesel fuels, Lion 
Oil anticipates an upgrade to the refinery capacity from 70,000 bpd to 85,000 bpd. This increase 
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in production capacity will result in additional jobs and taxes to the local and state economy. In 
addition, due to limited production capacity elsewhere in the United States, any increase in 
capacity is beneficial to the product supply.  
 The no discharge alternative would require the cessation of operations at Lion Oil, an 
action which would greatly affect the local economy and place increased burden on the US fuel 
supply. This alternative is considered infeasible due to the socioeconomic effects to the local 
area and the effect on the domestic fuel supply should the Lion Oil facility close. 
 
6.3  Hydrograph Controlled Release (HCR) 
 
 The feasibility of a HCR was examined as an alternative for minimizing the impact of 
Lion Oil’s discharges with elevated mineral concentrations.  In Lion Oil’s situation, an HCR 
system would not achieve compliance with the ecoregion dissolved minerals water quality 
criterion because the hydrology of the Loutre Creek is impacted by limited watershed size (<3 
mi2) at the downstream most storm water outfall location.  The small watershed size and the 
urban development in the watershed, has made storm water flows through the Loutre Creek 
watershed highly variable with flash increases in response to storm events.  In addition the Lion 
Oil facility comprises a large percent of the Loutre Creek watershed, further reducing the 
applicability for an HCR system to manage the dissolved minerals discharge for the facility.  The 
timing of storm runoff, the development within the watershed upstream of the facility storm water 
discharges, and the proportion of facility storm water to watershed waters limits the application 
of an HCR system.  The HCR discharge operational scenario is not considered to be feasible. 
 A runoff model was developed to determine the upstream flow required to allow the 
discharge through Outfall 001, with the existing dissolved mineral concentrations that will meet 
the existing Loutre Creek criteria. The model applied the highest monthly flow from Outfall 001 ( 
POR January 2004-December 2005), during typical ambient conditions (neither wet or dry 
conditions) and a background concentration as stipulated in the ADEQ CPP for Gulf Coastal 
streams.  The model projected that it would take a 15 inch storm event to generate sufficient 
background flow to allow the discharge from Outfall 001 maintain the existing instream 
standard.  According to the Rainfall Frequency and Magnitude Atlas for the South Central 
United States (SRCC Technical Report 97-1), the 100 year 24 hour storm event is 
approximately 10 inches for this area of Arkansas. This further demonstrates that an HCR 
approach to permit compliance with the dissolved mineral final permit limits is not feasible . The 
calculations are provided in Appendix G-1. 
 
6.4  Treatment 
 
 EPA has no Best Available Technology (BAT) for removal of chloride, sulfate, or TDS 
from waste streams.  While ion exchange (anion) and reverse osmosis treatment technologies 
exist, these methods currently are not cost effective on a large scale and are not typically 
recommended for treatment of waters prior to discharge.  Also, the concentrated reject streams 
generated from such processes present their own unique set of potential environmental risks 
which can be much greater than the storm waters from which the minerals were extracted. In 
addition this advanced treatment places large burdens on the cost effectiveness of the facility 
and goods produced. 
 The technical limitations and uncertain environmental effects of concentrated waste 
streams generated from ion exchange and reverse osmosis treatment make the treatment 
alternative infeasible when other alternatives are considered. 
   Despite these limitations, Lion Oil has investigated the capital and annual operating 
costs to install advanced treatment for reduction of TDS in the effluent.  Specifically, the 
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treatment process includes ultra-filtration, reverse osmosis, and concentration/crystallization of 
the system effluent in addition to ancillary storage and equipment.  Information on the treatment 
system is provided in Appendix G-2. 
 The estimated capital cost ($43,375,000) and annual operating cost ($5,746,000) would 
be overly burdensome and place the facility at a significant competitive disadvantage.  Thus, 
treatment is infeasible in consideration of other alternatives. 
 
6.5  Source Reduction/Pollution Prevention 
 
 The dissolved minerals in the storm water outfalls are primarily contributed from 
collected storm water from the site.  Recent facility improvements to conserve energy 
resources, to produce ultra-low sulfur fuels, to reduce sulfur in air emissions, and water 
conservation efforts have contributed to the increase in dissolved minerals, in both the process 
wastewater and the storm water.  The facility has completed numerous site modifications and 
prevention activities to reduce storm water contamination as discussed in Section 3.5. Although 
there may be some additional incrementally small reductions in other pollutants, the efforts at 
continued cleaner fuels and continued reductions in resource conservation will ultimately result 
in increased dissolved mineral concentration in both treated process wastewaters and untreated 
storm waters.  
 
6.6  WQS Modifications 
  
 Discussions concerning the WQS Modification alternative are contained in the following 
sections. 
 

6.6.1  Designated Uses 
 

 As discussed in Section 3.2, the following designated uses have been assigned to 
Loutre Creek and Bayou de Loutre in the AWQS. 
 
 Loutre Creek 

• Primary Contact Recreation, 
• Secondary Contact Recreation,  
• Seasonal Gulf Coastal Fishery, 
• Domestic Water Supply, 
• Industrial Water Supply, and 
• Agricultural Water Supply. 
 
Bayou de Loutre (upstream of Gum Creek) 
• Primary Contact Recreation, 
• Secondary Contact Recreation,  
• Seasonal Gulf Coastal Fishery, 
• Domestic Water Supply, 
• Industrial Water Supply, and 
• Agricultural Water Supply. 
 
 
Bayou de Loutre (downstream of Gum Creek) 
• Primary Contact Recreation, 
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• Secondary Contact Recreation,  
• Seasonal Gulf Coastal Fishery, 
• Industrial Water Supply, and 
• Agricultural Water Supply. 
 
6.6.2  Existing Uses 
 
The documented existing fishery use in Loutre Creek and Bayou de Loutre is a Seasonal 

Gulf Coastal Fishery. 
The primary contact recreation use was not documented as an existing use. The uses of 

agricultural and industrial water supply were also not documented as existing and may be 
limited due to water volume, but are not precluded due to water quality. 
 

6.6.3  Attainability of the Domestic Water Supply Use  
 
 As previously noted based on the documentation provided by ADH, Loutre Creek and 
Bayou de Loutre (upstream of Gum Creek) is not existing or planned public water supply 
source.  Bayou de Loutre (downstream of Gum Creek) has already had its domestic water 
supply use removed.  In addition, the ASWCC has documented that the removal of the 
designated domestic water supply use from Loutre Creek or Bayou de Loutre (upstream of Gum 
Creek) does not conflict with the Arkansas Water Plan. 

In addition to an evaluation of the existing and planned use of Loutre Creek and Bayou 
de Loutre (upstream of Gum Creek) as a domestic water supply, the USEPA Region 6 has 
requested that information concerning the attainability of the domestic water supply use on the 
basis of the regulatory criteria contained at 40 CFR 131.10(g) be included in use removal 
request documentation.  Review of the project documentation considering the 40 CFR 131.10(g) 
criteria demonstrates that removing the designated, but not existing domestic water supply use 
is appropriate because the use is not attainable based on two of the 40 CFR 131.10(g) criteria.  
The first of these is criterion No. 2, which states: 
 

“Natural, ephemeral, intermittent or low flow conditions or water levels prevent 
the attainment of the use, unless these conditions may be compensated for by 
the discharge of sufficient volume of effluent discharges without violating State 
water conservation requirements to enable uses to be met.” 
 
The Loutre Creek watershed is approximately 5 mi2 in size, the stream is intermittent in 

nature and does not have consistent base flows required to supply the volume of water 
necessary for the development and operation of a domestic water supply.  In addition, because 
of the intermittent nature of the discharge from Lion Oil’s storm water outfalls the increased flow 
supplied sporadically through effluent discharge is not sufficient to compensate for the small 
watershed size of Loutre Creek.  Neither the stream system nor the discharge provides the 
consistent flow volume required for feasible attainment of a domestic water supply use. 

 
The second applicable 40 CFR 131.10 (g) criterion is No. 5, which states:  

 
“Physical conditions related to the natural features of the water body, such as the 
lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated 
to water quality, preclude attainment of aquatic life protection uses” 
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As demonstrated in the documentation, the physical characteristics of Loutre Creek, 
consist primarily of shallow pools and run areas, will not support intake and storage areas 
necessary for the development of a domestic water supply system.  As such, the extensive 
physical modifications required to develop intake and storage areas would result in the removal 
of riparian habitat and modification of Gulf Coastal fisheries habitats.  Such modifications would 
impact the existing aquatic life use.   

Based upon the previous analyses, the following modifications to the WQS are 
recommended: 
 
 

6.7  Selected Alternative  
 
 Based on the historical discharge presented, the historical biomonitoring record, the 
results of the aquatic life field assessment, the mass balance modeling and the assessment of 
alternatives presented above, the selected alternative is to remove the domestic water supply 
use from sections of Loutre Creek and Bayou De Loutre (Figure 6.1) and modify the WQS for 
dissolved minerals as summarized in the following tables. 
 

Table 6.1.  Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006.  
Loutre Creek – from Hwy 15 
South to the confluence of 
Bayou de Loutre 

 

Bayou de Loutre – from Loutre 
Creek to the discharge for the 
City of El Dorado South facility 

Bayou de Loutre – from the 
discharge from the City of El 
Dorado-South  downstream  to 
the mouth of Gum Creek 

Remove Designated Domestic 
Water Supply Use 

Remove Designated Domestic 
Water Supply Use 

Remove Designated Domestic 
Water Supply Use 

Instream Criteria: Instream Criteria: Instream Criteria: 
Amend ecoregion dissolved minerals 
criteria: 
Chloride from 14 mg/L to 256 mg/L; 
Sulfate from 31 mg/L to 997 mg/L. & 
TDS from 123 mg/L to 1756 mg/L 

Amend stream dissolved minerals 
criteria: 
Chloride from 250 mg/L to 264, 
Sulfate from 90 mg/L to 635 mg/L & 
TDS from 500 mg/L to 1236 mg/L 

Amend stream dissolved minerals 
criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 431 mg/L & 
TDS from 500 mg/L to 966 mg/L 

 
Table 6.1 (cont.) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006. 
Bayou de Loutre – from the mouth 
of Gum Creek downstream to the 
mouth of Boggy Creek 

Bayou de Loutre – from the 
mouth of Boggy Creek 
downstream to the mouth of 
Hibank Creek 

Bayou de Loutre – from the 
mouth of Hibank Creek 
downstream to the mouth of Mill 
Creek 

No change in uses No change in uses  No change in uses  

Instream Criteria: Instream Criteria: Instream Criteria: 
Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 345 mg/L 
and TDS from 750 mg/L to 780 mg/L 

Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 296 mg/L& 
TDS: NO CHANGE 

Amend stream dissolved minerals 
criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 263 mg/L & 
TDS: NO CHANGE  
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Table 6.1 (cont.) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006  
Bayou de Loutre – from the mouth of Mill Creek 
downstream to the mouth of Buckaloo Branch 

Bayou de Loutre – from the mouth of Buckaloo 
Branch downstream to the mouth of Bear Creek 

No change in uses No change in uses 
Instream Criteria: Instream Criteria: 

Amend stream dissolved minerals criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 237 mg/L & 
TDS : NO CHANGE 

Amend stream dissolved minerals criteria: 
Chloride : NO Change 
Sulfate from 90 mg/L to 216 mg/L & 
TDS: NO CHAMGE 

 
Table 6.1 (cont.) Summary of Proposed WQS Modifications. Lion Oil 3rd party rulemaking. October 2006  
Bayou de Loutre - from the mouth of Bear Creek to 
the final segment of Bayou de Loutre. 

Bayou de Loutre (Final Segment) to the 
Arkansas/Louisiana State Line 

No change in uses No change in uses 
Instream Criteria:  Instream Criteria:  
Amend stream dissolved minerals criteria: 
Chloride : NO CHANGE 
Sulfate from 90 mg/L to 198 mg/L & 
TDS: NO CHANGE 

Amend stream dissolved minerals criteria: 
Chloride: NO CHANGE 
Sulfate from 90 mg/L to 171 mg/L 
TDS: NO CHANGE. 

 
 
 These proposed modifications are supported by the documentation which meets the 
requirements of WQS Section 2.306 as implemented by the Administrative Guidance 
Document.  



WETLAND AREAWETLAND AREA q UnionUnion

Figure 6.1.  Loutre Creek and Bayou de Loutre downstream to the mouth of Gum Creek.  Stream reaches
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Lion Oil Property Boundary
Bayou de Loutre
Loutre Creek

proposed for use removal.
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Appendix A 
Aquatic Life Field Study 





















































































































































































































Appendix B 
Agency documentation 






















































































































































































































































































































































































































































