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EXECUTIVE SUMMARY 
  

 In the Record of Decision (ROD) dated April 14, 2009 (Appendix A), EPA 

informed Arkansas Department of Environmental Quality (ADEQ) that they were unable 

to approve the site specific criteria revisions for dissolved minerals (sulfate, chloride and 

total dissolved solids) previously approved by Arkansas Pollution Control & Ecology 

(APC&E) Commission in response to the 3rd party rulemaking initiated by Lion Oil 

Corporation (Lion Oil). 

The ROD specifically stated that “EPA disapproves all proposed site specific 

criteria revisions for chloride (Cl), sulfate (SO4) and total dissolved solids (TDS) in all 

submissions on the grounds that current documentation provided by ADEQ does not 
clearly demonstrate adequate protection of aquatic life uses for the receiving streams 

and associated waterbodies [emphasis added].” EPA indicated that additional 

information allowing further evaluation of the potential for instream toxicity and the 

support of aquatic life in the receiving streams could address their concerns.  

The findings of the supplemental information as presented herein clearly 

demonstrate that the dissolved minerals criteria approved by APC&E Commission in the 

Lion Oil 3rd party rulemaking support the aquatic life uses.  This supplemental 

information also confirms the findings of the aquatic life field assessment presented 

during the 3rd party rulemaking.  The criteria approved by APC&E Commission in the 

Lion Oil 3rd party rulemaking are supportive of the aquatic life of the receiving streams 

as demonstrated by: 

 
• the existing literature that provides the effect of dissolved minerals in 

ambient waters is widely variable depending on the chemical composition 

of the dissolved mineral complex, and that concentrations approved in the 

Lion Oil 3rd party rulemaking are protective of the instream aquatic life 

uses of Loutre Creek and Bayou de Loutre;  

• lack of toxicity as documented by the WET testing prior to and during the 

extended monitoring of 2010;   
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• the criteria approved for the stream segments are less than the criteria 

that have been approved for other stream segments in Arkansas and at 

other states in Region 6 EPA and across the nation; 

• the lack of toxicity (even at increased concentrations) as predicted using 

the GRI STR modeling;  

• although there were failures of the WET testing completed using the 

laboratory provided waters at the highest dilutions and at the maximum 

concentrations, these conditions are not likely to be encountered in the 

receiving streams and represent a worst case scenario under low flow 

conditions which are not the conditions at which the dissolved mineral 

standards apply; and 

• the criteria are supportive of the typical aquatic life of the target stream 

reaches as demonstrated in the aquatic life field study submitted as part of 

the 3rd party documentation. 
 

 Based on the supplemental information developed and submitted herein, and the 

previously submitted 3rd party rulemaking documentation, there is a body of science to 

support that the APC&E Commission approved dissolved mineral criteria are supportive 

of the aquatic life of the receiving streams for which they were approved. Also, there is 

no credible evidence that those criteria, applied as intended in the Arkansas water 

quality standards, prevent the attainment of the designated aquatic life uses. 
 

1.0  BACKGROUND 
 

In the Record of Decision (ROD) dated April 14, 2009 (Appendix A), EPA 

informed ADEQ that they were unable to approve the site specific criteria revisions for 

dissolved minerals (SO4, Cl and TDS) previously approved by Arkansas Pollution 

Control & Ecology (APC&E) Commission in response to the 3rd party rulemaking 
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initiated by  Lion Oil Corporation (Lion Oil).  In the justification for the ROD, EPA stated 

that:  

 

 “….EPA has determined that supporting documentation remains 

insufficient to demonstrate that the site-specific minerals criteria for 

the waterbodies…..are appropriately protective of aquatic life.”  

 

EPA indicated that lingering concerns regarding the potential for instream aquatic 

toxicity from the adopted criteria was the basis for its decision as stipulated in the ROD. 

The ROD specifically stated that “EPA disapproves all proposed site specific criteria 

revisions for chloride, sulfate and TDS in all submissions on the grounds that current 

documentation provided by ADEQ does not clearly demonstrate adequate protection 

of aquatic life uses for the receiving streams and associated waterbodies [emphasis 

added].” The ROD does offer that APC&E Commission could pursue the site specific 

revisions for minerals in these waterbodies by providing adequate scientific 

documentation to show that the Gulf Coastal seasonal and perennial fishery aquatic life 

uses will be protected. 

Subsequent to receiving the ROD; EPA, ADEQ, and representatives for the 3rd 

party petitioners participated in a conference call on April 29, 2009.  The purpose of the 

call was to clarify EPA concerns that resulted in the decision, and to determine what 

information EPA might require to address those perceived information deficiencies.  

During the conference call, approaches to address EPA concerns were discussed.  EPA 

indicated that the following tasks could provide the additional information allowing 

further evaluation of the potential for instream toxicity and the support of aquatic life in 

the receiving streams.   

 

1. Task 1.  A literature review of current research related to dissolved mineral 

toxicity. 
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2. Task 2. Conduct additional effluent WET testing and analytical chemistry to 

determine the dissolved mineral concentration in the effluent and in 

downstream receiving stream segments that could be correlated with the 

WET tests results. 

 
3. Task 3.  Modeling using GRI STR salinity model to predict the potential for 

toxicity at the concentrations adopted by the ADEQ rulemaking. 

 
4. Task 4.  Additional chronic WET testing on a laboratory developed synthetic 

water developed to mimic the dissolved mineral concentrations of receiving 

stream segments downstream of the discharge from Lion Oil which were the 

subject of the 3rd party rulemaking and approved by APC&E Commission. 

 

In addition, EPA requested that a study plan be developed to set forth the 

process by which the additional information would be presented and to establish a 

decision process that would document maintenance of the aquatic life uses. This study 

plan was developed and submitted to ADEQ for their review and comment and for 

subsequent submittal to EPA for their review. The Study Plan is provided in Appendix B. 

Based on the information presented in the ROD and the additional discussion 

during the conference call, it was determined that the above tasks would provide 

information to address EPA concerns related to the protection of the aquatic life uses of 

the receiving streams. 

 

2.0  OBJECTIVE 
 

The objective of the supplemental report was to develop and provide additional 

documentation addressing issues identified by EPA as deficiencies stated in the 

Dissolved Mineral ROD related to the potential for instream toxicity.  
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3.0  TASKS 
 

3.1 Supplemental Information Study Plan  
 
 Based on the April 29, 2009 conference call, a supplemental study plan was 

developed and submitted for ADEQ and EPA Region 6 review and comment.  The study 

plan and comment review are provided in Appendix B.  

 

The primary tasks of the study plan included:  

 
• develop additional information through an updated literature review of 

dissolved mineral toxicity; 

• conduct additional WET testing on the Outfall 001 and collect downstream 

samples to characterize the receiving stream dissolved mineral 

concentrations during the periods of WET testing;   

• complete modeling using GRI model; and 

• conduct additional WET testing utilizing laboratory developed waters to 

simulate the concentrations of dissolved minerals approved by APC&E 

Commission in the Lion Oil 3rd party rulemaking.  

 

3.2  Task 1. Develop Additional Information through an 
Updated Literature Review of Dissolved Mineral Toxicity 
Information  

 
The current scientific literature related to the toxicity of dissolved minerals was 

reviewed with a focus on Cl, SO4 and TDS. The scientific literature indicated a range of 

concentrations at which the target dissolved minerals present a toxicity potential. The 

literature search was compared to the criteria approved by ADEQ and the Commission 

in the Lion Oil 3rd party rulemaking.  
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The goal of this task was to supplement the information presented during the 

rulemaking process and clarify the existing scientific data related to dissolved mineral 

toxicity.  

 
3.2.1  Results 
 

The current science behind dissolved mineral toxicity has evolved to more clearly 

identify the relationship between the various ionic compounds and the relative toxicities 

of the individual anions, specifically sulfate and chloride. This information supports that 

the criteria approved in the Lion Oil 3rd party rulemaking are supportive of the receiving 

stream aquatic communities. 

 
3.2.2  Arkansas Dissolved Mineral Implementation Strategy 
 

The APC&E Commission, Regulation No. 2 contains the established water 

quality standards for chloride, sulfate, and Total Dissolved Solids (TDS) for the State of 

Arkansas (ADEQ, 2007).  Regulation No 2 provided stream specific dissolved mineral 

criterion for numerous listed named streams and stream segments. 

In addition, for those streams not specifically listed, the default dissolved mineral 

criteria is established on an ecoregion basis.  These default criteria were first 

established in the 1987 revision of Reg. 2, (ADPCE, 1987) as “guidelines” based on the 

data developed as part of the Ecoregion Reference Streams documentation (ADPCE, 

1987-Volumes I and II).  The guidelines were based on the characterization of “least 

disturbed” streams in each of the aquatic ecoregions identified in Arkansas.   The 

streams selected for this ecoregion study were selected to represent a “least disturbed” 

condition. Therefore, the oil, gas, and mineral production areas of the Gulf Coastal Plan 

Ecoregion in southern Arkansas were specifically excluded from the ecoregion 

reference study. The dissolved mineral “guidelines” were adopted as default criteria 

during the 1993 standards revision.   

Unless specifically listed in Regulation No. 2, the ecoregion default dissolved 

mineral criteria were applied to all unnamed streams regardless of the historical 

condition and long term water quality.   
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This “blanket application” of ecoregion dissolved mineral criteria created 

numerous situations where instream concentrations exceeded the ecoregion criteria. 

The Dissolved Mineral Implementation Strategy was developed by ADEQ to address 

the apparent over application of the least disturbed dissolved mineral criterion. The 

strategy was to allow modification of individual streams and stream segments through 

site specific development of dissolved mineral criteria through the 3rd party rulemaking 

process.  This 3rd party rulemaking process (an approved policy in the ADEQ 

Continuous Planning Process (CPP) for the implementation of Regulation No. 2.) is 

provided in Reg. 2 under Section 2.306.  

The CPP dissolved mineral implementation strategy has been utilized and 

approved by both ADEQ and EPA. This criteria development process has resulted in 

90+ stream segments having site specific dissolved mineral criteria as identified in the 

current Regulation No. 2 (ADEQ, 2007).  Many of these approved 3rd party rulemakings 

have approved chloride, sulfate and TDS criteria above those concentrations proposed 

in the Lion Oil rulemaking, demonstrating that the concentrations approved in the Lion 

Oil rulemaking do not represent concentrations that present an issue related to the 

preservation of the stream segments designated uses. 

According to the most recent version of Regulation No. 2, the maximum 

dissolved mineral criteria approved in previous 3rd party rulemakings are: 

 
• Chloride: 631 mg/L  (Reach of  Boggy Creek - Clean Harbors rulemaking), 

• Sulfate: 860 mg/L ( Holly Creek – ALCOA rulemaking), 

• TDS: 1,600 mg/L (Holly Creek – ALCOA rulemaking). 

 

In comparison, the minimum dissolved mineral criteria approved by APC&E 

Commission in the Lion Oil 3rd party rulemaking are a fraction of these maximums and 

primarily represent the mid-range concentrations of those previously approved. The 

maximum chloride criteria are less than one-half of the maximum approved for Boggy 

Creek, a tributary to Bayou de Loutre.  Although higher, the maximum values for 

sulfates and TDS are normally the same as those previously approved for other stream 
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segments.  The ranges of dissolved mineral criteria approved in the Lion Oil rulemaking 

are: 

 
• Chloride: 256 - 264 mg/L, 

• Sulfate: 171- 997mg/L,  

• TDS: 780 – 1,756 mg/L,  

 

Many of these 3rd party rulemakings are located within the Ouachita River basin 

where the default criteria are 15 mg/L for chloride, 20 mg/L for sulfate, and 142 mg/L for 

TDS.  However many stream segments within the Ouachita River basin have site 

specific criteria which are considerably higher and would not have been approved if the 

criteria were not protective of the aquatic life uses assigned to the stream segment.  

As recently as May 23, 2008, ADEQ, APC&E Commission and U.S. EPA 

approved a 3rd party rulemaking for 43 stream segments increasing the chloride criteria. 

The Bayou Meto Water Management District (BMWMD) rulemaking was approved 

without actual field documentation of existing conditions, without modeling to project 

expected concentrations, no evaluation of aquatic life community, minimal stream 

habitat documentation, and no evaluation of toxicity other than 2 references (APAH, 

1992 and Kennedy, 2003). These references provided toxicity values for chloride as 230 

mg/L, sulfate at >300 mg/L, and larval fish toxicity at 860 mg/L chloride and >1000 mg/L 

sulfate.  These larval fish toxicity values are above the Lion Oil 3rd party ADEQ 

approved values.  

 
3.2.3  Toxicity of Dissolved Minerals 

 
There is ample documentation in the scientific literature demonstrating the 

potential toxicity of dissolved minerals varies widely depending on several factors. The 

dissolved minerals (anions; sulfate and chloride and the sum of the dissolved minerals; 

TDS) do not exist in the environment as elements, but are bound with cations to form 

compounds.  In addition to the concentration of the individual minerals, one of the most 
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important variables in determining the toxicity of a dissolved mineral complex is the 

combination of compounds. 

EPA requested a more through review of the literature related to dissolved 

mineral toxicity.  The following section provides additional information related to the 

existing literature. This review is not meant to provide an exhaustive literature review 

but to generally provide additional information related to dissolved mineral toxicity as it 

impacts this approved rulemaking. 

EPA has not developed a TDS or sulfate national criterion for the protection of 

freshwater aquatic organisms, but has developed state site-specific guidelines (IDNR 

2009). However, EPA’s current national criterion for the protection of aquatic life from 

chloride is at acute levels of 860 mg/L and chronic levels of 230 mg/L, based on the 

testing of 12 different genera (APHA, 2009). This criterion is driven by concentrations to 

protect the agricultural use and not exclusively the aquatic life use.  

More recent literature has focused on the relationships of toxicity between 

sulfate, chloride and other cations in the environment (IDNR, 2009). Research has 

shown that chloride and hardness concentrations affect sulfate’s toxicity to aquatic 

invertebrates by causing changes in the organism’s osmoregulation (IDNR, 2009). Due 

to the well studied relationship of sulfate toxicity, chloride, and hardness concentrations, 

the Iowa Department of Natural Resources (IDNR) has developed and proposed to the 

EPA a new approach to the criteria development using a new sulfate formula which can 

be applied to Iowa’s new water quality standard criteria for protection of aquatic 

organisms (IDNR, 2009).  

After an extensive scientific literature review, and based on the scientific data, 

IDNR found chloride toxicity to be dependent on sulfate and even more so on hardness 

levels. This condition led to the development of the final proposed formulas for 

calculating chloride criteria:  

 
•  Chloride Acute Value in (mg/L) = 287.8 (Hardness)0.205797(Sulfate) -0.07452, 

and  

• Chloride Chronic Value (mg/L) = 177.87(Hardness) 0.205797(Sulfate)-0.07452  

January 5, 2011 9 



 

Applying this equation and using the Gulf Coastal Plain ecoregion background 

criteria of 18.7 mg/L (chloride) and 41.3 mg/L (sulfate), the chronic chloride criteria 

would be 426 mg/L and the acute criteria would be 688 mg/L, both of which exceed the 

concentrations approved by APC&E Commission in the Lion Oil 3rd party rulemaking. 

In addition, IDNR is proposing that the sulfate criterion be modified to account for 

the effects of hardness and chloride concentrations. Based on the look-up table 

produced by IDNR, and assuming a water hardness of 100 mg/L, the sulfate criteria 

would vary between 840 mg/L and 1,043 mg/L (assuming the ecoregion background 

concentration of 20 mg/L and assuming the maximum of 256 mg/L chloride).  Both of 

which exceed the criteria approved by APC&E Commission in the Lion Oil 3rd party 

rulemaking. 

 
3.2.4  Additional Toxicity Data 

 
Studies conducted by D.R. Mount, et al. (1997) and W.L. Goodfellow, et al. 

(2000), find that TDS toxicity is dependent on other ionic compositions, including 

chloride and sulfate, and effects on ion imbalances during testing of aquatic species. 

The Virginia DEQ has suggested that TDS standards should consider component-ion 

effects (Schoenholtz, et al. 2008).  

The effects of alkalinity and hardness on the toxicity of dissolved solids in textile 

effluent were also shown to affect the relative toxicity to the water flea (Ceriodaphnia 

bubia).  The results of the research by Lasier et al. indicated that effluents with lower 

carbonate alkalinity had increased reproduction when compared to those with higher 

carbonate alkalinity. In addition, they reported that sodium chloride salinity produced 

greater reproduction in water flea WET tests than did sodium sulfate salinity 

(http://www.pwrc.usgs.gov/resshow/wingr1rs/wingr1rs.htm).  

IDNR conclude that total dissolved solids toxicity is caused mainly by the 

relationship found between chloride and sulfate as described above.  Therefore, IDNR 

propose replacement of TDS standards with the proposed chloride and sulfate criteria 

formula developed above (IDNR, 2009).  
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The IDNR states that the current EPA guidelines for sulfate toxicity are far too 

low and that the protection of aquatic life is better achieved through IDNR’s developed 

formulas (IDNR, 2009). IDNR believes that the protection of aquatic life can be achieved 

with TDS concentrations above 3,000 mg/L as long as sodium sulfate comprise the 

majority of the TDS complex (IDNR, 2009).  This is supported in the case of Lion Oil 

where the majority of the TDS in the Outfall 001 discharge is sodium sulfate and the 

WET testing history demonstrated that there is little potential for WET test failures even 

in 100% effluent. (See Section 3.5, Lab produced water development and WET testing 

results).  

In another Region 6 state, The Texas Commission on Environmental Quality 

(TCEQ) developed a total daily maximum load (TMDL) for dissolved solids in Petronila 

Creek and found that saline pore water in shallow aquifers (along with historical 

contributions from historical oil production areas over 50+ years in the watershed) likely 

contributed to the high salinity (dissolved solids) of the receiving stream.  The water 

quality standards for Petronila Creek expressed as annual average concentrations of 

dissolved minerals are 1,500 mg/L, 500 mg/L and 4,000 mg/L of chloride, sulfate, and 

TDS,respectively.(http://www.tceq.state.tx.us/assets/public/implementation/water/tmdl/3

2petronila/32-petronilatmdlapproved.pdf). 

 
3.3  Task 2. Conduct Additional WET Testing on the Outfall 

001 and Collect Downstream Samples to Characterize 
the Receiving Stream Dissolved Mineral Concentrations 
During Periods of WET Testing 

 
  One of the issues EPA identified in their disapproval of the APC&E Commission 

approved Lion Oil 3rd party rulemaking was the lack of documentation that 

demonstrated the dissolved mineral concentrations reported for the discharge were 

collected during the period of the historical WET test.  It was EPA’s opinion that there 

was no way to demonstrate that the historical WET test results were representative of 

conditions which might occur as a result of the approved criteria.   
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 The dissolved mineral criteria approved by APC&E Commission in the Lion Oil 

3rd party rule making were based on the historical instream concentrations and do not 

propose additional mineral loadings to the receiving stream. The 3rd party rule making 

documentation (Loutre Creek- Section 2.306 Site Specific Water Quality Study, Dated 

October 3, 2006) provided the historical results of the Lion Oil WET testing from the 

period 2000 through November 2005. This data included estimated TDS concentrations 

based on the specific conductance of the waters used in the WET testing. The historical 

data demonstrated that there was no correlation between the estimated TDS 

concentrations and the WET test results. In addition, the sulfate and chloride 

concentrations of the Outfall 001 discharge were not correlated to the results of the 

WET tests (e.g., the dissolved mineral concentrations had no effect on the WET test 

results). 

 In an effort to address EPAs questions regarding the dissolved mineral 

concentration of the effluent during the WET tests and dissolved mineral concentrations 

in the receiving stream downstream of Outfall 001, Lion Oil implemented monthly WET 

tests for the period from February 2010 through September 2010. Concurrent with the 

monthly WET testing on Outfall 001 effluent, samples of the receiving stream (Loutre 

Creek) and downstream (Bayou de Loutre) were collected and analyzed for dissolved 

minerals (sulfate, chloride and TDS).  In anticipation of this effort, Lion Oil completed 

additional baseline monitoring in 2009. These results are also included in this 

assessment of effluent and receiving stream dissolved mineral concentration during 

WET test in 2009.  

 
3.3.1  Task 2 Findings 
 
  3.3.1.1  Results of Monthly WET Tests 
 
  Table 1 and Appendix C-1 provides a summary of the monthly WET testing 

completed during 2010. During this effort, a series of eight (8) consecutive monthly 

chronic 7-day WET tests were completed.  Each test measured four (4) endpoints for a 

total of 32 measured endpoints. The WET tests utilized two (2) test organisms, the 

water flea (Ceriodaphnia dubia) measuring survival and reproduction endpoints and the 
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fathead minnow (Pimephales promelas), measuring survival and growth endpoints (as 

outlined in the approved study plan).  

The no observed effect concentration (NOEC) for 87.5% of the monthly test 

endpoints was 96% effluent (the maximum test exposure).  Only 4 of the 32 (12.5%) 

monitored endpoints failed at the critical dilution (96% effluent), all of which were the 

water flea reproduction endpoint and only one of the four test failures (3.1% of the 32 

endpoints) was at dilution less than 96%.  These results continued the trends 

established by the historical tests presented in the Lion Oil 3rd party rulemaking where 

the fathead minnow has demonstrated no adverse response to the effluent in either of 

the measured endpoints (survival or growth) and the water flea typically passes the 

survival endpoint in the highest exposures, but sporadically fails the reproductive 

endpoint at the maximum exposures.   

 Since before January 2000, the Lion Oil NPDES permit has required that a 

toxicity reduction evaluation (TRE) be completed if the WET tests demonstrates a 

potential for instream toxicity as indicated by the WET tests results.  To date, Lion Oil 

has not been required to initiate a TRE for WET tests failures (Lion Oil has entered into 

a plan of study to monitor the sub-lethal water flea results as a result of sporadic sub-

lethal test failures. However, there is no data to implicate these sporadic failures are 

due to the dissolved minerals in the discharge). 
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3.3.1.2  Results of the Dissolved Mineral Monitoring 
 
During the 10-month period of accelerated WET testing, samples of the effluent 

and the receiving stream were collected concurrently with the composite effluent and 

dissolved minerals in-situ flow samples for the WET testing. Tables C-2 through C-6 

(Appendix C-2) provides a summary of the dissolved mineral concentrations of the 

effluent at five locations along the receiving streams (Figure13).  Plots of water quality 

data depicting dissolved mineral concentrations by station and for the collection period 

are provided in Appendix C-3. 

Outfall 001.  During the period of increased monitoring, the discharge flow 

ranged from 1.86 mgd to 3.87 mgd. The TDS concentrations ranged from 1,340 mg/L to 

2,940 mg/L, (representing a value from 76% to 167% of the instream criteria as ADEQ 

approved in the Lion Oil 3rd party rulemaking).  The chloride concentration ranged from 

16 mg/L to 379 mg/L (6.2% to 148% of the ADEQ approved instream criteria). The 

sulfate concentrations ranged from 65 mg/L to 1,100 mg/L (6.5% to 110% of the ADEQ 

approved instream criteria).   

These effluent concentrations represent that the discharge upon which the WET 

testing has been completed represents a broad range of the dissolved minerals 

concentrations. Also, the maximum concentration of any individual constituent (TDS, 

sulfate, or chlorides) were in separate samples and the WET test completed concurrent 

with these maximum dissolved mineral concentrations PASSED all four measured 

endpoints with a NOEC of 72% or greater. 

In further comparisons with the WET test results, the WET test that demonstrated 

the greatest difference between the control and the test exposures was the May 2010 

WET test with a water flea reproduction NOEC of 41% effluent. The effluent dissolved 

minerals concentration of the effluent collected during that test were, 291 mg/L, 860 

mg/L, and 2,120 mg/L, for chloride, sulfate and TDS respectively.  Those concentrations 

for chloride and TDS were less than the maximum concentrations measured at other 

periods when the WET test passed (Chlorides of 379 mg/L in April 2010, Sulfates of 
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1,090 mg/L in September 2010, and TDS of 2,130 mg/L in July 2010 (See Section 

3.3.1.3 for additional discussion of dissolved mineral impact on WET test results). 

LC-3. This monitoring location is downstream of the Outfall 001 discharge and 

includes storm water runoff from the watershed but no other point source contribution. 

The flows during the sampling periods ranged from 2.44 mgd to 6.73 mgd and the 

discharge from Outfall 001 accounted for 43 to 76% of the flow at this location during 

this period, depending on the antecedent storm conditions. The only month where the 

Outfall 001 discharge comprised the entire downstream flow was for the month of June 

2010, a brief dry period in 2010.  During all other periods there was dilution resulting 

from either upstream flows or runoff from storm events accounting for 24 to 57% of the 

flow.  

The TDS concentrations ranged from 1,030 mg/L to 2,500 mg/L, the chloride 

concentration from 178 mg/L to 336 mg/L and the sulfate concentrations from 629 to 

986 mg/L. The maximum values measured in Reach LC-3 were reduced from the 

Outfall 001 maximum concentrations reflecting the increased flows from upstream 

and/or storm flow contributions.  The maximum concentration of each dissolved mineral 

constituent in LC-3 occurred the same month as it occurred in the Lion Oil Outfall 

001discharge.  

The instream concentrations exceeded at LC-3 the APC&E Commission 

approved criteria at least once during the 10-month period for TDS and chloride but did 

not exceed the sulfate criteria at this location. 
LC-4. This location on Loutre Creek is just upstream of the mouth of Bayou de 

Loutre (Figure 13). The location was selected as a monitoring location to evaluate 

contributions from expansive wetlands that exist between LC-3 and LC-4. The wetland 

also contributes dissolved minerals from historical oil/brine production activities.  The 

measured flows at this monitoring location were only slightly elevated over those from 

LC-3, (e.g., 0.1 mgd or less difference in the average, minimum, and maximum values 

between the two locations). 

The TDS concentrations ranged from 960 mg/L to 2,270 mg/L, the chloride 

concentration ranged from 166 mg/L to 339 mg/L, and the sulfate ranged from 609 mg/L 
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to 1010 mg/L. The maximum values measured in Reach LC-4 were further reduced 

from the LC-3 maximum concentrations, but only in the TDS and chloride. The 

maximum sulfate concentration was increased reflecting the inputs of the large wetland 

complex which often increases sulfates as a result of decomposition and natural anoxic 

conditions in the wetland ecosystem.  

The instream concentrations of dissolved minerals exceeded the ADEQ 

approved criteria only once during the 10-month period for TDS, sulfate, and chloride.  
BDL-2.  Station BDL-2 is located on Bayou de Loutre downstream of the mouth 

of Loutre Creek.  The flow at this location ranged from 4.1 mgd to 10.9 mgd, reflecting 

the doubling of the watershed size (watershed of Bayou de Loutre upstream of the 

mouth of Loutre Creek) and the contributions from other permitted point sources (e.g., 

Chemtura Corporation NPDES No. AR 0001171). These additional contributions were 

accounted for in the Lion Oil 3rd party rulemaking and reflected in the APC&E 

Commission approved criteria.  

The APC&E Commission approved criteria for this reach of Bayou de Loutre are 

1,236 mg/L TDS, 635 mg/L sulfate, and 264 mg/L chloride. During the monitoring 

period, the TDS ranged from 690 mg/L to 1,360 mg/L; the sulfate ranged from 371 mg/L 

to 653 mg/L; and the chloride range from 135 mg/L to 262 mg/L.   

The instream concentrations exceeded the ADEQ approved criteria only once 

during the 10-month period for TDS (1,360 mg/L in April 2010), and sulfate (653 mg/L in 

September 2010). However, the chloride concentration did not exceed the APC&E 

Commission approved criteria for this reach.  

 
3.3.1.3  WET Testing as Influenced by Dissolved Minerals 
 
The following assessment provides a long term perspective of the WET test 

results as a function of the dissolved mineral concentrations. As illustrated in the 

following 12 figures, the WET NOEC does not respond to the increase and/or decrease 

of the dissolved mineral concentration for any of the four measured endpoints. 

The 12 figures provide an illustration of each of the four measured endpoints to 

each of the three dissolved mineral concentrations for the period from January 2000 
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through September 2010. Prior to 2004, Lion Oil was not required to monitor the 

dissolved minerals in relation to the WET test requirements. Therefore, the following 

figures do not provide the specific mineral concentration associated with the specific 

WET test result for the period prior to the 2nd quarter of 2004. 

Figures 1-4 illustrate the NOEC for the four measured WET endpoints and the 

sulfate concentration as measured during the period the WET test was completed. The 

NOEC for the water flea lethality endpoint is recorded for 52 individual tests (Figure 1).  

During this period, three tests were reported to be invalid due to control failures 

(represented by the blanks in the time series).  In only 3 tests was the NOEC less than 

the facility critical dilution of 96% effluent.  The sulfate concentration (represented by the 

closed triangle marker) varied considerably over the time series. This variability is not 

reflected in the WET test response. In fact, the lowest NOEC occurred during the 

February 2007 WET test and the sulfate concentration during this test was one of the 

lowest reported.  

 

Figure 1
Water Flea

 WET Lethality NOEC & Sulfate
Outfall 001

Lion Oil Complany
POR  Jan 2000 - October 2010
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Figure 2 (the water flea sub-lethal NOEC) depicts an increased test failure rate 

where the reproduction endpoint NOECs were more variable. Regardless of the 

increased reproduction WET test failures, where the NOEC is less than 96%, there is no 

correlation of the NOEC and the sulfate concentration, as depicted by Figure 2.  The 

sub-lethal WET test failures have been reviewed in detail on numerous occasions and 

often the reduced NOEC is a function of the control variability (or lack thereof) which 

increased the potential for failures as a result of significant differences and is not 

reflective of a “biological” reduction in the reproductive success.  

 

Figure 2
Water Flea 

Sub-lethal NOEC & Sulfate
Outfall 001

Lion Oil Complany
POR  Jan 2000 - October 2010
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Figures 3 and 4 reflect the consistent NOEC response of the fathead minnow 

when exposed to the Outfall 001 discharge, where the vast majority of the WET tests 

have passed both endpoints (survival and growth) at the critical dilution.  The variability 

of the sulfate concentrations has absolutely no effect on the NOEC for either fathead 

minnow endpoint.  The gaps in the WET test fathead minnow history represent periods 
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when there were no WET test completed for the fathead minnow (when monthly testing 

was completed for the water flea but not the fathead minnow. 
Figure 3

Fathead  Minnow  
Lethality NOEC  and Sulfate

Outfall 001 
Lion Oil Complany

POR  Jan 2000 - October 2010
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Figure 4
Fathead  Minnow  Growth NOEC & Sulfate 

Outfall 001
Lion Oil Complany

POR  Jan 2000 - October 2010
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Figures 5-8 illustrate the same NOEC response in relation to the measured 

chloride concentrations. As with the sulfate, there is no correlation to the NOEC and the 

chloride concentration in any of the WET endpoints measured. 
Figure 5

Water Flea  
WET Lethality NOEC  & Chloride

Outfall 001
Lion Oil Complany

POR  Jan 2000 - October 2010
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Figure 6
Water Flea WET  

Sub-lethal NOEC & Chloride
Outfall 001 

Lion Oil Complany
POR  Jan 2000 - October 2010
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Figure 7
Fathead  Minnow  WET

Lethality  NOEC &  Effluent Chloride
Outfall 001 

Lion Oil Complany
POR  Jan 2000 - October 2010
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Figure 8
Fathead  Minnow  WET

Sub-lethal NOEC & Chloride  
Outfall 001

Lion Oil Complany
POR  Jan 2000 - October 2010
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Figures 9-12 illustrate the NOEC response in relation to the measured TDS 

concentrations, and like the previous figures depicting the NOEC vs. the sulfate and 

chloride concentrations, the NOEC for the majority of the test endpoints are 96%.  Also, 

like the other water flea reproduction figures, although the same variability is depicted, 

so is the lack of correlation between the NOEC and the TDS concentration. 

 

Figure 9
Water Flea 

 WET Lethality  NOEC  & TDS
Outfall 001

Lion Oil Complany
POR  Jan 2000 - October 2010
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Figure 10
Water Flea

 WET  Sub-lethal NOEC & TDS
Outfall 001 

Lion Oil Complany
POR  Jan 2000 - October 2010
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Figure 11

Fathead  Minnow  
WET Lethality  NOEC &  Effluent TDS

Outfall 001 
Lion Oil Complany

POR  Jan 2000 - October 2010
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Figure 12
Fathead  Minnow  WET
Sub-lethal NOEC & TDS  

Outfall 001
Lion Oil Complany

POR  Jan 2000 - October 2010
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3.4  Task 3.  Complete Modeling Using GRI STR Model 
 
3.4.1  Model Basis  
 

The toxicity potential of the APC&E Commission approved dissolved mineral 

criteria, as adopted in the Lion Oil 3rd party rulemaking, was determined using the 

salinity model developed by the Gas Research Institute. The model (A Salinity/Toxicity 

Relationship, STR, to Predict Acute Toxicity of Saline Waters to Freshwater Organisms, 

D. Gulley and D.R. Mount, 1996) was developed to predict acute toxicity (24, 48 and 96 

hour toxicity LC50 and predicted percent survival) based on mineral concentration and 

mineral imbalances of seven major ions including Na, K, Ca, Mg, Cl, SO4 and HCO3.  

The model is a simplistic acute toxicity predictor.  In addition to modeling the Lion Oil 

effluent, the model was used to predict the potential for toxicity for the three additional 

stream segments included in the 3rd party rulemaking. Mineral concentrations 

representing the 95th percentile of the historical discharge were utilized as the baseline 

modeling to demonstrate the toxicity potential at the maximum possible effluent 

January 5, 2011 25 



concentrations.  Additional modeling for each subsequent downstream segment was 

completed based on the APC&E Commission approved criteria.   

The concentrations of the seven major ions as characterized by the sample 

collected on July 15, 2009 from each stream segment were used in the predictive 

modeling using the GRI model.  Baseline model runs were completed utilizing known 

concentrations of the seven target ions (as measured on July 15, 2009) and the 

concentrations of sulfate, chloride, and TDS as approved in the Lion Oil 3rd party 

rulemaking (the concentrations approved in the rulemaking represents the 95th 

percentile of the long term data record for the target parameters in accordance with the 

ADEQ CPP policies to address the dissolved mineral criterion). 

The GRI modeling projected the toxicity potential of the approved criteria for each 

stream segment. 

 
3.4.2  GRI STR  Model Results 

 
The results of the GRI STR modeling demonstrates that there is NO 

predicted toxicity related to dissolved mineral concentrations at the 
concentrations approved by the Lion Oil 3rd party rulemaking.  Table 2 presents the 

model input data and Table 3 summarizes the results of the GRI salinity model 

predicting percent survival of three target species in waters representing both ambient 

conditions as characterized by samples collected on July 15, 2009 and using the 

dissolved mineral concentrations approved by APC&E Commission in the Lion Oil  3rd 

party rulemaking.  The print-outs of the individual model runs are provided in Appendix 

D.   
The GRI STR model failed to predict significant lethality to any of the three 

species at any of the dissolved mineral combinations for any of the study 
reaches.  The predicted minimum survival was projected in the outfall exposure and 

was 96.1% survival, only 3.9% lethality in 100% exposure.  In acute WET testing, 

survival rates of 90% or greater are considered as passing and acute WET tests 

requires survival of less than 90% to be considered significant.  None of the model runs 

predicted significant lethality in any of the projected dissolved mineral combinations 
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even when modeling was completed using 1.5 times the ADPCEC approved dissolved 

mineral criteria.   

 
Table 2.  Dissolved mineral water quality of ambient waters in the Bayou de Loutre Watershed and the  
               target sulfate, chloride, and TDS utilized in the GRI STR modeling, all concentrations in mg/L  
               7/15/2010A

Dissolved minerals as measured in 
July 2009  

Targeted dissolved mineral 
concentrations Parameter 

LC-4 BDL-2 BDL-6 BDL -LA LC-4
BDL-

3 
BDL-

6 
BDL-
LA 

Chloride 191 190 160 176 256 264 160 160 
Sulfate 1010 997 461 157 997 635 345 171 
Hardness 38 34 60 164 -- -- -- -- 
Calcium 27.4 26.1 17.3 18.2 -- -- -- -- 
Magnesium 4.13 4.13 3.46 3.64 -- -- -- -- 
Manganese 0.138 0.073 0.089 0.09 -- -- -- -- 
Potassium 9.73 8.59 9.42 15.9 -- -- -- -- 
Sodium 559 552 311 201 -- -- -- -- 
Total dissolved solids 1900 1900 1100 750 1756 1236 780 500 

A:  all concentrations are reported in mg/L. 
 
 

Table 3. Lion Oil 3rd Party Rulemaking STR Model Results using the GRI Salinity model.A

 % Survival at each SiteB

Test 001 001 b 

 
2X 

TARGET 
Concentration LC-4 LC-4 b BDL-6 BDL-6b BDL-la BDL-la-b

Ceriodaphnia 24-h 98.7 98.7 97.4 98.9 99.5 99.8 99.8 99.7 99.8 
Ceriodaphnia 48-h 97.1 96.9 94.1 97.6 98.8 99.5 99.5 99.4 99.4 

    

Daphnia 24-h 97.6 97.5 96.7 97.8 98.2 98.5 98.7 98.5 98.6 
Daphnia 48-h 96.1 96.0 94.4 96.4 97.3 97.6 97.9 97.6 97.7 

   

Fathead Minnow 24-h 98.9 98.9 98.6 98.9 99.1 99.2 99.2 99.2 99.2 
Fathead Minnow 48-h 98.6 98.6 98.1 98.6 98.9 98.9 99.0 98.9 98.9 
Fathead Minnow 96-h 96.7 96.7 95.6 96.8 97.4 97.0 97.2 96.6 96.7 
A=Modeling results reported as percent survival out of 100 (e.g. 98.7% survival).  Results and raw data from the STR model are 

available upon request in the form of a 3.5 inch diskette.  In order to access the data and retrieve model run results a 3.5 inch 
diskette drive is required.  The STR model runs in MS-DOS format and must be run from the diskette drive on newer windows 
based computers.  To run the model type “a:\STR” into the “Run” program window available from the “start” menu.  The 
program will initialize and provide a user friendly menu system that will walk you through use of the model. 

B= Sites that end in "b" reflect targeted chloride and sulfate levels represented by the ADEQ approved criteria 
1.5 TARGET CONCENTRATION= Model results when the discharge concentration in increased 50% above ADEQ 
approved criteria. 
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3.5  Task 4. Conduct Additional WET Testing Utilizing 

Laboratory Developed Waters to Simulate the 
Concentration of Dissolved Minerals Approved by APC&E 
Commission in the Lion Oil 3rd Party Rulemaking   

 
3.5.1  Artificial Matrix Approach  
 

Although the approved criteria are representative of the historical discharge from 

Lion Oil, there is no historical downstream WET testing at the approved criteria to 

demonstrate the maintenance of the aquatic life uses.  The purpose of the additional 

WET testing was to demonstrate the ability of the approved criteria to support the 

aquatic life as demonstrated by WET tests.  The 7-day chronic WET tests were 

completed on a series of laboratory developed waters designed to mimic the dissolved 

mineral complex of the Lion Oil discharge and that of three downstream segments 

identified in the 3rd party rulemaking.  The laboratory produced waters were developed 

to represent the maximum dissolved mineral concentrations of the Lion Oil discharge 

and of selected downstream receiving segments based on the concentrations approved 

by ADEQ and the APC&E Commission in the Lion Oil 3rd party rulemaking. The 

laboratory produced matrix was developed based on sampling completed on July 15, 

2009.  Once the stream samples were characterized, the synthetic waters were 

developed with the intent of maintaining the relative chemical balance characterized 

from the receiving stream segments. 

The analytical suite completed on grab samples from the Lion Oil Outfall 001 and 

each stream segment included: 
 

• Chloride,  

• Fluoride,  

• Sulfate,  

• Total dissolved solids, 

• Nitrite-N,  

• Bicarbonate alkalinity,  
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• Total alkalinity,  

• Carbonate alkalinity,  

• Specific conductance, 

• Total organic carbon, 

• Total inorganic carbon,  

• Boron, 

• Calcium, 

• Iron, 

• Magnesium, 

• Manganese, 

• Potassium, 

• Silicon, 

• Sodium, 

• Aluminum, 

• Barium,  

• Heavy metals ( As, Cu, Ni, Cd, Cr, Pb, & Zn),  

• Total Suspended Solids, and 

• Hardness 

 

EPA methods were used for the analyses and NPDES detection levels were 

reported.  In addition, analyses of the synthetic waters were completed before and after 

the WET tests to verify that the analytical targets for the dissolved minerals were 

attained in the 100% exposures. These analytical results are provided in Appendix C. 

 
3.5.2  Results  
 
 The results of the toxicity testing on the laboratory produced waters 
developed to mimic the approved dissolved mineral criteria demonstrated that 
approved criteria are protective of the aquatic life communities.  
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3.5.2.1  Water Quality of the Subject Reaches 
 
Water samples were collected from four locations within the Bayou de Loutre 

watershed on July 15, 2009 (Figure 13). Table 4 summarizes the in-situ 

physicochemical parameters measures at the time of sample collection.   

The synthetic matrices were developed based on the results of analyses of water 

samples collected July 15, 2009 from each stream segment.  The analytical results of 

the ambient waters, the chemicals used in the composition of the laboratory produced 

waters, and the analytical results of the produced waters are provided in Appendix D. 

In addition to the analytical suite completed in the lab, in-situ physicochemical 

parameters and flows as recorded at the time of sample collection, and are summarized 

in Table 4 below. 

 
Table 4. Summary of in situ physicochemical parameters as measured during sample collection. 7/15/2009. 

Study Reach 

Measurement 

LC-1 
Outfall 

001 LC-4 BDL -2 
 

BDL -3 
 

BDL-6 
 

BDL-LA 

Time, (0-2400 hrs) 0820 0900 0945 1030 1545 1400 1320 

Temperature, Co 28.8 26.7 30.6 28.2 29.8 28.3 30.1 

Dissolved Oxygen, mg/L 4.8 6.4 7.9 4.0 7.9 2.2 7.6 

Specific Conductance, uS 368 2,342 2,702 1,606 2,621 1,655 1,144 

pH, su 8.72 7.59 8.24 7.42 7.98 7.62 8.48 

Turbidity, ntu 14.1 10.4 3.58 5.27 4.24 5.19 3.86 
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Figure 13. Stream reaches and sample locations evaluated for development of laboratory produced 
artificial waters representing stream segments included in 3rd party rulemaking for Lion Oil and 
Bayou de Loutre Watershed.  
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The analytical composition of the ambient waters and the targeted sulfate, 

chloride and TDS concentrations are summarized in Table 5.  Appendix E provides the 

analytical results of the grab samples and includes figures illustrating the downstream 

contributions to the dissolved mineral complex. The downstream reaches receive 

contributions from watersheds which have historical and current oil and gas production 

fields.  

The artificial matrix was developed using the relative concentration of all cation 

and anion, ramped up to reflect the dissolved minerals concentration in the approved 

Lion Oil rulemaking.  The chemical recipe for the artificial matrix is provided in Appendix 

F.   
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Table 5. Water quality of ambient waters of the Bayou de Loutre Watershed as sampled on 7/15/2009.A

 
Analyses of samples 

 collected   
Targeted dissolved mineral 

concentrations* 

Measurement 
Lion Oil 

001 LC-4 BDL-2 

 
 

BDL-3 

 
 

BDL-6 BDL-LA 

 
 

LC-4 BDL-3 
BDL-

6 
BDL  

State Line 
Chloride 212 191 190 191 160 176 256 250 250 250 
Fluoride <0.500 <0.500 <0.500 <0.500 <0.500 <0.500  --- --- --- 

Sulfate 1060 1010 997 981 461 157 997 345 263 171 
Nitrate- N 9.38 8.71 8.45 8.49 <0.500 1.85 --- --- --- --- 
Nitrite- N <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 --- --- --- --- 

Hardness 86 84 82 88 58.3 66.6 --- --- --- --- 
Aluminum 0.252 0.29 0.216 0.227 0.216 0.095 --- --- --- --- 
Arsenic <0.050 <0.050 <0.050 <0.050  <0.050 --- --- --- --- 
Barium 0.142 0.127 0.128 0.131 0.088 0.093 --- --- --- --- 
Boron 0.245 0.246 0.240 0.239 0.196 0.131 --- --- --- --- 
Cadmium <0.008 <0.008 <0.008 <0.008 --- <0.008 --- --- --- --- 
Calcium <0.020 0.020 <0.020 <0.020 17.3 18.2 --- --- --- --- 
Chromium <0.020 <0.020 <0.020 <0.020 --- <0.020 --- --- --- --- 
Copper <0.005 <0.005 <0.005 <0.005 --- <0.005 --- --- --- --- 
Iron 0.121 0.257 0.473 0.490 1.1 0.995 --- --- --- --- 
Lead <0.022 <0.022 <0.022 <0.022 --- <0.022 --- --- --- --- 
Magnesium 0.000 0.050 0.100 <0.010 3.64 5.13 --- --- --- --- 
Manganese 0.047 0.050 0.089 0.102 1.11 5.29 --- --- --- --- 
Nickel <0.010 <0.010 <0.010 <0.010 --- <0.010 --- --- --- --- 
Potassium 9.71 9.73 8.95 9.32 9.42 15.9 --- --- --- --- 
Selenium <0.081 <0.081 <0.081 <0.081 <0.081 <0.081 --- --- --- --- 
Silicon 7.65 7.78 7.47 7.52 1.43 1.47 --- --- --- --- 
Sodium 615 559 552 574 311 201 --- --- --- --- 

Zinc 0.028 0.018 0.013 0.013 0.009 <0.005 --- --- --- --- 
Ammonia- N <0.5 <0.50 <0.50 <0.50 --- <0.50 --- --- --- --- 
Specific 
conductance 3030 2860 2770 

 
2780 

 
1760 1210 --- --- --- --- 

Total dissolved 
solids 2000 1900 1900 

 
 

1800 

 
 

1100 750 1756 780 500 500 

Total organic 
carbon 8.32 8.06 8.29 

 
 

8.27 

 
 

11.1 25.5 --- --- --- --- 
Total Alkalinity 34 42 43 40.0 131 189 --- --- --- --- 
TSS 6 20 8.8 8.0 5.6 7.6 --- --- --- --- 

Bicarbonate 
alkalinity 34 42 43 

 
 

40 

 
 

131 189 --- --- --- --- 

Carbonate 
Alkalinity <5.0 <5.0 <5.0 

 
 

<5.0 

 
 

<5.0 <5.0 --- --- --- --- 

Total inorganic 
carbon 8.02 8.09 9.84 

 
 

9.80 

 
 

33.4 46.3 --- --- --- --- 
A: all results presented as mg/L 
* Targeted dissolved minerals as approved by ADEQ in the Lion Oil 3rd party rulemaking. 
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3.5.2.2  Laboratory Produced Waters WET Tests Results 
 
The WET tests demonstrated that the approved dissolved mineral criteria 

are protective of the typical instream aquatic life communities of the receiving 
streams for which the criteria were approved.  Table 6 provides a summary of the 

WET test results and the details of each test are provided in Appendix G.  The WET 

tests were the routine 7-day chronic tests using both the fathead minnow (Pimephales 

promelas) and the water flea (Ceriodaphnia dubia). 

 
Table 6.  Results of the 7-day chronic WET tests completed on synthetic waters. 
ORGANISM Water Flea Fathead Minnow 
REACH LC-4 BDL-2 BDL-6 BDL-LA LC-4 BDL-2 BDL-6 BDLLA 
ENDPOINT   
Survival NOEC 50 50 100 100 100 100 100 100 

Sub-lethal 
NOEC 12.5 50 100 100 100 100 100 100 
Percent 

survival in 
100% 50 80 100 100 94 94 90 98 

Sub-lethalA 
100% 

Control. 
12.2 
17.9 

10.1 
18.9 

14 
15.4 

12.7 
13.6 

1.012 
0.595 

0.859 
0.595 

0.774 
0.595 

0.499 
0.435 

Dissolved 
mineral 

concentration 

Target 
Vs. 

Actual 

Target 
Vs. 

Actual 

Target 
Vs. 

Actual 

Target 
Vs. 

Actual 

Target 
Vs. 

Actual 

Target 
Vs. 

Actual 

Target 
Vs. 

Actual 

Target 
Vs. 

Actual 

Chloride mg/L 256/250 264/253 160/148 160/143 256/250 264/253 160/148 160/143 
Sulfate mg/L 997/821 635/646 345/385 171/136 997/821 635/646 345/385 171/136 
TDS mg/L 1756/1900 1236/1300 780/860 750/670 1756/1900 1236/1300 780/860 750/670 

ASub-lethal counts reflect mean production per female (water flea) and mean larval growth (fathead minnow) in 100% effluent 
compared to the control exposure.  

 
The fathead minnow WET tests PASSED ALL tests endpoints in ALL reaches 

represented, including the sub-lethal growth endpoint.  The minimum survival in the 

100% exposures was 94%. The growth endpoint of the 100% exposure surpassed 
the control growth in all four tests.   

The water flea PASSED the survival endpoint in two of the four reaches 

represented. The sub-lethal NOEC also passed in 2 of the 4 tests. The two tests which 

passed represented the two downstream segments. 
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The laboratory produced WET test failures occurred in the exposures mimicking    

Loutre Creek and the upstream segment of Bayou de Loutre waters.  The statistical 

differences in the control and the laboratory produced waters for these two reaches may 

or may not be directly related to the dissolved minerals.  The control criteria for a valid 

test requires that the average neonate production in the control be 15 per female. The 

control reproduction minimally attained that criterion and the control of one of the 

downstream segments (BDL–LA) failed to attain the minimum neonate production, 

indicating there may have been issues with the health of the culture used as the source 

of the test organisms. The test controls of the two lab waters that failed, produced 17 

and 18 per female, just above the required minimum.  The reduced neonate production 

in the control waters impacted the determination of significance.   

Additionally, the organisms exposed in the WET test were not allowed to 

acclimate to the changes in the dissolved minerals between their culture medium and 

the test exposures.  The literature referenced above in the discussion of the existing 

state of the science, supports that organisms demonstrate a level of acclimation to 

dissolved mineral conditions. The exposure of organisms cultured in soft waters with 

low dissolved mineral concentrations are impacted differently than those invertebrate 

assemblages that reside (and often thrive) in that environment. 

The performance of the artificially produced synthetic waters WET tests 

demonstrate that the approved dissolved mineral criteria are supportive of the aquatic  

vertebrate life (fish) in all of the stream reaches subject of the APC&E Commission 

approved Lion Oil 3rd party rulemaking.  

Although there were issues with the water fleas exposed to the laboratory 

produced waters, those results should not be evaluated without consideration of the 

other documentation that demonstrates an aquatic invertebrate community is 

maintained in the receiving streams (e.g., the aquatic life field study of Loutre Creek and 

Bayou de Loutre). In addition, other supplemental information presented herein provides 

a body of evidence that provides a preponderance of evidence that demonstrates the 

approved dissolved minerals criteria are protective of the receiving stream biota. 
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4.0  SUMMARY OF SUPPLEMENTAL SUPPORTING 
EVIDENCE 

 
These results support the findings of the aquatic life field assessment presented 

during the 3rd party rulemaking and the results of the routine WET testing during the 

extended monthly monitoring of 2010.  The criteria approved by the APC&E 

Commission in the Lion Oil 3rd party rulemaking are supportive of the aquatic life of the 

receiving streams as demonstrated by: 

 
• the existing literature that provides that the effect of dissolved minerals in 

ambient waters is widely variable depending on the chemical composition 

of the dissolved mineral complex, and that concentrations approved in the 

Lion Oil 3rd party rulemaking are protective of the instream aquatic life 

uses of Loutre Creek and Bayou de Loutre;  

• lack of toxicity as documented by the WET testing prior to and during the 

extended monitoring of 2010,   

• the criteria approved for the stream segments are less than or normally 

equivalent to the criteria that have been approved for other stream 

segments in Arkansas and at other states in Region 6 EPA and across the 

nation; 

• the lack of toxicity (even at increased concentrations) as predicted using 

the GRI STR modeling;  

• although there were some failures of the WET testing at the highest 

effluent dilutions and at the maximum concentrations completed using the 

laboratory developed waters, those conditions are not likely to be 

encountered in the receiving streams. Those conditions represent a worst 

case scenario under low flow conditions which are not the conditions at 

which the dissolved mineral standards apply; and 
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• the criteria are supportive of the typical aquatic life of the target stream 

reaches as demonstrated in the aquatic life field study submitted as part of 

the 3rd party documentation. 
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Appendix C-1 
WET Testing Summary Table 



 Table 1.  Outfall 001 Lion Facility  Toxicity Summary (7-day chronic toxicity test) POR november 2003 through July 2009
Min.

Date Test initated
Survival 

CNTL
Survival 

96%
Survival 

NOEL
Repro. 
CNTL

Repro. 
72%

Repro. 
NOEL

Survival 
CNTL

Survival 
96%

Survival 
NOEL

Growth 
CNTL

Growth 
72%

Growth 
NOEL TRC Hardness Alkalinity Conductivity TDS (est.) Se  (ug/L) pH D.O. CL SO4 TDS NOTES

1/4/2000 100 100 96 18.4 19.7 96 87.5 85 96 0.355 0.293 96 0.01 79 110 2890 1879 8.1 3.9 DNA DNA DNA
PASSED ALL ENDPOINTS. NOTE depressed DO in FM tests chemistry. Passed despite  Also contro 
reproduction less than 20

6/20/2000 100 100 96 17 24.3 96 100 97.5 96 0.683 0.395 0 0.01 128 122 1963 1276 8.1 3.2 DNA DNA DNA
PASSED 3 or 4 ENDPOINTS. NOTE depressed DO in FM tests chemistry could have been cause for 
gwth failure DO swing from 10.1to 3.4 Also control CD only 17 barely enough for valid test.

9/18/2000 100 90 96 18.4 14.7 0 97.5 97.5 96 0.663 0.44 41 0.01 104 72 3070 1996 7.8 4.3 DNA DNA DNA
Passed lethality, failed both sub-lethal endpoints. CD cntl repo was onlt 18.4, next highest 17.0 
also sig dif??? Need to review stats.  FM DO swings significant

12/12/2000 100 100 96 17.4 15 96 100 100 96 0.617 0.538 72 0.01 72 132 2610 1697 8 5.5 DNA DNA DNA
PASSED 3 of 4. Growth fsiure was ,0.05mg/larvae ( see details of tests results.Check stats & 
reference performance). Note: Cd control only 17 

3/31/2001 100 100 96 19.9 19 96 90 87.5 96 0.446 0.292 72 0.01 84 80 2020 1313 8 5.1 DNA DNA DNA PASSED 3 or 4 ENDPOINTS. Check the reference control  performance of FM

9/17/2001 90 100 96 22.8 12.5 54 97.5 100 96 0.658 0.489 41 0.01 92 132 2460 1599 8 7.1 DNA DNA DNA
PASSED LETHALITY, failed both sub-lethal endpoints. NEED DETAILS OF FATHEAD TESTS and 
control.

12/4/2001 100 90 96 20.5 0 0 97.5 55 41 0.728 0.403 0 0.01 96 80 2100 1365 8 4.9 DNA DNA DNA
FAILED 3 or 4, including lethality for FM.  NOTE at the 3rd LOWEST TDS recorded for the POR. NOT 
TDS RELATED. REVIEW THE DETAILS of Reference.

3/26/2002 90 100 96 19.8 18.4 96 100 62.5 72 0.632 0.36 72 0.01 120 72 2170 1411 8.3 4.3 DNA DNA DNA ALL PASSED but FM sub-lethal,  not appear to be TDS related. Chech test details.NOTE DO swings

6/25/2002 80 100 96 26.6 16.1 96 92.5 92.5 96 0.453 0.505 96 0.01 64 108 2570 1671 8 4.5 DNA DNA DNA

ALL PASSED, NOTE THE RANGE BETWEEN CNLT REPO AND 96% repo. ( 10.5 but not statistically 
different). Conductivity & TDS lowest of those recorded , not appear to be TDS related. Chech test 
details.NOTE DO swings

7/6/2002 na na na na na na 100 90 96 0.783 0.5 41 0.1 68 72 ??????? 7.8 4 DNA DNA DNA FATHEAD RETEST summary PAGES not report data in 96% dilution

9/23/2002 100 100 96 18 7.1 0 na na na na na na 2170 1411 8.1 7.8 DNA DNA DNA NASO4 spiked study ??????????

12/16/2002 100 100 96 22.1 11.4 30 87.5 100 96 0.81 0.848 96 0.01 52 72 2700 1755 8.1 4 DNA DNA DNA Passed 3 of 4. CD repro see details of tests results.Check stats & reference performance).

2/4/2003 100 90 96 17 22.9 72 100 60 96 0.633 0.328 96 < 0.1 156 76 3200 2080 8.1 7 DNA DNA DNA

PASSED ALL ENDPOINTS. Note the cntl repro compaired to subsequent tests. The 
critical dilution repro doesn't really change with conductivity but is found to be 
significantly diff from controls.

6/17/2003 100 100 96 23 22.9 72 82 96 96 0.932 1 96 < 0.01 112 56 2650 1723 7.9 7.2 DNA DNA DNA

PASSED ALL ENDPOINTS. Note the cntl repro compaired to subsequent tests. The 
critical dilution rreoro doesn't really change with conductivity but is found to be 
significantly diff reom controls.

9/9/2003 100 100 96 17.5 17.5 96 92.5 97.5 96 0.49 0.45 96 < 0.01 60 132 2100 1365 7.6 7.6 DNA DNA DNA
PASSED ALL ENDPOINTS note  CD cntl reduced. Conductivity greater than others 
that failed. Check daily reporduction

12/9/2003 80 80 96 16.4 17 72 100 90 96 0.405 0.415 72 < 0.01 156 100 2980 1937 8 4.7 DNA DNA DNA
PASSED ALL ENDPOINTS note  CD cntl reduced. Conductivity greater than others 
that failed. Check daily reporduction

1/20/2004 100 100 96 26.6 21.9 0 97.5 92.5 96 0.495 0.418 96 < 0.01 112 112 2370 1541 8.2 4.1 DNA DNA DNA

PASSED ALL END POINTS  but Cd reproduction 22 from 41-96% effluent, break point 
at 30 %. NOTE conductivity lowest of any subsequent even in those that passed. 
REVIEW DAILY INDIVIDUAL DETAILS

5/4/2004 100 100 96 28.9 14.7 30 92.5 97.5 96 0.44 0.585 96 < 0.01 80 124 3580 2327 7.2 5.9 257 1020 2072

PASSED ALL END POINTS  but Cd reproduction Note conductivity and cntl repro 
(28.9) 14.7 in critical dilution. Breakpointbetween 54 and 41%. Need to review daily 
records for individual repro characteristics.

8/16/2004 100 90 96 24.6 14.9 54 na na na na na na < 0.01 84 40 4380 2847 7.8 7.4 238 1230 2866

Control failure FM. CD passed lethality but failed  repro at critical dilution. Cnt repo 
lowest demonstrated over POR Note: low DO, conductivity & est TDS highest to date  ( 
CHECK TO CONTROL CHARTS)

9/14/2004 0 0 0 0 0 0 97.5 100 96 0.588 0.793 96 < 0.1 76 48 4160 2704 5.3 8 345 1400 2756 test replaced previous failure note conductivuty

12/7/2004 100 100 96 25.2 24.1 96 97.5 97.5 96 0.845 0.853 96 < 0.1 92 52 3280 2132 7.6 7.4 305 1060 2008 PASSED ALL. NOTE: Repro in 100% 21.6. NOTE:  Conductivity greater with no effect

2/28/2005 90 100 96 33.6 25.3 0 100 100 96 0.555 0.53 96 < 0.01 72 48 3140 2041 13 7.9 5.1 206 928 1974

Passed all but  Cd reproduction. 25neonates in critical dilution. Controls tight. Stats. 
ALSO: the conductivity lsee than past or future yet diff in lowest dilition same a critical 
dilution.

5/17/2005 100 70 96 26 17.7 0 87.5 90 96 0.46 0.41 96 < 0.01 156 56 3360 2184 15 8 3.8 515 720 2296
Passed 3of 4, failed CD repo. Note Cd reproduction less than lowest dilution. Also, 
TDS lower than subsequent test with less response. NOTE DO 3.8

9/12/2005 100 100 96 24.5 16.9 41 97.5 92.5 96 0.793 0.605 30 < 0.01 92 44 3470 2256 18 7.8 5.5 DNA 1378 DNA
Failed FH groth in addition to CD repo. Note decreased DO, also the cond  350 less 
than 3rd qt 05 test

11/7/2005 100 100 96 23.7 14.8 54 95 82.5 96 0.87 0.62 72 < 0.01 92 80 3820 2483 11 8.3 8.3 210 1304 2604  Passed 3 of 4 endpoints.CD dose response typical.  Failed 1 of 4 endpoints. 

2/28/2006 --- --- --- --- --- --- 100 100 96 0.678 0.697 96 80 48 4120 2678 15 7.9 5.8 171 1886 2848
 PASSED both endpoints, Fathead minnow only, Water flea test invalid due to control 
failure

3/28/2006 90 60 96 21.6 18.8 96 --- --- --- --- --- --- 110 104 4060 2639 15 8.3 7.7 DNA 1100 DNA

 PASSED both endpoints, water flea only, replacement test for previous month invalid 
test

6/6/2006 100 100 96 27.6 10.8 30 100 100 96 0.52 0.574 96 116 64 3930 2555 39 8 6.8 868 1238 2374  Passed 3 of 4 endpoints.CD dose response typical but reported as failure.

8/21/2006 100 40 72 20.7 19.9 72 100 100 96 0.85 0.93 96 168 40 4240 2756 29 7.7 6.1 DNA 1183 2376
Passed 3 of 4 in 96% effluent, lethality failed in 96 % effluent but passed in the next 
dilution of series 72%

Pimephales promelas (Fathead Minnow) MaximumCeriodaphnia dubia (Water Flea)



9/18/2006 100 80 96 20.6 12.4 54 116 48 3640 2366 34 7.8 7.2 DNA 717 1848

10/24/2006 100 100 96 19.2 20.2 96 104 56 3350 2178 28 8.1 7.4 DNA DNA DNA

11/14/2006 100 100 96 20.5 17.3 72 104 76 3410 2217 21 8.2 7.1 DNA 991 2242

12/11/2006 100 80 96 18.9 18.3 96 100 97.5 96 0.58 0.708 96 88 72 3060 1989 22 8.1 7 DNA 690 1162

2/27/2007 100 0 41 24.3 0 0 100 100 96 0.65 0.85 96 < 0.01 108 44 2900 1885 33 7.9 6.2 DNA 655 1768  Passed fathead minnow    Failed Water flea

3/27/2007 100 30 72 28 18.1 30 < 0.01 128 52 4610 2997 36 7.9 7.6 DNA 1366 1946
CD RETEST Passed water flea lethality, failed repo. Note TDS 1000 more than Feb 
2008 but still passed lethality. Lethality not TDS ( mineral) related.

4/24/2007 90 60 96 23.8 11 41 < 0.01 144 32 3930 2555 28 7.8 7.4 DNA 1031 1460
CD RETEST  Note TDS 1000 more than Feb 2008 but still passed lethality. Lethality 
not TDS ( mineral) related.

5/15/2007 100 100 96 22.2 19.3 96 < 0.01 140 76 3650 2373 28 7.4 7.4 DNA 910 2152
PASSED BOTH ENDPOINTS Note TDS 1000 more than Feb 2008 but still passed 
lethality. Lethality not TDS ( mineral) related 

6/12/2007 100 70 96 26.5 18.6 30 87.5 97.5 96 0.785 0.76 96 < 0.01 146 52 4030 2620 23 7.8 6.9 DNA 1089 1956
Passed 3 of 4 endpoints. Passed CD lethality and Fathead Lethality & growth. Note 
high conductivity. Reproduction 13.6 in 96%

8/21/2007 100 80 96 19.5 17.4 96 100 100 96 0.66 0.69 96 < 0.01 112 72 3610 2347 13 8 7.3 DNA 895 2660
PASSED ALL ENDPOINTS Note TDSmore than Feb 2008 but still passed lethality. 
Lethality not TDS ( mineral) related 

11/6/2007 100 100 96 18.1 16.7 96 100 100 96 1.06 1.23 96 < 0.01 132 60 4030 2620 24 8 7.3 --- 1171 ---
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  Note TDS more than 
Feb 2008 but still passed lethality. Lethality not TDS ( mineral) related 

2/19/2008 100 100 96 17.5 16.6 96 100 100 96 1.023 1.013 96 < 0.01 96 52 2600 1690 0 7.9 7.7 --- 651 1672
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  NO EFFECTS 
EITHER END POINT

4/22/2008 100 100 96 23.9 23 72 100 97.5 96 0.723 0.855 96 < 0.01 78 76 3030 1970 13 8.1 7.3 196 871 1958
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  NO EFFECTS 
EITHER END POINT

7/15/2008 100 90 96 18 18.4 96 100 87.5 96 0.545 0.488 96 < 0.01 82 84 3280 2132 25 7.4 5.2 178.8 1011 2242
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  NO EFFECTS 
EITHER END POINT

10/20/2008 90 80 96 21.3 21.5 72 100 100 96 0.915 1.13 96 57-68 34-52 3520 2288 7.9 8.2 169 1232 2374
Passed 3 of 4 endpoints. Passed CD lethality and Fathead Lethality & growth. Note 
high conductivity. Reproduction 10.9 in 96%

2/16/2009 90 100 96 19.1 4.3 30 97.5 97.5 96 0.665 0.684 96 68-90 32-44 3280 2132 8 8.2 1247 1085 2348
Passed 3 of 4 endpoints. Passed CD lethality and Fathead Lethality & growth. Note 
high conductivity. Reproduction 2.2 in 96% . NOEC down to 30% effluent

5/12/2009 100 100 96 21.9 21.8 96 90 97.5 96 0.715 1.0738 96 56-64 48-60 2940 1911 8.1 106 597 1536
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  NO EFFECTS 
EITHER END POINT

7/20/2009 80 90 96 20.5 18 72 97.5 100 96 0.755 0.91 96 76-84 36-60 2960 1924 4.7 144.8 1060 2102
PASSED ALL ENDPOINTS  including Cd repo in 72% effluent.  NO EFFECTS 
EITHER END POINT

11/16/2009 90 100 96 19.2 17.8 96 100 100 96 0.868 0.818 96 60-80 36-80 2420 1573 7.8 7.7 215.4 934 1322
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  NO EFFECTS 
EITHER END POINT

2/16/2010 100 100 96 20.3 2.8 30 95 100 96 1.02 0.978 96 64-72 68-100 2720 1768 7.4 7.9 299.3 660.9 1606
PASSED 3 of 4 ENDPOINTS, failed  Cd repo in 96% effluent.  TDS measures in 
100% 1854mg/L, NH3 at 0.48. 

4/12/2010 90 80 96 17.5 16.1 96 100 87.5 96 0.82 0.73 96 80-92 68-84 3240 2106 8.1 7.7 324.4 846.9 2204
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  NO EFFECTS 
EITHER END POINT

5/18/2010 90 70 96 16.4 11.6 41 invalid test invalid test invalid test invalid test invalid test invalid test 108-208 60-80 3290 2139 8.1 7.2 348.5 907 2226

 Cd only,PASSED lethlity  ENDPOINTS but with non-does response curve, 
indicative of questionalble org…, Cd repo  41% effluent.   Minnow invalid due to 
only 45% survival---TDS measures in 100% 2190mg/L, NH3 at <0.25mg/L. 

6/15/2010 90 100 96 20.5 16.5 72 92.5 92.5 96 0.6 0.062 96 64-92 40-80 2980 1937 8.2 7.7 227.4 893.1 2080
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  NO EFFECTS 
EITHER END POINT.non-dose response in lower dilutions. Measured tDS = 2080mg/L

7/13/2010 100 90 96 25.6 21.7 72 87.5 97.5 96 0.428 0.443 96 80-92 56-70 3030 1970 8 7 300 931.6 2130
PASSED ALL ENDPOINTS  including Cd repo in 96% effluent.  NO EFFECTS 
EITHER END POINT.non-dose response in lower dilutions. Measured tDS = 2130mg/L

8/16/2010 100 90 96 21.6 17.5 72 80 90 96 0.395 0.603 96 60-68 32-68 3300 2145 7.2 6 255 1590 2330

Passed 3 of 4 in 96% effluent, sub-lethal NOEC at 72%. Note ph and DO ( atypical 
for discharge), also, ref tox for August has ic25 for repo at lowe control limits 
indicating sensitive culture condition.

9/21/2010 100 100 96 15 16.7 96 -- -- -- -- -- -- 56-72 44-64 2670 1736 8.1 7.7 217.3 1096 2,298
 Cd only---PASSED both ENDPOINTS, Cd repo  96% effluent.  TDS measures in 
100% 2190mg/L, NH3 at <0.25mg/L. 

= Note worthy data



Appendix C-2 
Water Quality Data  

April 2009-Sept 2010 



 Table C-2. Water quality of Lion Outfall 001, collected as part of Supplimetal data characterization POR April 2009- September 2010.

Station Date Time
Flow 
(cfs)

Temp 
(°C)

DO 
(mg/L)

S.Cond 
(µS) pH (su)

Turb. 
(ntu)

Alkalinity 
CaCO3 
(mg/L)

TDS 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

TSS 
(mg/L)

Total 
Hardness 

(as CaCO3) 
mg/L

001 4/17/2009 815 3.54 24.1 6.7 3880 7.7 2.7 75.9 2940 -- -- 2.0 --
001 6/3/2009 1400 2.97 -- -- -- -- -- 47.7 2510 -- -- 2.5 --
001 11/18/2009 1200 3.94 14.6 9.6 981 8.7 15.1 91.8 1340 -- -- 17.5 --
001 2/16/2010 1010 2.92 14.5 9.8 2307 7.8 5.6 57.1 1560 -- -- 8.0 --
001 4/13/2010 1235 3.35 22.2 8.5 3053 7.9 4.6 72.7 2120 379 1030 3.5 87
001 5/18/2010 1350 1.86 24.6 7.2 2974 8.1 3.9 58.4 2120 291 860 4.5 84
001 6/15/2010 1140 3.77 28.8 6.4 2184 7.9 1.9 37.6 1550 16.4 65.2 1.0 68
001 7/13/2010 1200 3.87 26.0 8.9 2923 7.7 33.1 61.7 2130 243 869 1.0 88
001 8/17/2010 1300 3.87 16.4 7.6 3135 7.7 2.1 35.2 1940 205 1100 1.0 65
001 9/21/2010 1025 2.56 25.6 5.9 2433 7.0 1.5 54.6 1690 206 1090 4.0 57

** calculated from dissolved 

Average 3.3 21.9 7.8 2652.2 7.8 7.8 59.3 1990.0 223.4 835.7 4.5 74.8
Min 1.9 14.5 5.9 981.0 7.0 1.5 35.2 1340.0 16.4 65.2 1.0 57.0
Max 3.9 28.8 9.8 3880.0 8.7 33.1 91.8 2940.0 379.0 1100.0 17.5 88.0
n 10.0 9.0 9.0 9.0 9.0 9.0 10.0 10.0 6.0 6.0 10.0 6.0
Stdev 0.7 5.3 1.4 810.7 0.4 10.3 17.4 485.3 120.5 391.8 5.0 13.2
Median 3.4 24.1 7.6 2923.0 7.8 3.9 57.8 2030.0 224.5 949.5 3.0 76.0



 Table C-3. Water quality of Louter Creek   LC-3) down stream of Outfall 001 discharghe.POR April 2009 through September 2010.

Station Date Time
Flow 
(cfs)

Temp 
(°C)

DO 
(mg/L)

S.Cond 
(µS) pH (su)

Turb. 
(ntu)

Alkalinity 
CaCO3 
(mg/L)

TDS 
(mg/L)

TSS 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

Total 
Hardnes

s (as 
CaCO3) 

mg/L
LC-3 4/16/2009 1530 5.33 26.0 8.6 3570 7.6 5.1 78.3 2500 8.9 -- -- --

LC-3D 4/16/2009 1535 5.33 26.0 8.6 3570 7.6 5.1 76.8 2400 3.0 -- -- --
LC-3 6/3/2009 925 4.11 27.2 8.5 2994 8.0 6.1 46.9 2250 11.5 -- -- --
LC-3 11/18/2009 1250 3.98 19.7 8.7 1946 9.1 17.2 81.2 113 16.0 -- -- --
LC-3 2/16/2010 1400 6.73 15.2 10.4 1900 7.5 27.3 50.3 1030 41.5 -- -- --
LC-3 4/13/2010 1230 4.04 25.6 9.8 2627 7.7 10.1 68.7 1530 10.0 336 845 84

LC-3D 4/13/2010 1230 4.04 25.6 9.8 2627 7.7 10.1 69.2 1780 9.5 327 825 83
LC-3 5/18/2010 1300 2.44 25.5 8.7 2429 8.1 7.1 57.4 1680 10.0 254 677 85

LC-3D 5/18/2010 1300 2.44 25.5 8.7 2429 8.1 7.1 56.9 1670 11.0 279 737 84
LC-3 6/15/2010 1155 3.31 29.3 7.5 1946 7.9 6.7 45.1 1310 8.0 178 629 67
LC-3 7/13/2010 1300 5.00 27.5 7.2 2587 7.6 5.2 58.6 1850 10.5 231 768 80
LC-3 8/17/2010 1040 5.00 26.0 8.1 3032 7.6 3.4 39.1 1740 9.5 194 986 66
LC-3 9/21/2010 1115 4.12 25.9 7.1 2255 7.7 5.7 55.1 1430 6.5 202 943 58

Average 4.3 25.0 8.6 2608.6 7.9 8.9 60.3 1637.2 12.0 250.1 801.3 75.9
Min 2.4 15.2 7.1 1900.0 7.5 3.4 39.1 113.0 3.0 178.0 629.0 58.0
Max 6.7 29.3 10.4 3570.0 9.1 27.3 81.2 2500.0 41.5 336.0 986.0 85.0
n 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 8.0 8.0 8.0
Stdev 1.2 3.6 1.0 558.8 0.4 6.5 13.5 621.4 9.3 60.0 123.7 10.5
Median 4.1 25.9 8.6 2587.0 7.7 6.7 57.4 1680.0 10.0 242.5 796.5 81.5



Table C-4. Water Quality of Loutre Creek ( LC-4) up stream of Bayou de Loutre.  POR April 2009 to September 2010.

Station Date Time
Flow 
(cfs)

Temp 
(°C)

DO 
(mg/L)

S.Cond 
(µS) pH (su)

Turb. 
(ntu)

Alkalinity 
CaCO3 
(mg/L)

TDS 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

TSS 
(mg/L)

Total 
Hardness 

(as CaCO3) 
mg/L

LC-4 4/16/2009 1715 4.72 24.1 7.6 3250 7.3 7.3 70 2270 -- -- 9.5 --
LC-4 6/3/2009 1245 3.53 27.4 8.1 3087 7.8 6.6 46.9 2270 -- -- 10.5 --
LC-4 11/18/2009 1115 4.53 16.6 8.5 1683 9.4 11.0 77.7 1390 -- -- 9.5 --
LC-4 2/16/2010 1230 6.80 12.1 10.7 1750 7.4 12.8 52.2 1040 -- -- 14.7 --

LC-4D 2/16/2010 1235 6.80 12.1 10.7 1750 7.4 12.8 50.8 960 -- -- 13.1 --
LC-4 4/13/2010 1045 6.37 21.1 8.0 2600 7.5 12.3 73.7 1840 339 856 13.0 82
LC-4 5/18/2010 1040 2.48 23.0 6.9 2351 7.5 7.8 57.9 1650 283 719 8.0 84
LC-4 6/15/2010 1050 5.40 27.1 5.3 1825 7.8 7.0 61.9 1260 166 609 3.5 66
LC-4 7/13/2010 1100 3.19 27.0 6.6 2577 7.6 13.8 63.2 1830 215 757 13.5 88

LC-4D 7/13/2010 1100 3.19 27.0 6.6 2577 7.6 13.8 62.2 2000 219 778 17.5 89
LC-4 8/17/2010 1140 3.19 25.5 8.1 2806 7.5 10.4 47.9 1720 185 870 12.5 67
LC-4 9/21/2010 1150 3.28 24.4 9.1 2230 7.8 5.7 56.1 1510 196 947 9.5 57

LC-4D 9/21/2010 1150 3.28 24.4 9.1 2230 7.8 5.7 56.6 1530 195 1010 9.0 59

** calculated from dissolved 

Average 4.4 22.4 8.1 2362.8 7.7 9.8 59.8 1636.2 224.8 818.3 11.1 74.0
Min 2.5 12.1 5.3 1683.0 7.3 5.7 46.9 960.0 166.0 609.0 3.5 57.0
Max 6.8 27.4 10.7 3250.0 9.4 13.8 77.7 2270.0 339.0 1010.0 17.5 89.0
n 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 8.0 8.0 13.0 8.0
Stdev 1.5 5.5 1.6 515.9 0.5 3.2 9.6 414.7 57.7 129.0 3.5 13.2
Median 3.5 24.4 8.1 2351.0 7.6 10.4 57.9 1650.0 205.5 817.0 10.5 74.5



Table C-5. Water Quality of Bayou de Loutre  upstream of mouth of Loutre Creek. POR April 2009 through September 2010. Lion Oil supplimental rept.

Station Date Time
Flow 
(cfs)

Temp 
(°C)

DO 
(mg/L)

S.Cond 
(µS) pH (su)

Turb. 
(ntu)

Alkalinity 
CaCO3 
(mg/L)

TDS 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

TSS 
(mg/L)

Total 
Hardnes

s (as 
CaCO3) 

mg/L
BDL-1 4/16/2009 1725 2.71 23.4 8.0 473 7.3 9.0 56.9 260 -- -- 5.0 --
BDL-1 6/3/2009 1630 0.95 29.4 4.7 362 7.6 23.5 72.3 268 -- -- 10.7 --
BDL-1 11/18/2009 1040 3.52 13.5 7.4 605 9.2 23.2 65.7 348 -- -- 7.5 --
BDL-1 2/16/2010 1200 4.44 6.1 11.8 476 7.2 21.1 52.2 228 -- -- 4.0 --
BDL-1 4/13/2010 1100 1.19 17.5 5.3 707 7.1 24.6 109.0 392 168.0 11.30 23.3 100
BDL-1 5/18/2010 1135 1.80 23.8 5.5 582 7.6 18.4 166.0 352 96.6 4.99 10.0 80
BDL-1 6/15/2010 1015 2.05 27.1 4.3 672 7.5 24.1 93.6 336 144.0 8.28 14.7 88
BDL-1 7/13/2010 1140 1.73 27.0 6.0 595 7.4 17.4 152.0 412 105.0 9.50 17.3 72
BDL-1 8/17/2010 1210 1.73 27.4 5.2 485 7.5 8.2 182.0 252 41.9 3.68 10.0 19
BLD-1 9/21/2010 1215 1.26 26.0 5.1 490 7.8 6.9 177.0 288 66.7 3.17 7.0 31

** calculated from dissolved 

Average 2.1 22.1 6.3 544.7 7.6 17.6 112.7 313.6 103.7 6.8 11.0 65.0
Min 1.0 6.1 4.3 362.0 7.1 6.9 52.2 228.0 41.9 3.2 4.0 19.0
Max 4.4 29.4 11.8 707.0 9.2 24.6 182.0 412.0 168.0 11.3 23.3 100.0
n 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 6.0 6.0 10.0 6.0
Stdev 1.1 7.5 2.2 105.4 0.6 7.0 52.0 63.0 46.9 3.3 6.0 32.6
Median 1.8 24.9 5.4 536.0 7.5 19.8 101.3 312.0 100.8 6.6 10.0 76.0



Table C-6. Summary of Water quality data from Bayou de Loutre downstream of mouth of Loutre Creek. POR April 2009 to September 2010.

Station Date Time
Flow 
(cfs)

Temp 
(°C)

DO 
(mg/L)

S.Cond 
(µS) pH (su)

Turb. 
(ntu)

Alkalinity 
CaCO3 
(mg/L)

TDS 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

TSS 
(mg/L)

Total 
Hardness 

(as CaCO3) 
mg/L

BDL2 4/16/2009 1350 7.19 21.4 8.6 2210 7.2 8.5 63.7 1460 -- -- 6.0 --
BDL-2 6/3/2009 1500 4.07 27.9 7.8 2483 7.9 12.5 53.7 1830 -- -- 13.5 --
BDL-2 11/18/2009 1013 9.61 15.1 1.2 8210 8.2 17.1 72.0 970 -- -- 11.0 --

BDL-2D 11/18/2009 1013 9.61 15.1 1.2 8210 8.2 17.1 71.7 900 -- -- 10.0 --
BDL-2 2/16/2010 1145 10.89 9.0 11.1 1281 7.4 14.1 52.7 690 -- -- 8.0 --
BDL-2 4/13/2010 1015 5.63 19.7 7.7 2058 7.2 16.7 84.2 1360 262 548 16.0 89
BDL-2 5/18/2010 1210 4.25 24.0 6.4 1593 7.7 16.3 113.0 1060 186 371 14.7 90
BDL-2 6/15/2010 945 5.39 27.0 6.0 1411 7.4 13.7 151.0 930.0 159 386 11.0 76
BDL-2 7/13/2010 1040 5.24 27.0 7.0 1813 7.1 16.2 96.6 1190 184 511 15.0 80
BDL-2 8/17/2010 1230 4.77 26.7 7.4 2010 7.1 11.0 94.9 1110 136 590 11.0 59

BDL-2D 8/17/2010 1230 4.77 26.7 7.4 2010 7.1 11.0 90.0 1190 135 636 14.5 50
BDL-2 9/21/2010 1235 4.89 25.3 7.1 1650 7.8 8.4 95.3 1090 156 653 9.0 49

Average 6.4 22.1 6.6 2911.6 7.5 13.5 86.6 1148.3 174.0 527.9 11.6 70.4
Min 4.1 9.0 1.2 1281.0 7.1 8.4 52.7 690.0 135.0 371.0 6.0 49.0
Max 10.9 27.9 11.1 8210.0 8.2 17.1 151.0 1830.0 262.0 653.0 16.0 90.0
n 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 7.0 7.0 12.0 7.0
Stdev 2.4 6.1 2.8 2497.7 0.4 3.3 27.5 297.6 43.8 113.0 3.1 17.6
Median 5.3 24.7 7.3 2010.0 7.4 13.9 87.1 1100.0 159.0 548.0 11.0 76.0



Appendix C-3 
Dissolved Mineral by Date and Location  

 
 































































































Appendix D 
GRI STR Modeling Results  
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Lion Oil STR Results 
 
L001 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              98.7      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              97.1      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              97.6      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              96.1      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              98.9      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              98.6      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              96.7      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
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L001b 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              98.7      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              96.9      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              97.5      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              96.0      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              98.9      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              98.6      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              96.7      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
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LC4 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              98.9      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              97.6      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              97.8      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              96.4      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              98.9      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              98.6      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              96.8      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
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LC4b 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              99.5      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              98.8      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              98.2      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              97.3      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              99.1      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              98.9      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              97.4      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
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BDL-6 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              99.7      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              99.2      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              98.5      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              97.6      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              99.2      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              98.9      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              97.0      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
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BDL6b 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              99.8      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              99.5      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              98.7      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              97.9      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              99.2      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              99.0      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              97.2      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
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BDL-LA 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              99.7      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              99.4      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              98.5      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              97.6      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              99.2      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              98.9      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              96.6      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
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BDL-LAb 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              99.8      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              99.4      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              98.6      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              97.7      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              99.2      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              98.9      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              96.7      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
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Double –non-WQS 
╔═════════════════════════════════════════════════════════════════════════════╗ 
║                            GRI-FW STR (TM) Program                          ║ 
║                                 Version 1.02                                ║ 
╚═════════════════════════════════════════════════════════════════════════════╝ 
╔══════════════════  PREDICTED LC50s FOR THE TEST SOLUTION  ═══════════════════╗ 
║                                                                              ║ 
║                           LC50               LC50           Predicted % Surv ║ 
║                        Conc. (ppm)      % of Solution       in 100% Solution ║ 
║                       -------------     ---------------     ---------------- ║ 
║  Ceriodaphnia 24h:    Cannot Calc         Cannot Calc              97.4      ║ 
║  Ceriodaphnia 48h:    Cannot Calc         Cannot Calc              94.1      ║ 
║                                                                              ║ 
║  Daphnia 24h:         Cannot Calc         Cannot Calc              96.7      ║ 
║  Daphnia 48h:         Cannot Calc         Cannot Calc              94.4      ║ 
║                                                                              ║ 
║  Fathead Minnow 24h:  Cannot Calc         Cannot Calc              98.6      ║ 
║  Fathead Minnow 48h:  Cannot Calc         Cannot Calc              98.1      ║ 
║  Fathead Minnow 96h:  Cannot Calc         Cannot Calc              95.6      ║ 
║                                                                              ║ 
║  Press any key to continue...                                                ║ 
║                                                                              ║ 
║                                                                              ║ 
║                                                                              ║ 
╚══════════════════════════════════════════════════════════════════════════════╝ 
 



Appendix E 
Water Quality Basis for Artificial Matrix  



Water quality Lion 2160-09-070

7/15/2009
Measurement Lion 001 LC-4 BDL-2 BDL-3 BDL-6 BDL-LA 001 LC-4 BDL -2 BDL -6 BDL-LA

Field Crew
Time 1405 1430 1530 1545 1400 1315
Chloride 212 191 190 191 160 176 256 264 160 160
Fluoride <0.500 <0.500 <0.500 <0.500 <0.500 <0.500
Sulfate 1060 1010 997 981 461 157 997 635 345 171
Nitrate- N 9.38 8.71 8.45 8.49 <0.500 <0.500
Nitrite- N <0.500 <0.500 <0.500 <0.500 <0.500 <0.500
Hardness 86 84 82 88 58.3 66.6
Aluminum 0.252 0.29 0.216 0.227 0.216 0.095
Arsenic <0.050 <0.050 <0.050 <0.050 <0.050 <0.050
Barium 0.142 0.127 0.128 0.131 0.088 0.093
Boron 0.245 0.246 0.24 0.239 0.196 0.131
Cadmium <0.008 <0.008 <0.008 <0.008 <0.008 <0.008
Calcium 17.3 18.2
Chromium <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Copper <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Iron 0.121 0.257 0.473 0.49 1.1 0.995
Lead <0.022 <0.022 <0.022 <0.022 <0.022 <0.022
Magnesium 3.64 5.13
Manganese 0.047 0.05 0.1 0.102 1.11 5.29
Nickel <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Potassium 9.71 9.73 8.95 9.32 9.42 15.9
Selenium <0.081 <0.081 <0.081 <0.081 <0.081 <0.081
Silicon 7.65 7.78 7.47 7.52 3.36 1.43
Sodium 615 559 552 574 311 201
Zinc 0.028 0.018 0.013 0.013 0.009 <0.005
Ammonia- N <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Specific conductance 3030 2860 2770 2780 1760 1210
Total dissolved solids 2000 1900 1900 1800 1100 750 1756 1236 780 350
Total organic carbon 8.32 8.06 8.29 8.27 11.1 25.5
Total Alkalinity 34 42 43 40 131 189
Total Suspended Solids 6 20 8.8 8 5.6 7.6
Bicarbonate alkalinity 34 42 43 40 131 189
Carbonate Alkalinity <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Total inorganic carbon 8.02 8.09 9.84 9.8 33.4 46.3

SKH/REM

TARGET DISSOLVED MINERAL CONCENTRATIONS
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Sulfate Comparison
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Nitrate Comparison
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Aluminum Comparison
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Barium Comparison
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Iron Comparison
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Manganese Comparison
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Potassium Comparison
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Silicon Comparison
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Sodium Comparison

0

100

200

300

400

500

600

700

Lion 001 LC-4 BDL-2 BDL-3 BDL-6 BDL-LA

Sample Sites

So
di

um
 (m

g/
L)

Sodium



Specific Conductance Comparison
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Total Dissolved Solids Comparison
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Appendix F 
Artificial Matrix Developed Chemistry   

 























































Appendix G 
WET Test Results of Artificial Matrix 



































































































































































































































































Appendix G 
References 
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