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Background 
 

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

informed 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 El Dorado Chemical Company (EDCC).  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 in-stream 

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 ADEQ 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 
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further evaluation of the potential for in stream 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; 

 
2. Task 2.  Additional chronic WET testing on a simulated effluent and other 

water samples developed to mimic the receiving stream segments 

downstream of the discharge from EDCC which were the subject of the 3rd 

party rulemaking and approved by ADEQ and the Commission. 

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

at the concentrations adopted by the ADEQ rulemaking. 

 

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 Attachment 

B. 

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

during the conference call, it was determined that the following tasks would be 

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

of the receiving streams. 

 

Objective 
 

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

documentation addressing issues identified by EPA as deficiencies stipulated in the 

Dissolved Mineral ROD related to the potential for instream toxicity.  
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Tasks 
 

The proposed tasks include:  

 
1. develop additional information through an updated literature review on 

dissolved mineral toxicity; 
 

2. conduct additional WET testing utilizing spiked samples to simulate the 
concentrations proposed in the rulemakings; and 

 
3. complete modeling using GRI model.  

 

Task1. Develop additional information through an updated literature review of 
dissolved mineral toxicity information  

 
The current scientific literature related to the toxicity of dissolved minerals will be 

reviewed with a focus on Cl, SO4 and TDS. The research will indicate a range of 

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

research data will be compared to the criteria approved by ADEQ and the Commission.  

The goal of this task is to supplement the information presented during the 

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

toxicity.  

The potential for toxicity associated with the concentrations adopted in the recent 

rulemaking were evaluated in light of the current scientific literature.  

 
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 EDCC 3rd party rulemaking are supportive of the receiving 

stream aquatic communities. 
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Arkansas Dissolved Mineral implementation Strategy 
 

The Arkansas Department of Environmental Quality (ADEQ), 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.   

This “blanket application” of ecoregion dissolved mineral criteria created 

numerous streams that 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.  
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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 EDCC rulemaking demonstrating that the concentrations approved in the EDCC 

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: 1600 mg/L (Holly Creek – ALCOA rulemaking). 

 

In comparison, the dissolved mineral criteria approved by ADEQ in the EDCC 3rd 

party rulemaking are a fraction of these maximums and represent the mid-range 

concentrations of those previously approved. The ranges of dissolved mineral criteria 

approved in the EDCC rulemaking are: 

 
• Chloride: 23 to 360 mg/L, 

• Sulfate: 67-125 mg/L,  

• TDS: 315-855mg/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 

above that approved by ADEQ (but EPA has yet to approve) in 2 of the 4 reaches in the 
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EDCC rulemaking.  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 and sulfate at > 300 mg/L and larval fish toxicity at 860 

mg/L chloride and >1000mg/L for sulfate.  These larval fish toxicity values are above the 

EDCC 3rd party ADEQ approved values.  

 
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 

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

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

concentrations, the IDNR has developed and proposed to the EPA a new approach 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  

 

Applying this equation and using the Gulf Coastal Plain ecoregion background 

criteria of 18.7 (chloride) and 41.3mg/L (sulfate), the chronic criteria would be 426 mg/L 

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

approved by ADEQ in the EDCC 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 100mg/L, the sulfate criteria 

would vary between 1,043 mg/L (assuming the ecoregion background concentration of 

20 mg/L) and 840 mg/L (assuming the maximum of 360 mg/L chloride).  In the Gulf 

Coastal Plain where the water hardness is typically less than 100 mg/L, the INDR 

formula would result in a sulfate criterion of 500 mg/L regardless of the chloride 

concentration. The 500 mg/L criteria is four times the maximum value (125 mg/L) 

approved by ADEQ in the EDCC 3rd party rulemaking. 

 
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 
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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 (described above).  Therefore, they 

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

formula developed above (IDNR, 2009).  

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 3000 mg/L as long as  sodium sulfate comprise the 

majority of the TDS complex.(IDNR, 2009). 

 
Task 2. Conduct additional WET testing utilizing spiked samples to simulate the 

concentration of dissolved minerals approved by ADEQ in the in the 
EDCC 3rd party rulemaking   

 
Since the purpose of the additional WET testing is to demonstrate the ability of 

the approved criteria to support the aquatic life, the chronic WET tests were completed 

on a series of synthetic waters developed to mimic the dissolved mineral complex of the 

EDCC discharge and that of the three downstream segments as identified in the 3rd 

party rulemaking. The synthetic waters were developed to represent the maximum 

dissolved mineral concentrations of the EDCC outfall and of the downstream receiving 

segments based on the concentrations approved by ADEQ and the Commission in the 

EDCC 3rd party rulemaking. The synthetic waters were developed to target the sulfate, 

chloride and TDS concentrations approved by the ADEQ Commission.  Once the grab 
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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 EDCC Outfall 001 and 

each stream segment included: 

 
• Chloride,  

• Fluoride,  

• Sulfate,  

• Total dissolved solids, 

• Nitrite-N,  

• Bicarbonate alkalinity,  

• 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 
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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 Attachment C. 

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 composition of the synthetic waters and the compounds used to 

develop the synthetic waters are provided in Attachment D. 

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

parameters were recorded at the time of sample collection and flows were recorded. 

This data is summarized the Table 1 below. 

 

Results  
 
 The results of the toxicity testing on the synthetic waters developed to 
mimic the approved dissolved mineral criteria demonstrated that approved 
criteria are protective of the aquatic life communities.  

 
Water Quality of the Subject Reaches 

 
Water samples were collected from four locations within the Haynes Creek 

watershed on July 15, 2009 (Figure 1).  Table 1 summarizes the in-situ physicochemical 

parameters measures at the time of sample collection.   
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Figure 1.  Stream reaches and sample locations evaluated for development of synthetic dissolved 
mineral matrix representing stream segments included in 3rd party rulemaking for EDCC and 
Haynes Creek Watershed.  
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Table 1. Summary of in situ physicochemical parameters as measured  

during sample collection. 7/15/2009. 

7/15/2009 Study Reach 

Measurement 001 UTA Flat Haynes 

Time 820 900 945 1030 

Temperature, Co 28.8 26.7 27.5 28.2 

Dissolved Oxygen, mg/L 4.8 4 4.5 4 

Specific Conductance, uS 368 342 595 1606 

pH, su 8.72 7.59 7.51 7.42 

Turbidity, ntu 14.1 10.4 9.92 5.27 

 

The analytical composition of the ambient waters and the targeted sulfate, 

chloride and TDS concentrations are summarized in Table 2.  Attachment E provides 

the analytical results and includes figures illustrating the downstream contributions to 

the dissolved mineral complex. The upper reaches (Reaches just downstream of EDCC 

Outfall 001 and the unnamed tributary contribute small percentages of the dissolved 

mineral constituents compared to the two downstream reaches. This illustrates that the 

majority of the TDS complex in the Haynes Creek watershed are attributed to the 

downstream watersheds and are predominately sodium chloride. The downstream 

reaches receive contributions from watersheds which have historical and current oil and 

gas production fields.  
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Table 2. Water quality of ambient waters of the Haynes Creek Watershed as sampled on  7/15/2009. 

 
Analyses of samples 

 collected   
Targeted dissolved mineral 

concentrations* 
Measurement 001 UTA Flat Haynes 001 UTA Flat Haynes 

Chloride 28 25.2 100 485 23 16 165 360 
Fluoride <0.500 <0.500 <0.500 <0.500     
Sulfate 28.8 28.4 43.3 39 125 80 67 55 
Nitrate- N 0.637 4.14 1.85 1.85     
Nitrite- N 1.18 <0.500 <0.500 <0.500     
Hardness 38 34 60 164     
Aluminum 0.264 0.403 0.382 0.202     
Arsenic <0.050 <0.050 <0.050 <0.050     
Barium 0.057 0.066 0.126 0.287     
Boron <0.100 <0.100 0.124 0.319     
Cadmium <0.008 <0.008 <0.008 <0.008     
Calcium 10.9 10.5 18.2 47.2     
Chromium <0.020 <0.020 <0.020 <0.020     
Copper <0.005 <0.005 <0.005 <0.005     
Iron 0.181 0.396 0.817 0.57     
Lead 0.054 0.03 <0.022 <0.022     
Magnesium 2.75 2.96 5.05 12.4     
Manganese 0.138 0.073 0.089 0.09     
Nickel <0.010 <0.010 <0.010 <0.010     
Potassium 7 6.93 9.14 13.3     
Selenium <0.081 <0.081 <0.081 <0.081     
Silicon 4.45 4.65 2.16 1.47     
Sodium 57 60.5 102 239     
Zinc <0.005 <0.005 <0.005 <0.005     
Ammonia- N 2.93 <0.50 <0.50 <0.50     
Specific conductance 397 364 634 1710     
Total dissolved solids 230 240 370 960 475 315 560 855 
Total organic carbon 8.63 7.8 8.14 8.63     
Total Alkalinity 95 90 72 68     
Total Suspended Solids 11 8 6 6     
Bicarbonate alkalinity 89 90 72 68     
Carbonate Alkalinity 6 <5.0 <5.0 <5.0     
Total inorganic carbon 27.6 22.6 18.8 16.6     

* Targeted dissolved minerals as approved by ADEQ in the EDCC 3rd party rulemaking. 
 

A TMDL for Flat Creek watershed (and the adjacent Salt Creek watershed) was 

completed in 2003 (FTN, 2003). The TMDL supports that the unnamed tributary does 

not contribute significantly to the chloride, sulfate and TDS downstream in Flat and 

Haynes Creek.  The TMDL identified the Oil-Wasteland – Fluvaquent soil complex as 

dominating the watersheds comprising sixty percent of the mapped areas within the 
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watersheds. Although oil/gas extraction was not identified as a major land use of the 

watersheds, a large portion of the forest/wetlands areas were considered to have been 

impacted by this activity. That portion of the watershed was identified as 67 to 89% of 

the watersheds.  In addition, the TMDL indicated that were no point sources contributing 

to the loads in the TMDL watersheds. The TMDL identified non-point sources as past 

and present oil field exploration activities and urban runoff from the City of El Dorado.  

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 1500mg/L, 

500mg/L and 4,000 mg/L of chloride, sulfate, and TDS respectively 

(http://www.tceq.state.tx.us/assets/public/implementation/water/tmdl/32petronila/32-

petronilatmdlapproved.pdf). 

 
WET Tests Results 

 
The WET tests demonstrated that the approved dissolved mineral criteria 

are protective of the typical in stream aquatic life communities of the receiving 
streams for which the criteria were approved.  Table 3 provides a summary of the 

WET test results and the details of each test are provided in Attachment F.  The WET 

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

promelas) and the water flea (Ceriodaphnia dubia). 
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Table 3.  Results of the 7-day chronic WET tests completed on synthetic waters. 
ORGANISM Water Flea Fathead Minnow 
REACH 001 UTA Flat Haynes 001 UTA Flat Haynes 
ENDPOINT   
Survival NOEC 100 100 100 100 100 100 100 100 

Sub-lethal 
NOEC 100 100 50 25 100 100 100 100 
Percent 

survival in 
100% 90 90 100 100 94 94 94 96 

Sub-lethal  
100% 
Cnt. 

12.2 
16.6 

17.76 
18.2 

14 
15 

9 
15 

0.536 
0.378 

0.399 
0.378 

0.451 
0.378 

0.564 
0.378 

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 23/28 16/18 165/157 360/378 23/28 16/18 165/157 360 
Sulfate mg/L 125/109 80/80 67/61 55/51 125/109 80/80 67/61 55/51 
TDS mg/L 475/410 315/300 560/510 855/810 475/410 315/300 560/510 855/810 

 
 

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 percent. The growth endpoint of the 100% exposure 
surpassed the control growth in all tests.   

The water flea PASSED the survival endpoint in ALL reaches represented. 
The minimum survival in any single 100% exposure was 90%. The sub-lethal NOEC 

passed in 2 of the 4 tests. The two which passed were the outfall and the UTA synthetic 

exposures. 

The failures occurred in the Flat Creek and the Haynes Creek synthetic 

exposures.  The statistical differences in the control and the synthetic 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 with only 15 per 

female. The two synthetic waters that passed produced 17 and 18 per female.  The 

reduced neonate production in the Flat and Haynes synthetic waters impacted the 

determination of significance.  The impact of the variability in the control neonate 

production is additionally demonstrated in that although the neonate per female 
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production in the 100% exposure of the Outfall 001 synthetic waters was less that that 

produced in the Flat synthetic exposure (12.2 and 14 respectively), it was not 

significantly different that the control in that test which produced 16.6 neonates per 

female. 

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 WET tests demonstrate that the approved dissolved 

mineral criteria are supportive of the aquatic life in the stream reaches subject of the 

rulemaking. 

 
Task 3.  Complete Modeling Using GRI Salinity Model 
 

The toxicity potential of the adopted dissolved mineral criteria as presented in the 

3rd party rulemaking was determined using the salinity model developed by the Gas 

Research Institute. The model (A salinity/toxicity relationship 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 LC 50 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 EDCC 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 concentrations.  Additional modeling for each 

subsequent downstream segment was completed based on the ADEQ approved 

criteria.   
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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 EDCC 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. 

 
Results 

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

toxicity related to dissolved mineral concentrations at the concentrations 
approved by the EDCC 3rd party rulemaking.  Table 4 presents the model input data 

and Table 5 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 ADEQ Commission in the EDCC  3rd party rulemaking.  The print-outs of 

the individual model runs are provided in Attachment G.   
The GRI model failed to predict 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 Haynes Creek exposure and was 97.3 % 

survival, only a 2.7 percent lethality in 100% exposure. None of the model runs 

predicted significant lethality in any of the projected dissolved mineral combinations. 
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Table 4.  Dissolved mineral water quality of ambient waters in the Haynes Creek Watershed and the  
               target sulfate , chloride and TDS utilized in the GRI modeling  7/15/2009 

Dissolved minerals as measured in 
July 2009  

Targeted dissolved mineral 
concentrations Parameter 

001 UTA Flat Haynes 001 UTA Flat Haynes
Chloride 28 25.2 100 485 23 16 165 360 
Sulfate 28.8 28.4 43.3 39 125 80 67 55 
Hardness 38 34 60 164 -- -- -- -- 
Calcium 10.9 10.5 18.2 47.2 -- -- -- -- 
Magnesium 2.75 2.96 5.05 12.4 -- -- -- -- 
Manganese 0.138 0.073 0.089 0.09 -- -- -- -- 
Potassium 7 6.93 9.14 13.3 -- -- -- -- 
Sodium 57 60.5 102 239 -- -- -- -- 
Total dissolved solids 230 240 370 960 475 315 560 855 

 
Table 5. EDCC 3rd Party Rulemaking STR Model Results using the GRI Salinity model.A

  % Survival at each SiteB

Test 001 001 b UTA UTA b Flat Flat b Haynes Haynes b
Ceriodaphnia 24-h 100 99.9 100 100 100 99.9 99.7 99.8 
Ceriodaphnia 48-h 99.9 99.9 99.9 99.9 99.9 99.8 99 99.5 

    
Daphnia 24-h 99.5 99.4 99.5 99.5 99.3 99.1 98.2 98.6 
Daphnia 48-h 99.4 99.3 99.4 99.4 99 98.8 97.3 97.9 

   
Fathead Minnow 24-h 99.5 99.5 99.5 99.5 99.5 99.4 99.2 99.3 
Fathead Minnow 48-h 99.4 99.4 99.4 99.4 99.4 99.3 98.9 99 
Fathead Minnow 96-h 98.5 98.4 98.5 98.4 98.4 98.2 97.4 97.7 
A=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 approves criteria 
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These results support the findings of the aquatic life field assessment presented 

during the 3rd party rulemaking. The criteria approved by ADEQ in the EDCC 3rd party 

rulemaking are supportive of the aquatic life of the receiving streams as demonstrated 

by: 

 
• lack of toxicity as represented by the WET testing history and as provided 

by the  results of the chronic WET testing completed as part of this effort,   

• the existing literature 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 

EDCC 3rd party rulemaking are well below concentrations which are 

typically considered as causing adverse effects,  

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

the GRI modeling, 

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

that have been approved for numerous other stream segments and, 

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

reaches. 
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11701 I-30 Bldg 1, Ste 115 - Little Rock, AR 72209

501-455-3233   Fax 501-455-6118

GBMC & Associates

Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

SDG Number:  0907190

RE: El Dorado Chemical

Enclosed are the results of analyses for samples received by the laboratory on 

16-Jul-09 10:15. If you have any questions concerning this report, please feel free to 

contact me.

Sample Receipt Information:

Custody Seals b
Containers Intact b
COC/Labels Agree b
Preservation Confirmed b
Received On Ice b
Temperature on Receipt              12.0°C

Norma James
President

This document is intended only for the use of the person(s) to whom it is expressly addressed.  This document may 

contain information that is confidential and legally privileged.  If you are not the intended recipient, you are notified that 

any disclosure, distribution, or copying of this document is strictly prohibited.  If you have received this document in 

error, please destroy.

Sincerely,



GBMC & Associates

Project: El Dorado Chemical
Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

Date Received: 16-Jul-09 10:15

Lab Number:

Date/Time Collected:

Sample Matrix:

7/15/09   8:15

ANALYTICAL RESULTS

Sample Name: 001

0907190-01

Water

Units Result Date/Time Analyzed BatchAnions Method

Chloride mg/L 28.0 A907167 300.0/9056A7/16/09  16:48

mg/L < 0.500Fluoride A907167 300.0/9056A7/16/09  20:30
Sulfate as SO4 mg/L 28.8 A907167 300.0/9056A7/16/09  20:30

Nitrate as N mg/L 0.637 A907167 300.0/9056A7/16/09  20:30

Nitrite as N mg/L 1.18 A907167 300.0/9056A7/16/09  20:30

Units Result Date/Time Analyzed BatchTotal Metals Method

Aluminum mg/L 0.264 A907186 200.77/20/09  18:22

mg/L < 0.050Arsenic A907186 200.77/20/09  18:21
Barium mg/L 0.057 A907186 200.77/20/09  18:23

mg/L < 0.100Boron A907186 200.77/20/09  18:23
mg/L < 0.008Cadmium A907186 200.77/20/09  18:26

Calcium mg/L 10.9 A907186 200.77/20/09  18:25

mg/L < 0.020Chromium A907186 200.77/20/09  18:24
mg/L < 0.005Copper A907186 200.77/20/09  18:22

Iron mg/L 0.181 A907186 200.77/20/09  18:24

Lead mg/L 0.054 A907186 200.77/20/09  18:25

Magnesium mg/L 2.75 A907186 200.77/20/09  18:24

Manganese mg/L 0.138 A907186 200.77/20/09  18:24

mg/L < 0.010Nickel A907186 200.77/20/09  18:22
Potassium mg/L 7.00 A907186 200.77/20/09  18:26

mg/L < 0.081Selenium A907186 200.77/20/09  18:21
Silicon mg/L 4.45 A907186 200.77/21/09  16:42

Sodium mg/L 57.0 A907186 200.77/20/09  18:30

mg/L < 0.005Zinc A907186 200.77/20/09  18:25

Units Result Date/Time Analyzed BatchWet Chemistry Method

Ammonia as N mg/L 2.93 A907221 4500-NH3D7/23/09   8:03

Hardness mg/L 38.0 A907207 2340 C7/22/09  16:40
Specific Conductance (EC) uS/cm 397 A907190 120.17/20/09  15:27

TDS mg/L 230 A907178 2540C7/17/09  14:51

TOC mg/L 8.63 A907187 5310/9060A7/21/09  13:06

Total Alkalinity mg/L 95.0 A907233 2320 B7/21/09  15:00

TSS mg/L 11 A907169 2540D7/16/09  15:12

Bicarbonate Alkalinity mg/L 89.0 A907234 2320B7/21/09  15:00

Carbonate Alkalinity mg/L 6.0 A907235 2320B7/21/09  15:00

Total Inorganic Carbon mg/L 27.6 A907225 5310/9060A mod.7/28/09   9:49

Page 2 of 8 This report must be reproduced in its entirety.



GBMC & Associates

Project: El Dorado Chemical
Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

Date Received: 16-Jul-09 10:15

Lab Number:

Date/Time Collected:

Sample Matrix:

7/15/09   9:00

ANALYTICAL RESULTS

Sample Name: UTA

0907190-02

Water

Units Result Date/Time Analyzed BatchAnions Method

Chloride mg/L 25.2 A907167 300.0/9056A7/17/09  10:18

mg/L < 0.500Fluoride A907167 300.0/9056A7/16/09  17:32
Sulfate as SO4 mg/L 28.4 A907167 300.0/9056A7/17/09  10:18

Nitrate as N mg/L 4.14 A907167 300.0/9056A7/16/09  17:32

mg/L < 0.500Nitrite as N A907167 300.0/9056A7/16/09  17:32

Units Result Date/Time Analyzed BatchTotal Metals Method

Aluminum mg/L 0.403 A907186 200.77/20/09  18:58

mg/L < 0.050Arsenic A907186 200.77/20/09  18:58
Barium mg/L 0.066 A907186 200.77/20/09  18:59

mg/L < 0.100Boron A907186 200.77/20/09  19:00
mg/L < 0.008Cadmium A907186 200.77/20/09  19:02

Calcium mg/L 10.5 A907186 200.77/20/09  19:01

mg/L < 0.020Chromium A907186 200.77/20/09  19:01
mg/L < 0.005Copper A907186 200.77/21/09   8:39

Iron mg/L 0.396 A907186 200.77/20/09  19:00

Lead mg/L 0.030 A907186 200.77/20/09  19:02

Magnesium mg/L 2.96 A907186 200.77/20/09  19:01

Manganese mg/L 0.073 A907186 200.77/20/09  19:00

mg/L < 0.010Nickel A907186 200.77/20/09  18:59
Potassium mg/L 6.93 A907186 200.77/20/09  19:02

mg/L < 0.081Selenium A907186 200.77/20/09  18:58
Silicon mg/L 4.65 A907186 200.77/21/09  15:42

Sodium mg/L 60.5 A907186 200.77/20/09  19:06

mg/L < 0.005Zinc A907186 200.77/21/09   8:39

Units Result Date/Time Analyzed BatchWet Chemistry Method

mg/L < 0.50Ammonia as N A907221 4500-NH3D7/23/09   8:03
Hardness mg/L 34.0 A907207 2340 C7/22/09  16:40

Specific Conductance (EC) uS/cm 364 A907190 120.17/20/09  15:27

TDS mg/L 240 A907178 2540C7/17/09  14:51

TOC mg/L 7.80 A907187 5310/9060A7/21/09  13:06

Total Alkalinity mg/L 90.0 A907233 2320 B7/21/09  15:00

TSS mg/L 8.0 A907169 2540D7/16/09  15:12

Bicarbonate Alkalinity mg/L 90.0 A907234 2320B7/21/09  15:00

mg/L < 5.0Carbonate Alkalinity A907235 2320B7/21/09  15:00
Total Inorganic Carbon mg/L 22.6 A907225 5310/9060A mod.7/28/09   9:49

Page 3 of 8 This report must be reproduced in its entirety.



GBMC & Associates

Project: El Dorado Chemical
Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

Date Received: 16-Jul-09 10:15

Lab Number:

Date/Time Collected:

Sample Matrix:

7/15/09   9:45

ANALYTICAL RESULTS

Sample Name: Flat CR

0907190-03

Water

Units Result Date/Time Analyzed BatchAnions Method

Chloride mg/L 100 A907167 300.0/9056A7/17/09  10:40

mg/L < 0.500Fluoride A907167 300.0/9056A7/16/09  18:39
Sulfate as SO4 mg/L 43.3 A907167 300.0/9056A7/17/09  10:40

Nitrate as N mg/L 1.85 A907167 300.0/9056A7/16/09  18:39

mg/L < 0.500Nitrite as N A907167 300.0/9056A7/16/09  18:39

Units Result Date/Time Analyzed BatchTotal Metals Method

Aluminum mg/L 0.382 A907186 200.77/20/09  19:10

mg/L < 0.050Arsenic A907186 200.77/20/09  19:09
Barium mg/L 0.126 A907186 200.77/20/09  19:10

Boron mg/L 0.124 A907186 200.77/20/09  19:11

mg/L < 0.008Cadmium A907186 200.77/20/09  19:13
Calcium mg/L 18.2 A907186 200.77/20/09  19:18

mg/L < 0.020Chromium A907186 200.77/20/09  19:12
mg/L < 0.005Copper A907186 200.77/20/09  19:09

Iron mg/L 0.817 A907186 200.77/20/09  19:12

mg/L < 0.022Lead A907186 200.77/20/09  19:13
Magnesium mg/L 5.05 A907186 200.77/20/09  19:12

Manganese mg/L 0.089 A907186 200.77/20/09  19:11

mg/L < 0.010Nickel A907186 200.77/20/09  19:10
Potassium mg/L 9.14 A907186 200.77/20/09  19:14

mg/L < 0.081Selenium A907186 200.77/20/09  19:09
Silicon mg/L 2.16 A907186 200.77/21/09  15:45

Sodium mg/L 102 A907186 200.77/20/09  19:17

mg/L < 0.005Zinc A907186 200.77/20/09  19:13

Units Result Date/Time Analyzed BatchWet Chemistry Method

mg/L < 0.50Ammonia as N A907221 4500-NH3D7/23/09   8:03
Hardness mg/L 60.0 A907207 2340 C7/22/09  16:40

Specific Conductance (EC) uS/cm 634 A907190 120.17/20/09  15:27

TDS mg/L 370 A907178 2540C7/17/09  14:51

TOC mg/L 8.14 A907187 5310/9060A7/21/09  13:06

Total Alkalinity mg/L 72.0 A907233 2320 B7/21/09  15:00

TSS mg/L 6.0 A907169 2540D7/16/09  15:12

Bicarbonate Alkalinity mg/L 72.0 A907234 2320B7/21/09  15:00

mg/L < 5.0Carbonate Alkalinity A907235 2320B7/21/09  15:00
Total Inorganic Carbon mg/L 18.8 A907225 5310/9060A mod.7/28/09   9:49

Page 4 of 8 This report must be reproduced in its entirety.



GBMC & Associates

Project: El Dorado Chemical
Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

Date Received: 16-Jul-09 10:15

Lab Number:

Date/Time Collected:

Sample Matrix:

7/15/09  10:30

ANALYTICAL RESULTS

Sample Name: Haynes

0907190-04

Water

Units Result Date/Time Analyzed BatchAnions Method

Chloride mg/L 485 A907167 300.0/9056A7/17/09  11:02

mg/L < 0.500Fluoride A907167 300.0/9056A7/16/09  19:01
Sulfate as SO4 mg/L 39.0 A907167 300.0/9056A7/17/09  11:02

Nitrate as N mg/L 1.85 A907167 300.0/9056A7/16/09  19:01

mg/L < 0.500Nitrite as N A907167 300.0/9056A7/16/09  19:01

Units Result Date/Time Analyzed BatchTotal Metals Method

Aluminum mg/L 0.202 A907186 200.77/20/09  19:22

mg/L < 0.050Arsenic A907186 200.77/20/09  19:21
Barium mg/L 0.287 A907186 200.77/20/09  19:23

Boron mg/L 0.319 A907186 200.77/20/09  19:23

mg/L < 0.008Cadmium A907186 200.77/20/09  19:26
Calcium mg/L 47.2 A907186 200.77/20/09  19:30

mg/L < 0.020Chromium A907186 200.77/20/09  19:24
mg/L < 0.005Copper A907186 200.77/20/09  19:22

Iron mg/L 0.570 A907186 200.77/20/09  19:24

mg/L < 0.022Lead A907186 200.77/20/09  19:25
Magnesium mg/L 12.4 A907186 200.77/20/09  19:29

Manganese mg/L 0.090 A907186 200.77/20/09  19:24

mg/L < 0.010Nickel A907186 200.77/20/09  19:22
Potassium mg/L 13.3 A907186 200.77/20/09  19:26

mg/L < 0.081Selenium A907186 200.77/20/09  19:21
Silicon mg/L 1.47 A907186 200.77/21/09  15:47

Sodium mg/L 239 A907186 200.77/20/09  19:20

mg/L < 0.005Zinc A907186 200.77/20/09  19:25

Units Result Date/Time Analyzed BatchWet Chemistry Method

mg/L < 0.50Ammonia as N A907221 4500-NH3D7/23/09   8:03
Hardness mg/L 164 A907207 2340 C7/22/09  16:40

Specific Conductance (EC) uS/cm 1710 A907190 120.17/20/09  15:27

TDS mg/L 960 A907178 2540C7/17/09  14:51

TOC mg/L 8.63 A907187 5310/9060A7/21/09  13:06

Total Alkalinity mg/L 68.0 A907233 2320 B7/21/09  15:00

TSS mg/L 6.0 A907169 2540D7/16/09  15:12

Bicarbonate Alkalinity mg/L 68.0 A907234 2320B7/21/09  15:00

mg/L < 5.0Carbonate Alkalinity A907235 2320B7/21/09  15:00
Total Inorganic Carbon mg/L 16.6 A907225 5310/9060A mod.7/28/09   9:49

Page 5 of 8 This report must be reproduced in its entirety.



GBMC & Associates

Project: El Dorado Chemical
Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

Date Received: 16-Jul-09 10:15

QUALITY CONTROL RESULTS

Prepared: 16-Jul-09 14:09 By: WF -- Analyzed: 17-Jul-09 01:18 By: MEL

Analyte QualifiersLCS / LCSD MS / MSDBLK

Anions -- Batch: A907167 (Water)

RPDDup

Chloride  /  / NA102% 102% 102% 0.0746%<0.500 mg/L

Fluoride  /  / NA106% 105% 106% 0.685%<0.500 mg/L

Nitrate as N  /  / NA101% 102% 102% 0.734%<0.500 mg/L

Nitrite as N  /  / NA110% 112% 113% 0.928%<0.500 mg/L

Sulfate as SO4  /  / NA101% 103% 103% 0.0941%<0.500 mg/L

Prepared: 16-Jul-09 15:12 By: AP -- Analyzed: 16-Jul-09 15:12 By: AP

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907169 (Water)

RPDDup

TSS  /  / 86.5%90.4% NA NA 4.35%<1.0 mg/L

Prepared: 17-Jul-09 14:51 By: AP -- Analyzed: 17-Jul-09 14:51 By: AP

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907178 (Water)

RPDDup

TDS  /  / 104%104% NA NA 0.00%<1.0 mg/L

Prepared: 20-Jul-09 09:13 By: TT -- Analyzed: 20-Jul-09 18:46 By: RH

Analyte QualifiersLCS / LCSD MS / MSDBLK

Total Metals -- Batch: A907186 (Water)

RPDDup

Aluminum  /  / NA111% 119% 120% 0.719%<0.030 mg/L

Arsenic  /  / NA110% 116% 116% 0.487%<0.050 mg/L

Barium  /  / NA107% 106% 109% 2.23%<0.005 mg/L

Boron  /  / NA101% 101% 103% 1.53%<0.100 mg/L

Cadmium  /  / NA113% 110% 112% 1.59%<0.008 mg/L

Calcium  /  / NA105% 82.5% 86.1% 1.82%<0.100 mg/L

Chromium  /  / NA105% 105% 107% 2.30%<0.020 mg/L

Copper  /  / NA101% 112% 111% 0.894%<0.005 mg/L

Iron  /  / NA101% 84.3% 88.5% 3.40%<0.010 mg/L

Lead  /  / NA94.4% 94.4% 97.3% 2.72%<0.022 mg/L

Magnesium  /  / NA105% 111% 116% 3.83%<0.100 mg/L

Manganese  /  / NA108% 106% 108% 1.56%<0.010 mg/L

Nickel  /  / NA109% 107% 110% 2.47%<0.010 mg/L

Potassium  /  / NA91.7% 92.0% 104% 7.35%<0.100 mg/L

Selenium  /  / NA108% 101% 109% 6.64%<0.081 mg/L

Silicon  /  / NA108% 97.0% 116% 1.91%<0.050 mg/L

Sodium MBA /  / NA90.8% MBA MBA 2.92%<1.00 mg/L

Zinc  /  / NA98.5% 113% 115% 1.45%<0.005 mg/L

Page 6 of 8 This report must be reproduced in its entirety.



GBMC & Associates

Project: El Dorado Chemical
Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

Date Received: 16-Jul-09 10:15

QUALITY CONTROL RESULTS

Prepared: 20-Jul-09 09:15 By: SB -- Analyzed: 21-Jul-09 13:06 By: SB

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907187 (Water)

RPDDup

TOC  /  / NA106% 106% 107% 1.14%<1.00 mg/L

Prepared: 20-Jul-09 15:27 By: AT -- Analyzed: 20-Jul-09 15:27 By: AT

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907190 (Water)

RPDDup

Specific Conductance (EC)  /  / 100%100% NA NA 0.0707%NA

Prepared: 21-Jul-09 13:42 By: SB -- Analyzed: 22-Jul-09 16:40 By: SB

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907207 (Water)

RPDDup

Hardness  /  / 97.5%96.0% NA NA 1.55%<2.0 mg/L

Prepared: 23-Jul-09 08:03 By: SB -- Analyzed: 23-Jul-09 08:03 By: SB

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907221 (Water)

RPDDup

Ammonia as N  /  / NA107% 109% 113% 3.11%<0.50 mg/L

Prepared: 22-Jul-09 15:31 By: SB -- Analyzed: 28-Jul-09 09:49 By: SB

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907225 (Water)

RPDDup

Total Inorganic Carbon  /  / NA102% 105% 105% 0.337%<1.00 mg/L

Prepared: 21-Jul-09 15:00 By: KP -- Analyzed: 21-Jul-09 15:00 By: KP

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907233 (Water)

RPDDup

Total Alkalinity  /  / 99.0%99.0% NA NA 0.00%<5.0 mg/L

Prepared: 21-Jul-09 15:00 By: KP -- Analyzed: 21-Jul-09 15:00 By: KP

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907234 (Water)

RPDDup

Bicarbonate Alkalinity  /  / 99.0%99.0% NA NA 0.00%<5.0 mg/L
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GBMC & Associates

Project: El Dorado Chemical
Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

Date Received: 16-Jul-09 10:15

QUALITY CONTROL RESULTS

Prepared: 21-Jul-09 15:00 By: KP -- Analyzed: 21-Jul-09 15:00 By: KP

Analyte QualifiersLCS / LCSD MS / MSDBLK

Wet Chemistry -- Batch: A907235 (Water)

RPDDup

Carbonate Alkalinity  /  / NANA NA NA 0.00%<5.0 mg/L

QUALIFIER(S)
Masked By Analyte*MBA:

All Analysis performed according to EPA approved methodology when available:  

Instrument calibration and quality control samples performed at or above frequency specified in analytical method.

Reviewed by:

Norma James

President

SW 846, Revised December, 1996; EPA 600/4-79-020, Revised March, 1983; Standard Methods, 20th Edition.
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GBMC & Associates

Project: El Dorado Chemical
Bryant, AR 72022

219 Brown Lane

Roland McDaniel

29 July 2009

Date Received: 16-Jul-09 10:15

CHAIN OF CUSTODY FORM(S)
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Attachment D 
Synthetic Water Development Chemicals  

 











Attachment E 
Synthetic WET Test Results 

















































































































































































































Attachment F 
GRI Model Results  

 





















Attachment H 
References   
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