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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 3™ party rulemaking initiated by Lion Oil
Corporation (Lion Qil).

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 3™ party rulemaking support the aquatic life uses. This supplemental
information also confirms the findings of the aquatic life field assessment presented
during the 3™ party rulemaking. The criteria approved by APC&E Commission in the
Lion Oil 3" party rulemaking are supportive of the aquatic life of the receiving streams

as demonstrated by:

e 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 3" party rulemaking are protective of the instream aquatic life
uses of Loutre Creek and Bayou de Loutre;

e lack of toxicity as documented by the WET testing prior to and during the
extended monitoring of 2010;
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e 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;

e the lack of toxicity (even at increased concentrations) as predicted using
the GRI STR modeling;

e 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

e 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 3" party documentation.

Based on the supplemental information developed and submitted herein, and the
previously submitted 3™ 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 3™ party rulemaking
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initiated by Lion Oil Corporation (Lion QOil). 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 3™
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 3™ 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 OBJEGTIVE

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 3" 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 Qil 3" 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 Qil 3" 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 | and Il). 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 3™ party rulemaking
process. This 3™ 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 3™ 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 3™ party rulemakings are:

e Chloride: 631 mg/L (Reach of Boggy Creek - Clean Harbors rulemaking),
e Sulfate: 860 mg/L ( Holly Creek — ALCOA rulemaking),
e 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 3™ 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:

e Chloride: 256 - 264 mg/L,
e Sulfate: 171- 997mg/L,
e TDS:780-1,756 mg/L,

Many of these 3™ 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 3" 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 3" 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 lowa 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 lowa’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:

e Chloride Acute Value in (mg/L) = 287.8 (Hardness)*?%"¥"(Sulfate) °974%2,
and
e Chloride Chronic Value (mg/L) = 177.87(Hardness) %*%°"%(Sulfate)*°7*%
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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 3" 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 3" 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/wingrirs/wingrirs.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 3™ 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
3" party rule making were based on the historical instream concentrations and do not
propose additional mineral loadings to the receiving stream. The 3™ 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 3" 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 3™ 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 Qil 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 3™ 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 2" 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
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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.

A SO4

m Survival NOEL

Figure 3
Fathead Minnow
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8 illustrate the same NOEC response in relation to the measured

Figures 5-

chloride concentrations. As with the sulfate, there is no correlation to the NOEC and the
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Figure 7
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Figure 8
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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
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Outfall 001
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Figure 10
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Figure 11
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Figure 12
Fathead Minnow WET
Sub-lethal NOEC & TDS = Growth NOEL ATDS
Outfall 001
Lion Oil Complany
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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 3™ 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 LCsp and predicted percent survival) based on mineral concentration and
mineral imbalances of seven major ions including Na, K, Ca, Mg, Cl, SO4 and HCOs.
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 3™ party rulemaking. Mineral concentrations
representing the 95" percentile of the historical discharge were utilized as the baseline

modeling to demonstrate the toxicity potential at the maximum possible effluent
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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 3" party
rulemaking (the concentrations approved in the rulemaking represents the 95
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 3" 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 3™
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

7/15/2010"
Dissolved minerals as measured in Targeted dissolved mineral
Parameter July 2009 concentrations
BDL- | BDL- | BDL-
LC-4 BDL-2 | BDL-6 | BDL-LA | LC-4 3 6 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 3" Party Rulemaking STR Model Results using the GRI Salinity model.”
% Survival at each Site®
2X
TARGET

Test 001 | 001b | Concentration | LC-4 | LC-4b | 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 976 | 975 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 3" 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 3™ 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 3 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:

e Chloride,
e Fluoride,
e Sulfate,

e Total dissolved solids,
e Nitrite-N,

e Bicarbonate alkalinity,

January 5, 2011 28



e Total alkalinity,

e Carbonate alkalinity,
e Specific conductance,
e Total organic carbon,

e Total inorganic carbon,

e Boron,
e Calcium,
e [ron,

e Magnesium,

e Manganese,

e Potassium,

e Silicon,

e Sodium,

e Aluminum,

e Barium,

e Heavy metals ( As, Cu, Ni, Cd, Cr, Pb, & Zn),
e Total Suspended Solids, and

e 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 outfall
LC-1 001 LC-4 BDL -2 BDL -3 BDL-6 BDL-LA
Time, (0-2400 hrs) 0820 0900 0945 1030 1545 1400 1320
Temperature, C° 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 3 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."

Analyses of samples Targeted dissolved mineral
collected concentrations*

Lion Oil BDL- BDL
Measurement 001 LC-4 BDL-2 BDL-3 BDL-6 BDL-LA LC-4 | BDL-3 6 State Line
Chloride 212 191 190 191 160 176 256 250 | 250 250
Fluoride <0.500 <0.500 <0.500 <0.500 | <0.500 | <0500
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 11 0.995
Lead <0.022 <0.022 <0.022 <0.022 <0.022
Magnesium 0.000 0.050 0.100 <0.010 3.64 513
Manganese 0.047 0.050 0.089 0.102 1.1 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 76
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 3" 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-lethal®
100% 12.2 10.1 14 12.7 1.012 0.859 0.774 0.499
Control. 17.9 18.9 15.4 13.6 0.595 0.595 0.595 0.435
Dissolved Target Target Target Target Target Target Target Target
mineral Vs. Vs. Vs. Vs. Vs. Vs. Vs. Vs.
concentration Actual Actual Actual Actual Actual Actual Actual 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

"Sub-lethal counts reflect mean production per female (water flea) and mean larval growth (fathead minnow) in 100% effluent

compared to the control exposure.

represented, including the sub-lethal growth endpoint.

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

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 3" 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
EVIDENGE

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

during the 3" 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 3" party rulemaking are supportive of the aquatic life of the

receiving streams as demonstrated by:

o 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 3 party rulemaking are protective of the instream aquatic life
uses of Loutre Creek and Bayou de Loutre;

e lack of toxicity as documented by the WET testing prior to and during the
extended monitoring of 2010,

e 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;

e the lack of toxicity (even at increased concentrations) as predicted using
the GRI STR modeling;

e 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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e 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 3" party documentation.
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Ms. Teresa Marks

Director

Arkansas Department of Environmental Quality
5301 Northshore Drive

North Little Rock, AR 72118-5317

Dear Ms. Marks:

1 would like to provide you with the Environmental Protection Agency’s (EPA)
findings concerning the review of additional supporting information related to several
site-specific water quality standards revisions to Regulation No. 2, Regulation
Establishing Water Quality Standards for Surface Waters of the State of Arkansas
originally submitted by your letters, dated September 17, 2007. These site-specific
revisions were for three separa‘e submissions: ££! D).srado Chemical Company, Great
Lakes Chemical Corporatior, and 1.ion Oil Company.

Your original September 17, 2007, letters included a request for EPA’s approval
of the removal of the domestic water supply designated uses, along with revised site-
specific aquatic life criteria for chloride, sulfate, and total dissolved solids (TDS). EPA
previously approved the removal of the domestic water supply uses from the waters
associated with the El Dorado Chemical Company (EDCC) and four of five requested
waterbodies for Great Lakes Chemical Corporation (G1.CC), but was nct able to approve
the use removals associated with the fifth GLCC waterbody segment or the three
waterbody segments associated with Lion Oil. In today’s action, EPA approves the
removal of the domestic water supply use for these four waters, given that they are not
currently used as a source of supply for a public water system, nor are they being
considered for such use and are intermittent in nature.

As vou know, EPA was not able to approve the site-specific criteria revisions for
the three separate submissions from EDCC, GLCC and Lion Oil as detailed in our
January 3, 2008, letters to you. EPA was not able to take action on these submissions
because they lacked specific supporting information necessary for EPA approval. EPA
requested specific additional information for these provisions in the January 3, 2008
letter. Your August 14,2008, response included some, but not all of the requested
information. EPA staff requested the remaining supporting information via e-mail on
November 11, 2008. Additional data were forwarded to EPA via email on
November 19, 2008. : '

EPA again reviewed the submissions from EDCC, GLCC and l.ion Oil taking
into consideration the additional supporting information that was made available. Based
on that subsequent review, EPA has determined that supporting documentation remains
insufficient to demonstrate that the site-specific minerals criteria for the waterbodies
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associated with EDCC, GLCC, and Lion Oil are appropriately protective of aquatic life.
Therefore, EPA disapproves the site-specific chloride, sulfate, and TDS criteria for the
EDCC, GLCC, and Lion Oil submissions. A detailed basis for EPA’s determination and
a description of the specific issues regarding the adequacy of these studies and supporting
documentation are identified in the enclosed Record of Decision. As described in 40
CFR §131.21(c), new and revised standards do not go into effect for CWA purposes until
approved by EPA. Therefore, the previously approved numeric criteria under Regulation
No. 2 (April 23, 2004) remain in effect for C’WA purposes for all waters 1dent1ﬁed in the
EDCC, GLCC and Lion 011 submissions.

I would like to acknowledge the efforts of the Pollution Control and Ecology
Commission, and particularly Arkansas Department of Environmental Quality (ADEQ).
We encourage the Commission and ADEQ to work with the third parties, EDCC, GLCC,
and Lion Oil, in respondmg to the issues 1dent1ﬁed here and detalled in: the enclosed
Record of Decision. -

We look forward to the continuation of our work with you on these water quality
standards revisions and encourage early coordination on any future proposed water
quality standards revisions to facilitate EPA’s review of State-adopted water quality
standards submitted for approval. If you have any questions or concerns, please contact
me at (214) 665-7101, or have your staff contact Russell Nelson at (214) 665-6646 or
Matt Hubner at (214) 665-9736.

Sincerely yours,

Director
Water Quality Protection Division

Enclo_sure

cc: Steve Drown, Chief, Water Division, ADEQ -
Sarah Clem, Technical Assistance Manager, ADEQ
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RECORD OF DECISION:
EPA APPROVAL AND DISAPPROVAL OF SITE-SPECIFIC REVISIONS
TO THE |
 ARKANSAS WATER QUALITY STANDARDS

Site Specific Domestic Water Supply Use Removal and Minerals Criteria Revisions for
Great Lakes Chemical Company (GLCC), El Dorado Chemical Company (EDCC),
and Lion Oil
Union County, Arkansas

I. INTRODUCTION
Purpose

As described in §303(c) of the Clean Water Act (CWA) and in the standards regulation
(40 CFR §131.20), States and authorized Tribes have primary responsibility to develop
and adopt water quality standards to protect their waters. Authority to approve or
disapprove new and/or revised standards submitted to EPA for review has been delegated
to the Water Quality Protection Division Director, in Region 6. Tribal or State water
quality standards are not considered effective under the CWA until approved by EPA.!

The purpose of this record of decision is to provide the basis for the Environmental
Protection Agency’s (EPA) approval of domestic drinking water use removals and
disapproval of site-specific water quality criteria revisions to Regulation No. 2:

" Regulation Establishing Water Quality Standards for Surface Waters of the State of
Arkansas adopted by the Arkansas Pollution Control and Ecology Commission
(APC&EC) in Minute Order 07-18. The drinking water use removals and site-specific
revisions for chloride, sulfate, and total dissolved solids (TDS) are associated with three
separate submissions: El Dorado Chemical Company (EDCC), Great Lakes Chemical
Corporation (GLCC) and Lion Oil Company.

Chronology of Events
August 31, 2006 Three individual third parties, EDCC, GLCC, and Lion Oil,
filed a petition with the APC&EC to amend Regulation No.
2.

!« Alaska rule” [Federal Register: April 27, 2000 (Volume 65, Number 82)]



September 22, 2006

September 22, 2006
September 27-28, 2006
November 13, 2006
November 29, 2006
January 19, 2007

June 22, 2007

September 17, 2007

November 9, 2007
January 3, 2008
August 14, 2008

November 11, 2008

November 19, 2008

Background

Enclosure

The APC&EC’s Regulations Committee met to review the
petition and recommended that the Commission institute a
rule-making proceeding to consider adopting the proposed
revisions to Regulation No. 2. '

The APC&EC accepted the Regulations Committee
recommendation and initiated the rulemaking proceeding via
Minute Order 06-37.

Public notice of the prdpo_sed rule-making was published.

Public hearing on the proposed rule-making was held in El
Dorado, Arkansas.

Public comment period ended on the proposed changes to
Regulation No. 2. '

Responsiveness summary was filed with the APC&EC.

Teresa Marks, Director, Arkansas Department of
Environmental Quality (ADEQ), signed Minute Order 07-18
adopting changes to Regulation No. 2.

Miguel 1. Flores, Director, Water Quality Protection
Division, EPA Region 6, received letter from Teresa Marks,
Director, ADEQ, requesting EPA approval of the adopted
revisions and transmitting the water quality standards
submission package.

EPA approves removal of domestic drinking water uses for
EDCC and the majority for GLCC. No action is taken on all
segments for Lion Oil and 1 for GLCC.

EPA issues no action letter to Teresa Marks (ADEQ)
concerning site specific criteria and drinking water use
removals.

‘Miguel 1. Flores receives letter from Teresa Marks

responding to the issues raised by EPA in the January 3,
2008 no action letter.

EPA requests additional material not included in previous
letter from Teresa Marks.

ADEQ forwards additional materials to EPA staff.

In separate letters dated August 17, 2007, from Teresa Marks, ADEQ, to Miguel Flores,
EPA Region 6, ADEQ requested EPA approval of several site-specific water quality
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standards revisions to Regulation No. 2 for twelve streams and multiple segments in the
Gulf Coastal ecoregion of Arkansas. These streams are the receiving waterbodies for
discharges from EDCC, GLCC and Lion Oil, in Union County, Arkansas.

The letter included a request for EPA approval of the removal of the domestic water
supply designated uses for eleven of the twelve waterbodies associated with the facilities
identified above, along with site-specific criteria for chloride, sulfate, and total dissolved
solids (TDS) for all twelve waterbodies and segments. EPA took no action in relation to
the site-specific minerals criteria for all waterbodies and for four waterbodies concerning
drinking water use removal. This record of decision applies to the site-specific criteria
revisions and remaining domestic water supply designated use removals for the
waterbodies for which such action was requested. The general details of each request are
addressed individually in the following text.

Summary of Revised Provisions
A. El Dorado Chemical Company

Table 1 below provides a detailed description of the four streams to which the site-
specific minerals revisions apply for EDCC. EPA previously approved the removal of

the domestic water supply use from UTB, UTA, Flat Creek, and Haynes Creek. Table 2
~ depicts the proposed site-specific criteria for chloride, sulfate, and TDS, for the four
waterbodies.

Table 1. Description of stream segments for which the proposed site-specific criteria
revisions apply.

Unnamed tributary to the unnamed tributary to Flat Creek (UTB) from the El Dorado Chemical
Company outfall 001 discharge to the confluence with unnamed tributary of Flat Creek (UTA)

Unnamed tributary to Flat Creek (UTA) from the confluence of UTB to the confluence with
Flat Creek -

Flat Creek from the mouth of UTA tributary to the mouth of Haynes Creek

Haynes Creek from the confluence of Flat and Salt Creeks downstream to the confluence with
Smackover Creek

Table 2. Proposed site-specific water quality criteria revisions for chloride, sulfate, and
TDS, for four waterbodies submitted by ADEQ to EPA for review and approval.

IStream]SegmentH PIChiloridel(mg/L) I | B S UIfateT(mg/L) NEE | IRNREIRT DS!(mg/L) ISR
_ Name MPreviousH | ERevised B HPrevicusH{lRevised il |BPréviousk | @Revised B

uTB 14 23 31 125 123 475

UTA 14 16 31 80 123 | 315
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tei(mg/L:

iolis ‘M Revisec

Flat Creek 14 165 31 - 67

Haynes Creek 14 360 31 55 123 855

B. Great Lakes Chemical Corporation

Table 3 below provides a detailed description of the six streams for which the proposed
site-specific minerals revisions and drinking water use removal apply for GLCC. EPA
previously approved the removal of domestic water supply use from UT002, UT004,
UTO003, and UTLCB-2. Bayou de Loutre was not approved for drinking water use
removal and is addressed later in the document. Table 4 depicts the proposed site-
specific criteria for chloride, sulfate, and TDS, for the six waterbodies.

Table 3. Description of stream segments for which the proposed site-specific criteria
revisions and one drinking water use removal apply.

Unnamed tributary into which Great Lakes Chemical Corporation outfall 002 discharges
(UT002) to the confluence with Bayou de Loutre '

' Unnamed tributary into which Great Lakes Chemical Corporation outfall 004 discharges
(UT004) to the confluence with Bayou de Loutre

Bayou de Loutre from the mouth of Outfall 004 tributary downstream to the mouth of Gum *
Creek’

Unnamed tributary to an unnamed tributary of Little Cornie Bayou (UT003)

| Unnamed tributary of Little Cornie Bayou (UTLCB-2) to Little Cornie Bayou

Little Cornie Bayou from the confluence of UTLCB-2 to the Arkansas/Louisiana State line®

Table 4. Proposed site-specific water quality criteria revisions for chloride, sulfate, and |
_TDS, for six waterbodies submitted by ADEQ to EPA for review and approval.

Chioride](mg/Lt) Squaté*(mglL)m o \DSi(r“ﬁQ'IL

, ; || EPreviousl |EiRevised k| EPrevious® QRevnsedE«iﬁ revious™ @Revised i
UT002 14 65 31 35 123 141
UT004 14 239 - - 123 324
Bayou de Loutre 250 278 - - - --
uTo03 . 14 538 | 31 35 123 519

2 Bayou de Loutre — No action taken by EPA (January 3, 2008) on removal of domestic water use
* Little Cornie Bayou — Not identified for drinking water use removal
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Stream]Segment gl IChioride)(mag/L') pll| I S Ui Ifate] (mg/L) | MERT DS ](mig/L')
Name 'Il?fe_ilibﬁs] NRevisedl|lPreviousMl | ERévised | lPrevious B lRevisedll
UTLCB-2 14 305 - - 123 325
Little Cornie Bayou 200 215 20 25 - -

C. Lion Oil

Table 5 below provides a detailed description of the three streams for which the proposed
drinking water use removal apply for Lion Oil. EPA previously took no action in the

- removal of the domestic water supply use for Loutre Creek and two of the nine segments
of Bayou de Loutre upstream of Gum Creek. Table 4 depicts the proposed site-specific
criteria for chloride, sulfate, and TDS, for the six waterbodies.

Table S. Description of stream segments for which the proposed domestic water supply
de51gnated use removals apply.

Eiimm

Loutre Creek from Highway 15 South to the confluence of Bayou de Loutre

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

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

Table 6. Proposed site-specific water quality criteria revisions for chloride, sulfate, and
TDS, for Loutre Creek and nine segments of Bayou de Loutre submitted by ADEQ to
EPA for review and approval.

IS'trieiaimiiSIegm. elnlt.' EchiGride](mg/l) Il IS ulfate](mg/L) BT DS (mo/) I
Name S @PreviousM|MR&vised M|l Previousll| MRevised M| PreviousM|IRavised
Loutre Creek 14 256 31 997 123 1756
Bayou de Loutre* 250 264 90 635 500 1236
' Bayou de Loutre** -- - 20 431 500 966
Bayou de Loutre* - - 90 345 750 780
Bayou de Loutre® - - 90 296 - -
Bayou de Loutre® - - 90 263 - -

* Bayou de Loutre — from the mouth of Gum Creek downstream to the mouth of Boggy Creek
* Bayou de Loutre — from the mouth of Boggy Creek downstream to the mouth of Hibank Creek
_* Bayou de Loutre — from the mouth of Hibank Creek downstream to the mouth of Mill Creek
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Sgrmenti| ICHioraz)(ma/ I S o rte]ma ) N | weS(ar): - |
EPRreviousH M Revised B{lPreviousHll| MRévisedll | lPreviousM|IRévised|
Bayou de Loutre’ . - - 90 237 - ~
Bayou de Loutre® - - 90 216 - -
| Bayou de Loutre® - 90 198 - -
Bayou de Loutre™ - - 90 171 - -

II. REVISED PROVISIONS EPA IS DISAPPROVING
Site-Specific Criteria for Chloride, Sulfate, and TDS

Supporting documentation remains insufficient to demonstrate that the site-specific
minerals criteria for the waterbodies associated with EDCC, GLCC, and Lion Qil are
appropriately protective of aquatic life. Although Section 3.6.2 — “Whole Effluent
Toxicity (WET) Testing” of the August 17, 2007 submissions provided the results of
outfall biomonitoring for the water flea and fathead minnow, it remains unclear what
minerals concentrations (chloride, sulfate, and TDS) were associated with each of these
tests and whether or not the minerals concentrations during WET testing were
representative of the adopted site-specific minerals criteria under review for effluent
-receiving streams.

The evidence included in the reports and subsequent materials requested by EPA do not
include a general evaluation or review of the site-specific criteria for associated _
waterbodies in light of the available scientific literature concerning the toxicity effects of
chloride, sulfate, and TDS to aquatic organisms. Supporting documentation from the
literature or other appropriate documentation is important for providing a clear
demonstration that the proposed site-specific criteria are appropriately protective of the
aquatic life uses (Gulf Coastal seasonal or perennial fishery) in these waterbodies. Such
information may also be useful to supplement the biomonitoring information, especially
if the minerals concentrations present during the biomonitoring testing referenced above
are not available or were not representative of the adopted site-specific minerals criteria
under review for receiving waterbodies (UTB - EDCC; UT002, UT003, UT004 - GLCC;
and Loutre Creek - Lion Oil)

Literature (Mount and Gulley)'11 cited in ADEQ’s August 14, 2008 response, proposes
that the development of the salinity/toxicity relationship (STR) model supports higher

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

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

® Bayou de Loutre — from the mouth of Bear Creek to the final segment of Bayou de Loutre

1% Bayou de Loutre (Final Segment) to the Arkansas/Louisiana state line

' Mount, D.R. and D.D. Gulley. 1992. Development of a salinity/toxicity relationship to predict acute toxicity of
saline waters to freshwater organisms. GRI-92/0301. Gas research Institute, Chicago, IL, USA
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acute lethality concentrations than those proposed in the criteria. EPA’s review of this
study indicates lower concentrations of ions in combination can adversely affect sensitive
-aquatic species, yet other combinations may ameliorate such effects. Thus, the necessity
for documentation and identification of specific mineral concentrations is critical to
supporting that protection of aquatic life uses will be met by the proposed criteria.

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 and
associated waterbodies. Under 40 CFR §131.21(c), new and revised standards do not go
into effect for CWA purposes without EPA approval. EPA does not intend to propose or
promulgate criteria for the previously identified waters. Therefore, previous approved
numeric criteria under Regulation No. 2 (April 23, 2004) remain in effect.

If the State decides to pursue site-specific revisions for minerals in these waterbodies,
adequate supporting scientific documentation must be provided to show that the Gulf
~ Coastal seasonal or perennial fishery aquatic life uses will be protected. The previously
- requested mineral concentration data associated with outfall WET testing are necessary to
support that effluent being tested reflect proposed criteria values. If these values are not
available, use of STR modeling as well as background literature searches on ecoregion
species’ salinity tolerances would provide a minimal level of support to the revision.

III. REVISED PROVISIONS EPA IS APPROVING

Domestic Water Supply Use Removals

EPA previously took no action concerning the removal of domestic drinking water uses
for the waterbodies listed above for GLCC and Lion Oil. Documentation, in the form of
a letter from Arkansas Department of Health (ADH), showing that there were no current
or proposed public drinking water considerations for these waterbodies was missing or
inadequate and therefore did not support the revision.

- Two letters, dated July 24, 2006 and May 12, 2008, from ADH were submitted by ADEQ
on EPA’s request subsequent to the study report. The letters respectively -state that
Bayou de Loutre upstream of Gum Creek and Loutre Creek are not currently used as a
source of supply for a public water system, nor are they being considered for such use.

In addition, the UAA study cites two reasons (see 40 CFR §131.10(g)(2) and (5)) for why
the domestic water supply use is not an attainable use in Loutre Creek and the three
segments of Bayou de Loutre. Specifically, the report cites the intermittent nature of
these streams and lack of consistent base flow, along with the presence of shallow pools
and run areas that would not support the intake and storage areas necessary for the
development of a domestic water supply system.
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EPA agrees with the conclusions of the study and approves the removal of the domestic
water supply use from Bayou de Loutre from the confluence of UT004 downstream to the
confluence of Loutre Creek for the GLCC submission. For Lion Oil, EPA approves the
removal of the domestic water supply use from Loutre Creek and two segments of Bayou
de Loutre between the confluence with Loutre Creek and confluence with Gum Creek.

\
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219 Brown Lane Bryant, AR 72022 (501) 847-7077 (501) 847-7943 fax

June 15, 2009

Mr. Steve Drown, Chief

Water Division

Arkansas Department of Environmental Quality
5301 Northshore Drive

North Little Rock, AR 72118

Re: Aquatic Life Support Justification Study Plan to Address EPAs Mineral ROD
Associated with Loin Oil Company (Lion Oil), in Union County, Arkansas
NPDES AR0000647, AFIN 70-00016
GBMc No. 2160-06-070

Dear Mr. Drown:

On behalf of Lion Oil, please find the attached Study Plan developed to address issues.
that led to EPAs denial of modifications to Regulation No. 2 implementing the dissolved
mineral criteria adopted by the Arkansas Department of Pollution Control and Ecology
Commission (the Commission). The 3™ party rulemaking modified the sulfate, chloride
and total dissolved solids criteria in the Lion Oil Outfall 001 receiving stream (Loutre
Creek), and in Bayou de Loutre in Union County, Arkansas.

In their ROD of April 14, 2009 and during the subsequent conference call on April 29,
2009, EPA provided guidance as to the rationale leading to their deniai and suggested
additional actions to provide documentation EPA perceived as lacking. EPA concerns
regarding the potential for instream aquatic toxicity from the adopted criteria were 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.”

The proposed Study Plan seeks to provide additional information to clearly demonstrate
that the approved criteria are adequate for the protection of aquatic life uses for the
receiving streams. The approach proposed in the Study Plan focuses on those efforis
identified by EPA during the conference call that would reasonably provide the
additional information EPA requires.

It is our understanding that this proposed Study Plan will be forwarded to EPA for their
review and comment. However, Lion Oil wishes to proceed with the proposed activities
to have the documentation available prior to the expiration of the current consent
administrative order (December 2009) authorizing the current dissolved mineral

GBM* & Associates

Strategic Environmental Services




Mr. Steve Drown
June 15, 2009
Page 2

discharge conditions. Therefore, Lion Qil intends to proceed with the implementation of
the proposed study plan after consideration of any comments and/or edits provided by
ADEQ.

Lion Oil looks forward to the resolution of the rulemaking issues and appreciates the
efforts of ADEQ in their review and comments provided related to the proposed plan. If
you have any questions, please do not hesitate to contact me or Vince Blubaugh at
(501) 847-7077.

Respectfully submitted,
GBM°® & ASSOCIAT

YAk

Roland McDaniel
Principal/Senior Scientist

Enclosure

CC: Sarah Clem, Water Division ADEQ
Chuck Hammock, Lion OIL
Mitch Colvin, Lion OIL
Steve Cousins, Lion Qil
Chuck Nestrud, CN&J

GBM*© & Associates
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Aquatic Life Support Justification
Study Plan
Dissolved Minerals Rulemaking
Lion Oil Company

Background

In the Record of Decision (ROD) dated April 14, 2009 (Attachment A), EPA informed
ADEQ that EPA was unable to approve the site-specific criteria revisions for dissolved
minerals (sulfate, chloride and total dissolved solids) previously approved by Arkansas
Department of Pollution Control & Ecology (ADPC&E) Commission in response to the
3" party rulemaking initiated by Lion Qil Company (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 implicated 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 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 3™ 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
including:

1. an effort to more clearly identify mineral concentrations during historical WET
testing as data exist;
2. aliterature review of current research related to dissolved mineral toxicity;

3. modeling using GRI salinity model to predict the potential for toxicity at the
concentrations adopted by the ADEQ rulemaking;

GBM°© & Associates
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Aquatic Life Support Justification
Study Plan
June 15, 2009

4. additional chronic WET testing on a simulated effluent and other water
samples developed to mimic the receiving stream segments downstream of
the discharge from LION OIL which were the subject of the 3™ party
rulemaking and approved by ADEQ and the Commission; and

5. speciation of the dissolved minerals at Lion Oil during routine WET testing
over the next 12 months to characterize the current dissolved mineral
complex of the effluent;

EPA indicated that items 2, 4 and 5 would be of most interest and could provide the
additional information allowing further evaluation of the potential for instream toxicity
and the support of aquatic life in the receiving streams.

In addition, the Study Plan proposes to document the dissolved mineral concentrations
of the Qutfall 001 effluent and from the receiving streams (Loutre Creek and Bayou de
Loutre) during the period that routine WET testing is being completed.

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.

Based on the information presented in the ROD and the additional discussion during the
conference call, it was determined that the following approach would be implemented to
address the EPA concerns related to the protection of the aquatic life uses of the
receiving streams.

Plan Objective

The objective of the Dissolved Minerals Use Support Study Plan is to develop and
provide additional documentation addressing issues identified by EPA as those most
likely to address the deficiencies stipulated in the Dissolved Mineral ROD related fo the
potential for instream toxicity.

The proposed approach includes four tasks including:

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;

3. complete modeling using GRI model; and

Page 2 GBMF* & Associates
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Aguatic Life Support Justification
Study Plan
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4. speciation of the dissolved minerals at Lion Oil during routine WET testing
over the next 12 months to characterize the current dissolved mineral
complex of the Outfall 001 effluent.

Task 1. Develop additional information through an updated literature review of
dissolved mineral toxicity

This task will review and summarize the current scientific literature related to the toxicity
of dissolved minerals with a focus on Cl, SO, and TDS. The research will implicate 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 will be evaluated in light of the current scientific literature.

Schedule
Complete 30 days after the Study Plan has been accepted by ADEQ and EPA.

Task 2. Conduct additional WET testing utilizing spiked samples to simulate the
concentration of dissolved minerals proposed in the rulemakings

Chronic WET tests will be completed on a series of synthetic matrices developed to
mimic the dissolved mineral complex of the Lion Oil discharge and that of the three
downstream segments as identified in the 3™ party rulemaking. The synthetic matrix will
be developed to represent the maximum dissolved mineral concentrations of the Lion
Oil outfall and of the downstream receiving segments based on the concentrations
approved by ADEQ and the Commission in the 3" party rulemaking.

The synthetic matrices will be developed based on the results of analyses completed on
water samples from each stream segment. A chemical balance of the synthetic matrix
will be developed to characterize the matrix. The analytical suite will include:

Chloride,

Fluoride,

Sulfate,

Total dissolved solids,
Nitrite-N,

Bicarbonate alkalinity,
Total alkalinity,
Carbonate alkalinity,

* & 9 & & & &
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Aquatic Life Support Justification
Study Plan
June 15, 2009 _

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,
Hardness

EPA methods will be used for the analyses and NPDES detection levels will be attained.
The analyses will be completed before and after the WET tests to verify the analytical
targets for the dissolved minerals were attained in the 100% exposures.

Schedule
Complete 90 days after the Study Plan has been accepted by ADEQ and EPA.
Task 3. Complete modeling using GRI model

The toxicity potential of the adopted dissolved mineral criteria as presented in the 3™
party rulemaking will be determined through a modeling effort using the salinity model
developed by the Gas Research Institute. The model (A salinity/toxicity refationship to
predict acute toxicity of Saline waters to freshwater organisms, D. Gulley and D.R.
Mount, 1996) was developed to predict acute toxicity based on mineral concentration
and mineral imbalances of seven major ions (Na, K, Ca, Mg, Cl, SO4 HCO3). The
model is a simplistic acute toxicity predictor. In addition to modeling the Lion Qil
effluent, the model will be developed for the four (4) additional stream segments
included in the 3™ party rulemaking. Mineral concentrations representing the 95"
percentile of the historical discharge will be utilized as the baseline modeling to
demonstrate the toxicity potential at the maximum possible effluent concentrations.
Additional modeling for each subsequent downstream segment will be completed based
on the proposed criteria.

The known concentrations of the seven major ions will be developed from analyses of
water samples collected from four stream segment identified in the rulemaking as
provided in the table below. The selected segments represent the range of criteria
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Study Plan
June 15, 2009

approved by ADEQ and the Commission. The selected segments include those four

highlighted below:

Summary of dissolved mineral WQS Modifications. Lion Qil 3" party rulemaking. (Selected segments indicated

in hi

ighted section

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

Chloride : NO CHANGE

Sulfate from 90 mg/L to 431 mg/L
& TDS from 500 mg/L to 966
mg/L

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

Bayou de Loutre — from the
mouth of Hibank Creek
downstream to the mouth of
Mifl Creek

Chioride: NO CHANGE
Sulfate from 90 mg/L to 296 mg/L&
TDS: NO CHANGE

Chloride: NO CHANGE
Sulfate from 90 mg/L to 263 mg/L
&

TDS: NO CHANGE

Bayou de Loutre - from the mouth of Bear
Creek to the final segment of Bayou de
Loutre.

Chloride : NO CHANGE

Sulfate from 80 mg/L to 198 mg/L &

TDS: NO CHANGE

Baseline model runs will be completed utilizing known concentrations of the seven target
ions. in addition, a matrix of modeling projections will be completed to bracket those
concentrations projected to generate a potential for instream toxicity. The model
projections will then be compared to the individual criterion in each segment identified
during the rulemaking process.

The GRI modeling will project the concentrations at which toxicity, due fo the dissolved
minerals, can be expected given the complex of mineral ions specific to the discharge from
Lion Qil and the receiving streams. A decision related to the potential for instream toxicity
can be made based on the modeling projections as they compare to the adopted dissolved
mineral criteria for each individual segment.

Schedule

Complete 120 days after the Study Plan has been accepted by ADEQ and EPA.

Page 5
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Task 4. Speciation of the dissolved minerals during routine WET testing over the
next 12 months

The concentrations of dissolved minerals (SO4, Cl and TDS) will be monitored in the
discharge through Outfall 001, and downstream in Loutre Creek and Bayou de Loutre
during the next 12 month period. This routine monitoring will be completed during the
same period that routine quarterly chronic WET tests are conducted on Lion Qil Outfall
001 effluent. The characterization of the dissolved mineral concentrations of the
receiving stream will be completed at the same four segments as the GRI model will be
developed. (Indicated as the highlighted sections in the table above). This information
will be used to:

e determine if the ADEQ and Commission approved criteria are
maintained in the receiving streams, and

e demonstrate that the approved criteria are protective of aquatic life
as reflected in the chronic WET tests.

Schedule
Complete 12 months after the Study Plan has been accepted by ADEQ and EPA.

Task 5. Reporting

A draft final report providing the results of the additional documentation will be developed
and presented to ADEQ for their review and comment. Comments received from ADEQ
will be addressed and a final report for submission to EPA will be submitted through ADEQ.
The decision to pursue EPA approval of the proposed criteria would be determined based
on the results of the additional documentation allowing EPA to make a determination
related to the potential for toxicity of the proposed mineral criteria and the maintenance of

the designated fishery and aquatic life uses.

Schedule

Quarterly status reports will be submitted to ADEQ. Draft final report complete 13 months

after the Study Plan has been accepied by ADEQ and EPA.
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£ % REGION 6-
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APR 14 2008
Ms. Teresa Marks
Director
Arkansas Department of Environmental Quality
5301 Northshore Drive

North Little Rock, AR 72118-5317
Dear Ms. Marks:

I would like to provide you with the Environmental Protection Agency’s (EPA)
findings concerning the review of additional supporting information related to several
site-gpecific water quality standards revisions to Regulation No. 2, Regulation
Establishing Water Quality Standards for Surface Waters of the State of Arkansas
originally submitted by your letters, dated September 17, 2007. These site-specific
revisions were for three separate subuissions: £l Dvado Chemical Company, Great
Lakes Chemical Corporatiorn:;, and Lion Oil Company.

Your original September 17, 2007, letters included a request for EPA’s approval
of the removal of the domestic water supply designated uses, along with revised site-
specific aquatic life criteria for chioride, sulfate, and total dissolved solids {TDS). EPA
previously approved the removal of the domestic water supply uses from the waters
associated with the El Dorado Chemical Company (EDCC) and four of five requested
waterbodies for Great Lakes Chemical Corporation (GL.CC), but was not able to approve
the use removals associated with the fifth GLCC waterbody segment or the three
waterbody segments associated with Lion Oil. In today’s action, EPA approves the
removal of the domestic water supply use for these four waters, given that they are not
currently used as a source of supply for a public water system, nor are they being
considered for such use and are intermittent in nature.

As vou know, EPA was not able to approve the site-specific criteria revisions for
the three separate submissions from EDCC, GLCC and Lion Oil as detailed in our
January 3, 2008, letters to you. EPA was not able to take action on these submissions
because they lacked specific supporting information necessary for EPA approval. EPA
requested specific additional information for these provisions in the January 3, 2008
letter. Your August 14, 2008, response included some, but not all of the requested
information. EPA staff requested the remaining supporting information via e-mail on
November 11, 2008. Additional data were forwarded to EPA via email on
November 19, 2008.

EPA again reviewed the submissions from EDCC, GLCC and l.ion Oil taking
into consideration the additional supporting information that was made available. Based
on that subsequent review, EPA has determined that supporting documentation remains
insufficient to demonstrate that the site-specific minerals criteria for the waterbodies
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associated with EDCC, GLCC, and Lion Oil are appropriately protective of aquatic life.

- Therefore, EPA disapproves the site-specific chloride, sulfate, and TDS criteria for the
EDCC, GLCC, and Lion Oil submissions. A detailed basis for EPA’s determination and
a description of the specific issues regarding the adequacy of these studies and supporting
documentation are identified in the énclosed Record of Decision. As described in 40
‘CFR §131.21(c), new and revised standards do not go into effect for CWA purposes until
approved by EPA. Therefore, the previously approved numeric criteria under Regulation
No. 2 (April 23, 2004) remain in effect for CWA purposes for all waters Jdentlﬁed in the
EDCC, GLCC and Lion 011 submissions.

T would like to acknowledge the efforts of the Pollution Control and Ecology
Commission, and particularly Arkansas Department of Environmental Quality (ADEQ).
We eficourage the Commission and ADEQ to work with the third parties, EDCC, GLCC,
and Lion Oil, in responding to the i issues 1dent1ﬁed here and detalled in the enclosed
Record of Decision, -

We look forward to the continuation of our work with you on these water quality
standards revisions and encourage early coordination on any future proposed water
quality standards revisions to facilitate EPA’s review of State-adopted water quality
standards submitted for approval. If you have any queslions or concerns, please contact
me at (214) 665-7101, or have your staff contact Russell Nelson at {214) 665-6646 or
Matt Hubner at (214) 665 9736.

Sincerely yours, -

MW»

| 1. Flores
D1rector
Water Quality Protection Division

Enc]o_sure '

et Steve Drown, Chief, Water Division, ADEQ-
Sarah Clem, Technical Assistance Manager, ADEQ




Enclosure

RECORD OF DECISION:
EPA APPROVAL AND DISAPPROVAL OF SITE-SPECIFIC REVISIONS
' TO THE
ARKANSAS WATER QUALITY STANDARDS

Site Specific Domestic Water Supply Use Removal and Minerals Criteria Revisions for
Great Lakes Chemical Company (GLCC), El Dorado Chemical Company (EDCC),
' and Lion Oil '
Union County, Arkansas

U.S. Environmental Protection Agency — Region 6

March 2009
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EPA APPROVAL AND DISAPPROVAL OF SITE-SPECIFIC REVISIONS
TO THE -
ARKANSAS WATER QUALITY STANDARDS

Site Specific Domestic Water Supply Use Removal and Minerals Criteria Revisions for
Great Lakes Chemical Company (GLCC), El Dorado Chemical Company (EDCC),
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RECORD OF DECISION:
EPA APPROVAL AND DISAPPROVAL OF SITE-SPECIFIC REVISIONS
TO THE
- ARKANSAS WATER QUALITY STANDARDS

Site Specific Domestic Water Supply Use Removal and Minerals Criteria Revisions for
Great Lakes Chemieal Company (GLCC), El Dorade Chemical Company (EDCC),
and Lion Oil
Union County, Arkansas

L. INTRODUCTION
Purpose

As described in §303(c) of the Clean Water Act (CWA) and in the standards regulation
(40 CFR §131.20), States and authorized Tribes have primary responsibility to develop
and adopt water quality standards to protect their waters. Authority to approve or
disapprove new and/or revised standards submitted to EPA for review has been delegated
to the Water Quality Protection Division Director, in Region 6. Tribal or State water
quality standards are not considered effective under the CWA until approved by EPA.

The purpose of this record of decision is to provide the basis for the Environmental
Protection Agency’s (EPA) approval of domestic dnnkmg water use removals and
disapproval of site-specific water quality criteria revisions to Regulation No. 2:
_ Regulation Establishing Woter Quality Standards for Surface Waters of the State of
Arkansas adopted by the Askansas Pollution Control and Ecology Commission
(APC&EC) in Minute Order 07-18. The drinking water use removals and site-specific
revisions for chloride, sulfate, and total dissolved solids (TDS) are associated with three
Separate submissions: El Dorado Chemical Company {(EDCC), Great Lakes Chemical

Corporation {(GLCC) and Lion Oil Company. ‘
Chronology of Events
August 31, 2006 Three individual third parties, EDCC, GLCC, and Lion Oil,
filed a petition with the APC&EC to amend Regulation No.
2. '

!« Atagka rule” [Federal Register: April 27, 2000 (Volume 63, Number 82))




September 22, 2006

September‘ 22,2006
September 27-28, 2006
November 13, 2006
November 29, 2006
January 19, 2007

June 22, 2007

September 17, 2007

November 9, 2007
January 3, 2008
August 14, 2008

November 11, 2008

November 12, 2008

Background
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The APC&EC’s Regulations Committee met to review the
petition and recommended that the Commission institute a
rule-making proceeding to consider adopting the proposed
revisions to Regulation No, 2. '

The APC&EC accepted the Regulations Committee
recommendation and initiated the rulemaking proceeding via
Minute Order 06-37.

Public notice of the proposed rule-making was published,

Public hearing on the proposed rule-making was held in El
Dorado, Arkansas.

Public comment period ended on the proposed changes to

Regulation No. 2.
Responsiveness summary was filed with the APC&EC.

Teresa Marks, Director, Arkansas Department of
Environmental Quality (ADEQ), signed Minute Order 07-18
adopting changes to Regulation No. 2.

Miguel 1. Flores, Director, Water Quality Protection
Division, EPA Region 6, received letter from Teresa Marks,
Director, ADEQ, requesting EPA approval of the adopted
revisions and transmitting the water quality standards
submission package.

EPA approves removal of domestic drinking water uses for
EDCC and the majority for GLCC. No action is taken on all
segments for Lion Oil and 1 for GLCC.

EPA issues no action letter to Teresa Marks (ADEQ)
concerning site specific criteria and drinking water use
removals. . .

Miguel L. Flores receives letter from Teresa Marks
responding to the issues raised by EPA in the January 3,
2008 no action letter.

EPA requests additional material not included in previous
letter from Teresa Marks. '

- ADEQ forwards additional materials to EPA staff,

In separate letters dated August 17, 2007, from Teresa Marks, ADEQ, to Miguel Flores,
EPA Region 6, ADEQ requested EPA approval of several site-specific water quality
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standards revisions to Regulation No. 2 for twelve streams and multiple segments in the
Guif Coastal ecoregion of Arkansas. These streams are the receiving waterbodies for
discharges from EDCC, GLCC and Lion Oil, in Union County, Arkansas.

The letter included a request for EPA approval of the removal of the domestic water
supply designated uses for eleven of the twelve waterbodies associated with the facilities
identified above, along with site-specific criteria for chloride, sulfate, and total dissolved
solids (TDS) for all twelve waterbodies and segments. EPA took no action in relation to
the site-specific minerals criteria for all waterbodies and for four waterbodies concerning
drinking water use removal. This record of decision applies to the site-specific criteria
revisions and remaining domestic water supply designated use removals for the
waterbodies for which such action was requested. The general details of each request are
addressed individually in the following fext.

Summary of Revised Provisions

A

El Dorado Chemical Company

Table 1 below provides a detailed description of the four streams to which the site-
specific minerals revisions apply for EDCC. EPA previously approved the removal of

- the domestic water supply use from UTB, UTA, Flat Creek, and Haynes Creek. Table 2

depicts the proposed site-specific criteria for chioride, sulfate, and TDS, for the four
waterbodies.

Table 1. Description of stream segments for which the proposed site-specific criteria
revisions apply.

Unnamed tributary to the vonamed tributary to Flat Creek (UTB) from the El Dorado Chemical
Company outfall 001 discharge to the confluence with unnamed tributary of Flat Creek (UTA)

Unnamed tributary to Flat Creek (UTA) from the confluence of UTB to the confluence with
Flat Creek

Flat Creek from the mouth of UTA tributary to the mouth of Haynes Creek

Haynes Creek from the confluence of Flat and Salt Creeks downstream to the conﬂuence w1t11
Smackover Creek

Table 2. Proposed site-specific water quality criteria revisions for chloride, sulfate, and
TDS, for four waterbodies submitted by ADEQ to EPA for review and approval.

Stream|Segment "Gﬁ[ﬁ'ﬁﬂé‘! ﬁx'"'i-l.l | S G I F5ET (/L) R
ENamed BErevicusB{MRevised N

uTe 14 23 3 i2h - 123 475

UTA 14 16 31 80 123 4 315
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oHd ﬂflf}ﬁ‘ﬁl—msmatﬁ{ gf]_)m WRET DS
= Eﬁgwsed!j_ﬂiPrevmughg WREviSet K| Wpbrevians Al

Flat Creek 14 165 31 =T 123

Haynes Creek 14 360 31 55 123 855

B. Great Lakes Chemical Corporation

Table 3 below provides a detailed description of the six streams for which the proposed
site-specific minerals revisions and drinking water use removal apply for GLCC. EPA
previously approved the removal of domestic water supply use from UT002, UT004,
UT003, and UTLCB-2. Bayou de Loutre was not approved for drinking water use
removal and is addressed later in the document, Table 4 depicts the proposed site-
specific criteria for chloride, sulfate, and TDS, for the six waterbodies.

Table 3. Description of stream segments for which the proposed site-specific criteria
revisions and one drinking water use removal apply

CESNgTE P

Unnamed tributary into which Great Lakes Chemical Corporatnon outfalt 002 dlscharges
(UT002) to the confluence with Bayou de Loutre

' Unnamed tributary into which Great Lakes Chemical Corporation outfall 004 discharges
(UT004) to the confluence with Bayou de Loutre

Bayou de Loutre from the mouth of Outfall 004 mbutary downstream to the mouth of Gum -
Creek’

Unnamed tributary to an unnamed tributary of Little Cornie Bayou (1IT003)

Unnamed tributary of Little Cornie Bayou (UTLCB-2) to Little Comie Bayou

Little Cornie Bayou from the confluence of UTLCB-2 to the Arkansas/Louisiana State line®

Table 4. Proposed site-specific water quality criteria revisions for chioride, sulfate, and
TDS_ _fpr six waterbodies submitted by ADEQ 1) EPA for review and ap rovalr 7
diStreamiSegment ¥ BRECHioTias] (gL B G

il BPrevious lRe\usedﬁ ’"_".J ' ﬁRévi‘s”é"d i
uToD2 14 65 31 35 123 141
UT004 14 239 - - 123 324
Bayou de Loutre 250 278 — - -
uTo03 . 14 538 | 381 35 123 518

“* Bayou de Loutre — No action taken by EPA (January 3 , 2008) on removal of domestic water use
? Little Cornie-Bayon — Not identified for drinking water use removal
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nt g I ChiGride](mg/\ly i I S Ui Fate] (mg/Lt) B | AT D S1(ma/U) I

_ EREEM, 'WDrcviousH BRavised N N PreviousM| @Ravised | RrevidusRIBREvVISea N
UTLCB-2 14 305 - - 123 325
Little Cornie Bayou 200 215 20 25 - -
C. Lion Oil

Table 5 below provides a detailed description of the three streams for which the proposed
drinking water use removal apply for Lion Oil. EPA previously took no action in the
removal of the domestic water supply use for Loutre Creek and two of the nine segments
of Bayou de Loutre upstream of Gum Creek. Table 4 depicts the proposed site-specific
criteria for chloride, sulfate, and TDS, for the six waterbodies.

Table 5. Description of stream segments for wluch the proposed domestic water supply
dess gnated use removals apply.

ﬁﬁmm

Loutre Creek from Highway 15 South to the confluence of Bayou de Loutre

Bayou de Loutre from Loutre Creek to the discharge for the City of El Darado South facility*

Bayou de Loutre from the discharge for the City of EI Doraclo South downstream to the mouth
of Gum Creek**

Fable 6. Proposed siteaspeciﬁc water quality criteria revisions for chloride, sulfate, and
TDS, for Loutre Creek and nine segments of Bayou de Loutre submitted by ADEQ to
EPA for review and approval.

ItreamISegment. MChiGras] gy mgi - DEm) - |
Namic I Mrievicusl|MRaviscal lEm—vibu—sI WRevised M| MPEviousM | [Revised]
Loutre Craek 14 256 31 997 123 1756
Bayou de Loutre* . 250 264 30 . 635 500 1236
* Bayou de Loutre** Co- - © 80 431 500 966
Bayou de Loutre® - - 90 345 750 780
Bayou de Loutre® - - 90 206 - -
Bayou de Loutre® - - 90 263 - -

4 Bayou de Loutre — from the mouth of Gum Creck downstream to the mouth of Boggy Creek
Bayou de Loutre — from the mouth of Boggy Creek downstream to the mouth of Hibank Creek
i Bayou de Lontre — from the mouth of Hibank Creck downstream to the mouth of Mill Creek
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iSEtream s‘r'"gmenfl IRICHiGTiae](ma/ L) MR B Sulrate](ma L) NI DT OS]/ Fa|

Name EPrévious B |Revised i PrevicusM | MREvised Ml |l Previoiis M IRevised]
Bayou de Loutre” . - - 90 237 - -
Bayou de Lcutre® - - 90 216 - -
Bayou de Loutre® - - 90 198 - -
Bayou de Loutre™ - - 20 171 - -

II. REVISED PROVISIONS EPA IS DISAPPROVING
Site-Specific Criteria for Chloride, Sulfate, and TDS

Supporting documentation remains insufficient to demonstrate that the site-specific
minerals criteria for the waterbodies associated with EDCC, GLCC, and Lion Oil are
appropriately protective of aquatic life. Although Section 3.6.2 — “Whole Effluent
Toxicity (WET) Testing” of the August 17, 2007 submissions provided the resuits of
outfall biomonitoring for the water flea and fathead minnow, it remains unclear what
minetals concentrations (chloride, sulfate, and TDS) were associated with each of these
tests and whether or not the minerals concentrations during WET testing were
representative of the adopted site-specific minerals criteria under review for effluent
_receiving sireams.

The evidence included in the reports and subsequent materials requested by EPA do not
include a general evaluation or review of the site-specific criteria for associated )
waterbodies in light of the available scientific literature concerning the toxicity effects of
chloride, sulfate, and TDS to aquatic organisms. Supporting documentation from the
literature or other appropriate documentation is important for providing a clear
demonstration that the proposed site-specific criteria are appropriately protective of the
aquatic life uses (Gulf Coastal seasonal or perennial fishery) in these waterbodies. Such
information may alse be useful to supplement the biomonitoring information, especially
if the minerals concentrations present during the biomonitoring testing referenced above °
are not available or were not representative of the adopted site-specific minerals criteria
under review for receiving waterbodies (UTB - EDCC; UT002, UT003, UT004 - GLCC;
and Loutre Creek - Lion Oil)

Literature (Mount and Guiley)'11 cited in ADEQ’s August 14, 2008 response, proposes
that the development of the salinity/toxicity relationship (STR) mode!l supports higher

? Bayou de Loutre — from the mouth of Mill Creek downstream to the mouth-of Buckaloo Branch

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

? Bayou de Loutre — from the mouth of Bear Creek to the final segment of Bayou de Loutre:

 Bayou de Loutre (Final Segment) to the Arkansas/Louisiana state line

"' Mount, D.R. and D.D. Gulley. 1992. Development of a salinity/toxicity relationship to predict acute toxicity-of
saline waters to freshwater organisms. GRI1-92/0301. Gas research Institute, Chicago, IL, USA -
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acute lethality concentrations than those proposed in the criteria. EPA’s review of this
study indicates lower concentrations of ions in combination can adversely affect sensitive
-aquatic species, yet other combinations may ameliorate such effects. Thus, the necessity
for documentation and identification of specific mineral concentrations is critical to
supporting that protection of aquatic life uses will be met by the proposed criteria.

.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 demonsfrate adequate protection of aquatic life uses for the receiving and
associated waterbodies. Under 40 CFR §131.21(c), new and revised standards do not go
into effect for CWA purposes without EPA approval. EPA does not intend to propose or
promulgate criteria for the previously identified waters. Therefore, previous approved
numeric criteria under Regulation No. 2 (April 23, 2004) remain in effect.

If the State decides to pursue site~specific revisions for minerals in these waterbodies,
adequate supporting scientific documentation must be provided to show that the Gulf
- Coastal seasonal or.perennial fishery aquatic life uses will be protected. The previously
- requested mineral concentration data associated with outfall WET testing are necessary to
support that effluent being tested reflect proposed criteria values. If these values are not
available, use of 8TR modeling as well as background literature searches on ecoregion
species” salinity tolerances would provide a minimal level of support to the revision.

11, REVISED PROVISIONS EPA IS APPROVING

Domestic Water Supply Use Removals

EPA previcusly took no action concerning the remova) of domestic drinking water uses
for the waterbodies listed above for GLCC and Lion Qil. Documentation, in the form of
a letter from Arkansas Department of Health (ADH), showing that there were no current
-or proposed public drinking water considerations for these waterbodies was missing or
inadequate and therefore did not support the revision.

* Two letters, dated July 24, 2006 and May 12, 2008, from ADH were submitted by ADEQ
on EPA’s request subsequent to the study repori. The letters respectively -state that
Bayou de Loutre upstreamn of Gum Creek and Loutre Creek are not currently used as a
source of supply for a public water system, nor are they being considered for such use.

In addition, the UAA study cites two reasons (see 40 CFR §13 1.10(g)(2) and (5)) for why
the domestic water supply use is not an attainable use in Loutre Creek and the three
segments of Bayou de Loutre. Specifically, the report cites the infermittent nature of
these streams and lack of consistent base flow, along with the presence of shallow poals
and run areas that would not support the intake and- storage areas necessary for the
development of a domestic water supply system,
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EPA agrees with the conclusions of the study and approves the removal of the domestic
water supply use from Bayou de Loutre from the confluence of UT004 downstream to the
confluence of Loutre Creek for the GLCC submission. For Lion Oil, EPA approves the
removal of the domestic water supply use from Loutre Creek and two segments of Bayou
de Loutre between the confluence with Loutre Creek and confluence with Gum Creek.

1
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Appendix G

Tables and Figures of Dissolved Minerals during WET Test
G-1: WET Testing Summary Table
G-2: Set of Water Quality Tables
C-3: Dissolved Mineral by date and location



Appendix -1

WET Testing Summary Table



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

Ceriodaphnia dubia (Water Flea) Pimephales promelas (Fathead Minnow) Maximum Min
Survival | Survival | Survival | Repro. | Repro. | Repro. | Survival [Survival| Survival | Growth | Growth | Growth
Date Test initated CNTL 96% NOEL | CNTL | 72% [ NOEL CNTL 96% | NOEL | CNTL [ 72% NOEL TRC | Hardness | Alkalinity | Conductivity |TDS (est)| Se (ugl)| pH | D.O. | CL | sS04 | TDS |NOTES
PASSED ALL ENDPOINTS. NOTE depressed DO in FM tests chemistry. Passed despite Also contro
1/412000 100 100 96 184 | 197 9% 87.5 85 96 0355 | 0.203 96 0.01 79 110 2890 1879 81| 39 [ ona | ona | DNA less than 20
PASSED 3 or 4 ENDPOINTS. NOTE depressed DO in FM tests chemistry could have been cause for
6/20/2000 100 100 96 17 24.3 9% 100 97.5 96 0683 | 0.395 0 0.01 128 122 1963 1276 81 | 32 | DNA | DNA | DNA [gwth failure DO swing from 10.1to 3.4 Also control CD only 17 barely enough for valid test
Passed lethality, failed both sub-lethal endpoints. CD cntl repo was onlt 18.4, next highest 17.0
9/18/2000 100 90 96 18.4 147 0 975 975 96 0.663 0.44 41 0.01 104 72 3070 1996 78 | 43 DNA DNA DNA |also sig dif??? Need to review stats. FM DO swings significant
PASSED 3 of 4. Growth fsiure was ,0.05mg/larvae ( see details of tests results.Check stats &
1211212000 100 100 96 17.4 15 9% 100 100 96 0617 | 0538 72 0.01 72 132 2610 1697 8 | 55 | Dna | DNA | DNA_|reference performance). Note: Cd control only 17
3/31/2001 100 100 96 19.9 19 9% 90 87.5 96 0.446 | 0.202 72 0.01 84 80 2020 1313 8 | 51 | ona | DNA | DNA |PASSED 3 or 4 ENDPOINTS. Check the reference control performance of FM
PASSED LETHALITY, failed both sub-lethal endpoints. NEED DETAILS OF FATHEAD TESTS and
o/17/2001 90 100 96 228 | 125 54 975 100 96 0658 | 0.489 a1 0.01 92 132 2460 1599 8 | 71 | ona | DNA | Dna [control.
FAILED 3 or 4, including lethality for FM. NOTE at the 3rd LOWEST TDS recorded for the POR. NOT
12/4/2001 100 90 96 205 4 0 975 55 a1 0728 | 0.403 4 0.01 96 80 2100 1365 8 | 49 | ona | DNA | DNA |TDS RELATED. REVIEW THE DETAILS of Reference.
3/26/2002 90 100 96 198 | 184 9% 100 62.5 72 0.632 0.36 72 0.01 120 72 2170 1411 83 | 43 [ DNA | DNA | DNA [ALL PASSED but FM sub-lethal, not appear to be TDS related. Chech test details. NOTE DO swings
LT PASSED, NOTE THE RANGE BETWEEN CNLT REPO AND U6% repo. { 10°5 buT ot
different). Conductivity & TDS lowest of those recorded , not appear to be TDS related. Chech test
6/25/2002 80 100 96 266 | 161 9% 92.5 92.5 96 0453 | 0.505 96 0.01 64 108 2570 1671 8 | 45 | ona | DNA | DNA |detailsNOTE DO swings
71612002 na na na na na na 100 90 96 0.783 05 a1 0.1 68 72 2222722 78 | 4 | ona | DNA | DNA |FATHEAD RETEST summary PAGES not report datain 96% dilution
012312002 100 100 9 18 7.1 0 na na na na na na 2170 1411 81 | 78 | Dva | DNA | DNA [NASO4 spiked study 2222222222
12/16/2002 100 100 96 221 | 114 30 87.5 100 96 0.81 0.848 96 0.01 52 72 2700 1755 81| 4 | pna | DNA | DNA [Passed 3 of 4. CD repro see details of tests results.Check stats & reference performance).
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
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_|signifi diff from controls.
PASSED ALL ENDPOINTS. Note the cntl repro to subsequent tests. The
critical dilution rreoro doesn't really change with conductivity but is found to be
6/17/2003 100 100 96 23 22.9 72 82 96 96 0.932 1 96 0.01 112 56 2650 1723 79| 7.2 [ ona DNA | DNA|significantly diff reom controls.
PASSED ALL ENDPOINTS note CD cntl reduced. Conductivity greater than others
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 76| 7.6 | DNA DNA DNA [that failed. Check daily reporduction
PASSED ALL ENDPOINTS note CD cntl reduced. Conductivity greater than others
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 | 47 | bnA DNA DNA [that failed. Check daily reporduction
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.
1/20/2004 100 100 96 266 | 219 0 97.5 92.5 96 0.495 | 0.418 96 0.01 112 112 2370 1541 82|41 | ona DNA DNA_|REVIEW DAILY INDIVIDUAL DETAILS
PR UT Cd reproduction Note conductivity and cntl repro
(28.9) 14.7 in critical dilution. Breakpointbetween 54 and 41%. Need to review daily
5/4/2004 100 100 96 289 | 147 30 92.5 97.5 96 0.44 | 0.585 96 0.01 80 124 3580 2327 7.2 | 59 | 257 | 1020 | 2072 |records for individual repro characteristics.
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 (|
8/16/2004 100 90 96 24.6 149 54 na na na na na na 0.01 84 40 4380 2847 7.8 | 7.4 | 238 | 1230 | 2866 |[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 53| 8 345 | 1400 | 2756 |test replaced previous failure note conductivuty
12/7/2004 100 100 96 252 | 241 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
Passed all but Cd reproduction. 25neonates in critical dilution. Controls tight. Stats.
IALSO: the conductivity Isee than past or future yet diff in lowest dilition same a critical
2/28/2005 90 100 96 336 | 253 0 100 100 96 0.555 | 0.53 96 0.01 72 48 3140 2041 13 79|51 206 | 928 | 1974 [dilution.
Passed 3of 4, failed CD repo. Note Cd reproduction less than lowest dilution. Also,
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 |TDS lower than subsequent test with less NOTE DO 3.8
Failed FH groth in addition to CD repo. Note decreased DO, also the cond 350 less
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 | 55| pna | 1378 | ona |than 3rd gt 05 test
11/7/2005 100 100 96 237 148 54 95 82.5 96 0.87 0.62 72 0.01 92 80 3820 2483 11 8.3 | 83 | 210 | 1304 | 2604 | Passed 3 of 4 endpoints.CD dose response typical. Failed 1 of 4 endpoints.
PASSED both endpoints, Fathead minnow only, Water flea test invalid due to control
2/28/2006 - - - - == == 100 100 96 0.678 | 0.697 96 80 48 4120 2678 15 79| 5.8 | 171 | 1886 | 2848 [failure
PASSED both endpoints, water flea only, replacement test for previous month invalid
3/28/2006 90 60 96 216 | 188 96 - - - - - - 110 104 4060 2639 15 83| 7.7 | ona | 1100 | DNA |test
6/6/2006 100 100 96 276 | 108 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.
Passed 3 of 4 in 96% effluent, lethality failed in 96 % effluent but passed in the next
|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 [ ona | 1183 | 2376 [dilution of series 72%




9/18/2006 100 80 96 20.6 124 54 116 48 3640 2366 34 78| 72| pnA 717 | 1848
10/24/2006 100 100 96 19.2 | 20.2 96 104 56 3350 2178 28 81| 74| ona DNA DNA
11/14/2006 100 100 96 205 | 17.3 72 104 76 3410 2217 21 82| 7.1 | ona | 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 79| 62| ona | 655 | 1768 | Passed fathead minnow Failed Water flea

CD RETEST Passed water flea lethality, failed repo. Note TDS 1000 more than Feb
3/27/2007 100 30 72 28 18.1 30 0.01 128 52 4610 2997 36 79| 7.6 | ona | 1366 | 1946 (2008 but still passed lethality. Lethality not TDS ( mineral) related.

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

PASSED BOTH ENDPOINTS Note TDS 1000 more than Feb 2008 but still passed
5/15/2007 100 100 96 22.2 19.3 96 0.01 140 76 3650 2373 28 74| 74| ona 910 | 2152 |lethality. Lethality not TDS ( mineral) related

Passed 3 of 4 endpoints. Passed CD lethality and Fathead Lethality & growth. Note
6/12/2007 100 70 96 265 | 186 30 87.5 97.5 96 0.785 | 0.76 96 0.01 146 52 4030 2620 23 7.8 | 6.9 [ ona | 1089 | 1956 [high conductivity. Reproduction 13.6 in 96%

PASSED ALL ENDPOINTS Note TDSmore than Feb 2008 but still passed lethality.
|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 |Lethality not TDS ( mineral) related

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. Note TDS more than
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 |73 - | 1171 | -- |Feb 2008 but still passed lethality. Lethality not TDS ( mineral) related

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. NO EFFECTS
2/19/2008 100 100 96 175 | 16.6 96 100 100 96 1.023 | 1.013 96 0.01 96 52 2600 1690 0 79177 - 651 | 1672 |EITHER END POINT

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. NO EFFECTS
4/22/2008 100 100 96 239 23 72 100 97.5 96 0.723 | 0.855 96 0.01 78 76 3030 1970 13 81 73| 196 871 | 1958 |EITHER END POINT

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. NO EFFECTS
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 74|52 |178.8| 1011 | 2242 |[EITHER END POINT

Passed 3 of 4 endpoints. Passed CD lethality and Fathead Lethality & growth. Note
10/20/2008 90 80 96 213 | 215 72 100 100 96 0.915 1.13 96 57-68 34-52 3520 2288 7.9 |82 | 169 | 1232 | 2374 |high conductivity. Reproduction 10.9 in 96%

Passed 3 of 4 endpoints. Passed CD lethality and Fathead Lethality & growth. Note
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 | 82 | 1247 | 1085 | 2348 |high conductivity. Reproduction 2.2 in 96% . NOEC down to 30% effluent

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. NO EFFECTS
|5/12/2009 100 100 96 219 21.8 96 90 97.5 96 0.715 [1.0738 96 56-64 48-60 2940 1911 8.1 106 597 | 1536 |EITHER END POINT

PASSED ALL ENDPOINTS including Cd repo in 72% effluent. NO EFFECTS
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 [EITHER END POINT

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. NO EFFECTS
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 [ 2154 | 934 | 1322 |EITHER END POINT

PASSED 3 of 4 ENDPOINTS, failed Cd repo in 96% effluent. TDS measures in
2/16/2010 100 100 96 20.3 238 30 95 100 96 1.02 | 0.978 96 64-72 68-100 2720 1768 7.4 | 7.9 [299.3660.9 | 1606 [100% 1854mg/L, NH3 at 0.48.

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. NO EFFECTS
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 |EITHER END POINT

Cd only,PASSED lethlity ENDPOINTS but with non-does response curve,

indicative of questionalble org..., Cd repo 41% effluent. Minnow invalid due to
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 |only 45% survival---TDS measures in 100% 2190mg/L, NH3 at <0.25mg/L.

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. NO EFFECTS
6/15/2010 90 100 96 205 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 |EITHER END POINT.non-dose response in lower dilutions. Measured tDS = 2080mg/L

PASSED ALL ENDPOINTS including Cd repo in 96% effluent. NO EFFECTS
7/13/2010 100 90 96 25.6 21.7 72 875 97.5 96 0.428 | 0.443 96 80-92 56-70 3030 1970 8 7 300 | 931.6 | 2130 |[EITHER END POINT.non-dose response in lower dilutions. Measured tDS = 2130mg/L

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
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 |indicating sensitive culture condition.

Cd only---PASSED both ENDPOINTS, Cd repo 96% effluent. TDS measures in
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 [100% 2190mg/L, NH3 at <0.25mg/L.




Appendix G-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.

Total
Alkalinity Hardness
Flow Temp DO S.Cond Turb. CaCo3 TDS Chloride Sulfate TSS |(as CaCO3)
Station Date Time (cfs) (°C) (mg/L) (nS) pH (su) (ntu) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 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 15 54.6 1690 206 1090 4.0 57
** calculated from dissolved
Average 33 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 15 35.2 1340.0 16.4 65.2 1.0 57.0
Max 3.9 28.8 9.8 3880.0 8.7 331 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 53 1.4 810.7 0.4 10.3 17.4 485.3 120.5 391.8 5.0 13.2
Median 34 241 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.

Total
Hardnes
Alkalinity s (as
Flow Temp DO S.Cond Turb. CaCo03 TDS TSS Chloride Sulfate | CaCO3)
Station Date Time (cfs) (°C) (mg/L) (uS) pH (su) (ntu) (mg/L) (mg/L) [ (mg/L) (mg/L) (mg/L) 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 34 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 6.5 135 621.4 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.

Total
Alkalinity Hardness
Flow Temp DO S.Cond Turb. CaCo3 TDS Chloride | Sulfate TSS | (as CaCO3)
Station Date Time (cfs) (°C) (mg/L) (1S) pH (su) | (ntu) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) mg/L
LC-4 4/16/2009 1715 4.72 241 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 7.7 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 53 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 1636.2 224.8 818.3 111 74.0
Min 2.5 121 53 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.

Total
Hardnes
Alkalinity s (as
Flow Temp DO S.Cond Turb. CaCoO3 TDS Chloride | Sulfate TSS | CaCO3)
Station Date Time (cfs) (°C) (mg/L) (uS) pH (su) (ntu) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) 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 11.3 233 100.0
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 33 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.

Total
Alkalinity Hardness
Flow Temp DO S.Cond Turb. CaCoO3 TDS [Chloride| Sulfate TSS |[(as CaCO3)
Station Date Time (cfs) (°C) (mg/L) (uS) pH (su) [ (ntu) (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) 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 41 9.0 12 12810 7.1 8.4 52.7 690.0 135.0 371.0 6.0 49.0
Max 10.9 27.9 111 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 53 24.7 73 2010.0 7.4 13.9 87.1 1100.0 159.0 548.0 11.0 76.0




Appendix 6-3

Dissolved Mineral by Date and Location
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Appendix D

GRI STR Modeling Results



Lion Oil STR Results

L001
1l
GRI-FW STR (TM) Program [
Version 1.02 ||
I
PREDICTED LC50s FOR THE TEST SOLUTION 1l
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... ||




L001b

GRI-FW STR (TM) Program I
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... I




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... ||




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... ||




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... ||




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... ||




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... ||




BDL-LADb

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... ||




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 Lion001 | LC-4 | BDL-2 | BDL-3 | BDL-6 [ BDL-LA
Field Crew SKH/REM
Time 1405 1430 1530 1545 1400 1315
Chloride 212 191 190 191 160 176
Fluoride <0.500 <0.500 <0.500 <0.500 <0.500 <0.500
Sulfate 1060 1010 997 981 461 157,
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 11 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
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]

001
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Appendix F

Artificial Matrix Developed Chemistry
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Arkansas Ancilyfical
fnc.

11701 1-30 Bldg 1, Ste 115 - Little Rock, AR 72209
501-455-3233 Fax 501-455-6118

03 August 2009

Roland McDaniel
GBMC & Associates
219 Brown Lane
Bryant, AR 72022

RE: Lion Qil
SDG Number: 0907191

Enclosed are the restilts 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 v

Containers Intact v

CQOC/Labels Agree v

Preservation Confirmed v

Received On lce v

Temperature on Receipt 10.0°C
Sincerely,

Norma James
President

This document is intended only for the use of the person{s} to whom i Is expressly addressed. This document may
confain information that is confidential and legally privileged. H you are not the Intended recipient, you are notified that
any disclosure, distribution, or copying of this document Is strictly prohibited. If you have recelved this document in
error, please destroy.




Adkonses Anobvticol
I,

03 August 2009

Roland Mcbaniel
GBMC & Associates
219 Brown Lane

Bryant, AR 72022
Project: Lion Qil

Date Received: 16-Jul-09 10:15

ANALYTICAL RESULTS
' Lab Number: 0907191-01
Sample Nams: BDL-LA
Date/Time Collected: 7115109 13:15
Sample Matrix: Water
Anions  Units Result Date/Time Analyzed Batch Method
Chloride mg/L 176 7116/09 20:52 AQO7167 300.0/9056A
Fluoride ma/L < 0.500 7M8/09 14:13 AGDT167 300.0/9056A
Sulfate as SO4 mg/L 157 7M6/09 20:52 AS07167 300.0/9056A
Nitrate as N mglL < 0.500 7/16/09 14:13 A907187 300.0/9056A
Nitrite as N mg/L. < 0.500 7HB/09 14:13 A907167 300.0/9056A
Hardness by Calculation  Units Result Date/Time Analyzed Batch Method
CaCo03 mg/l. £6.6 7/28/09 16:17 [CALC] [CALC)
Total Metals  Units Result Date/Time Analyzed Ratch Method
Aluminum mgfL 0.095 7/20/09 19:34 A907186 200.7
Arsenic mgfL <0.050 712008 19:33 ABOT186 200.7
Barium mg/L ' 0.093 7/20/09 19:34 AS07186 200.7 :
Boron mg/L 0.1 7/20/09 19:35 AS07186 2007
Cadmium  mg/L <0.008 7120/09 19:37 Ag07186 200.7
Calcium  mgft 18.2 7/20/09 19:42 A907186 200.7
Chromium  mgA. < 0.020 7/20/09 18:36 A907186 200.7
Copper ma/l. <0.005 7/20/09 19:33 AB07186 200.7
Iron mg/L 0.995 7/20/09 19:36 A907186 200.7
Lead mo/l. < 0.022 7/20/09 19:37 -A907186 200.7
Magnesium mg/L 5.13 7/20/08 19:36 AB07186 200.7
Manganese mg/t 5.29 7/20/08 19:.42 AS07186 200.7
Nickel mg/L <Q.010 7/20/09 19:34 AS07186 200.7
Potassium mg/L 15.9 7/20/09 19:38 AS07186 200.7
Selenium mglL <0.081 7/20/09 19:33 ABD7186 200.7
Sificon mgfl. 143 7/24/09 15:49 A907186 200.7
Sodium mg/L. 20 7/20/09 19:46 AS07186 200.7
Zine  mgl < 0.005 7/20/09 19:37 AS07186 2007 °
Wet Chemistry  Uniis Result Date/Time Analyzed Batch Method
Ammonia as N mg/lL. <0.50 7/23/09 8:03 A907221 A500-NH3D
Specific Conductance (EC)  uS/cm 1210 7/20/00 15:27 A907190 120.1
TDS mg/L 750 7THM7/09 14:51 A907178 2540C
TOC mg/L 255 7/21/09 13.06 ASB0T7187 5310/9060A
Totai Atkalinity mgfk 189 7/21/09 15:00 ABD7233 2320B
TSS mg/L. 76 7/17/09 10:14 ARD7172 2540D
Bicarbonate Alkalinity mg/i. 189 7/21/03 15:00 AB07234 2320B
Carbonate Alkalinity mgfL <50 7/21/09 15:00 AD07235 2320B
Total Inorganic Carbon mgfL 46.3 7/28/09 ©:.49 AS07225  5310/9060A mod.
Page 2 of 11 This report must be reproduced in its entirety.




03 August 2009

Roland McDaniel
GBMC & Associates
219 Brown Lane
Bryant, AR 72022
Project: Lion Oil

Date Received: 16-Jul-08 10:15

ANALYTICAL RESULTS

Arkonsos

»1%:%5
~‘mof3,*fs’e‘_?c:?\

Lab Number:
Sample Name:
Date/Time Collected:
Sample Matrix:

Anions
Chioride
Fluoride

Sulfate as S04
Nitrate as N
Nitrite as N

Hardness by Calcutation
CaC03

Total Metals
Aluminum
Arsenic
Barium
Boron
Cadmium
Calcium
Chromium
Copper

iron

| ead
Magnesium
Manganese
Nickel
Potassium
Selenium
Silicon
Sodium
Zinc

Wet Chemislry
Ammeonia as N
Specific Conductance (EC)
TDS
TOC
Total Alkalinity
TSS
Bicarbonate Alkalinity
Carbonate Alkalinity
Total Inorganic Carbon

Units
mg/L
mg/L
mg/L
mg/L
mg/L

Units
mg/l.

Units
mg/L
mg/L
mg/L
mg/L
mg/L
mgft
mg/L
mgfL
mg/l.
mg/L
mg/L
mgL
mgfl
mg/L
mg/L
mghL
mg/L
mg/L

Units
mgfL
uSfcm
mg/t.
mg/L
ma/l
mg/lL
mg/t.
mg/l.
mg/l.

0907191-02
BDL-6
75109 14:00
Water

Result
160

< 0.500
461

< (0.500

<0.500

Result
43.3

Result
0.218
< 0.050
0.088
0.196
<(.008
17.3
< {3.020
<0.005
1.10
< 0.022
3.64
1.1
<(.010
9.42
< (0,081
3.36
311
0.009

Result
<0.50
1760
1100
1141
131
586
131
<50
334

Date/Time Analyzed Batch Method
7A6/09 21:14 ASO7167 300.0/9056A
7M6/09 14:35 AS07167 300.0/9056A
THTI0S 8:27 AB07167 300.0/9056A
7M16/09 14:35 AS07167 300.0/0056A
7116/08 14:35 ABD7167 300.0/5056A

Date/Time Analyzed Batch Methed
7/20/09 19:52 [CALC] [CALCY

Date/Time Analyzed Batch Method
7/20/09 18:50 ABOT186 200.7
7/20/09 19:49 AS07186 200.7
7/20/08 19:50 AS07186 200.7
7/20/09 19:51 A907186 200.7
7/20/09 19:53 AQ07186 200.7
7720/09 19:57 AS07186 200.7
7/20/09 19:52 AS07186 200.7
7120/08 1949 A907186 200.7
7120/09 19:52 AB07186 200.7
7120/08 19:53 ASCT186 200.7
7/20/09 19:52 A907186 200.7
7/20/09 19:51 A907186 200.7
712009 19:50 AZ07186 200.7
7/20/09 19:54 AB07186 200.7
7/20/09 19:49 ABDT7186 200.7
7/21/09 1552 A907186 200.7
7/20/09 19:48 AQ07186 200.7
7/20/09 19:53 A907186 200.7 =

Date/Time Analyzed Batch Method
7123109 8:03 AS07221 4500-NH3D
T120/09 15:27 AB07190 1201
THTI0S 14:51 ABDOT178 2540C
7/21/09 13:06 A9D7187 5£310/2060A
7/21/09 15:00 AB07233 2320B
7M7/09 10:14 AQ07172 25400
7/21/09 15:00 AS07234 23208
7121109 15:00 AS07235 2320B
7128109 9:49 AS07225  5310/9060A mod.

Page 3 of 11

This report must be reproduced in its entirety.




03 August 2009

Roland McDaniel
GBMC & Associates
219 Brown Lane
Bryant, AR 72022
Project: Lion Oil

Date Received: 16-Jui-09 10:1%

AMALYTICAL RESULTS
Lab Number: 0907191-03
Sample Name: Lion 001
DatefTime Collected: 7115109 14:05
Sample Matrix: Water
Anions  Units Result Date/Time Analyzed Bafch Method
Chioride mg/L 212 717109 8:48 AXT167 300.0/9056A
Fluoride  mgiL < 0.500 716109 14:57 AQ07167 300.0/8058A
Sulfate as 504 mg/L 1060 7/17/08 8:49 AQ07167 300.0/9056A
Nitrate as N mgfL 9.38 7116/09 1457 AZQT7167 300.0/9056A
Nitriteas N mg/L <0.500 716/03 14:57 AQ0T167 300.0/2056A
Total Metals  Units Resuit DatefTime Analyzed Batch Methad
Aluminum mg/L 0.252 7/20/09 20:17 AZ07186 200.7
Arsenic mg/L. < 0.050 7/20/09 20:16 AQ07186 200.7
Barium mg/l 0.142 7/20/08 20018 AB07186 200.7
Boron ma/L 0.245 7/20/09 2019 AS07186 200.7
Cadmium mg/L < {0.008 7/20/09 20:21 A907186 2007
Calcium mg/L 28.6 7/20/09 20:25 AB07186 200.7
Chromium mg/L <0.020 7/20/09 20:20 AS07186 200.7
Copper mgfi < (.005 7120409 20:17 AS07186 200.7
iron mg/L 0.121 7/20/09 20:19 ABO7186 200.7
Ltead mg/L. <0.022 7120109 20:21 AQ0T7186 200.7
Magnesium mg/L 4.07 7/20/09 20:20 A90T186 2007
Manganese mg/L 0.047 7/20/09 20:18 AB07186 200.7
Nickel mg/i <0.010 7/20/08 20:18 AQQ7186 200.7
Potassium mg/t 9.7 7720008 20:21 A90T186 200.7
Selenium mgfl. < 0.081 7/20/09 2017 A907186 200.7
Silicon mg/L 7.65 7/21/09 16:08 AS07186 200.7
Sodium mgi 615 7/20/08 20:16 AS07186 200.7
Zinc mg/b 0.028 7120109 20:20 AQ0T186 2007
Wet Chemistry ~ Units Result Date/Time Analyzed Batch Method
AmmoniaasN  mgiL <050 7/23/09 8:03 AS07221  4500-NH3D
Hardness mglL 86.0 7/22/09 16:40 AZO7207 2340 C
Specific Conductance (EC) uSlem 3030 7/20/09 15:27 AS07190 1201
TDS mg/L 2000 THTI09 14:61 AGOT178 2540C
TOC mgiL a.32 7/21/09 13:06 AB07187 5310/2060A
Total Alkalinity mg/L 340 7/21/08 15:00 AZD7233 23208
T8S mg/L 6.0 7H7/09 10:14 AS07172 2540D
Bicarbonate Alkalinity mg/L 34.0 7/21/09 15:00 AD07234 23208
Carbonate Alkalinity mgiL <5.0 7/21/09 15:00 AS07235 23208
Total Inorganic Carbon mg/L 8.02 7/28/09 9:49 ASD7225  5310/9060A mod.

Page 4 of 11

This report must be reproduced in its entirety.




03 August 2009

 Roland McDaniel
GBMC & Associates
219 Brown Lane *

Bryant, AR 72022
Project: Lion Ofl

Date Received: 16-Jul-09 10:15

Arkons

nc.

as Analvico

i "‘»;v..\\

ANALYTICAL RESULTS
Lab Number: 0907191-04
Sample Name: LC-4
Date/Time Collected: TH5/09 14:30
Sample Matrix: Water
Anions  Units Result Date/Time Analyzed Batch Method
Chloride mg/l. 191 71709 911 AB07167 300.0/9056A
Fluoride mg/L < 0.500 7/16/00 15:18 AQ07167 300.0/9056A
Sulfate as S04 ma/L 1010 7109 9:11 A907167 300.0/0056A
Nitrate as N mg/L 8.71 7/16/09 15:19 A907167 300.0/9056A
Nitrite as N mg/t < 0.500 716/08 15:19 AOQ07167 300.0/9056A
Total Metals Units Resuit Date/Time Analyzed Batch Method
Aluminum mg/i. 0.2%0 7/20/08 20:29 A907186 200.7
Arsenic mgA. < 0.050 7120109 20:28 AS0T186 2007
Barium mg/l. 0.127 7/20/09 20:29 AG07186 200.7
Boron mg/L. 0.246 7120109 20:30 AS07186 200.7
Cadmium mg/L <(1.008 7120009 20:32 A9D7186 200.7
Calcium mg/L 274 72009 20:36 AS07186 200.7
Chromium mg/L < (0.020 7/20/09 20:31 AZ07186 200.7
Copper mg/t. < 0.005 7/24/09 8:43 ASB07186 200.7
iron mg/L 0.257 7120/09 20:31 AD0T7186 200.7
Lead mg/L <(.022 7120109 20:32 AB07186 2007
Magnesium mgfL 4.13 7/20/09 20:31 AB07186 200.7
Manganese mg/L 0.050 7/20/09 20:30 AQ07186 200.7
Nickel — mgll <0.010 7/20/09 20:29 AQ0T186 200.7
Potassium mg/L 973 772009 20:33 ASOT186 2007
Selenium  mgiL <0.081 7/20/09 20:28 AQ07186 200.7
Silicon mg/L 7.78 7121109 16:14 AS07186 200.7
Sodium mg/l. 559 7/20/09 20:27 AQ07186 200.7
Zine mo/t 0.018 7120/09 20:32 AQ07186 200.7
Wel Chemistty  Units Result Date{Time Analyzed Batch Method
Ammonia as N mg/L <0.50 7/23/09 8:03 AQ907221 4500-NH3D -
Hardness mgfL - 84.0 7122109 16:40 A907207 2340 C
Specific Conductance (EC})  uS/cm 2860 7/20/09 15:27 A907190 120.1
TDS mg/L 1900 7709 14:51 AS07178 2540C
TOC mg/L 8.06 7/21/09 13:06 AQ07187 5310/9060A
Total Alkalinity mg/L 42.0 7/21/09 15:00 A907233 2320 B
TSS mg/L. 20 7H7/09 10:14 A907172 25400
Bicarbonate Alkalinity mg/L 420 7i21/09 15:00 A07234 23208
Carbonate Alkalinity myL <50 7/21/08 15:00 AB07235 23208
Tota! Inorganic Carbon mg/L 8.09 7/28/09 949 AQ07225  5310/9060A mod.

Page 5 of 11

This report .mu.st. be reproduced in its entirety.




03 August 2008

Roland McDaniel
GBMC & Associafes
219 Brown Lane ™
Bryant, AR 72022
Project: Lion Oit

Date Received: 18-Jul-09 10:15

ANALYTICAL RESULTS

Arkansos Anshacol

I

Lab Number:
Sample Name:
Date/Time Collected:
Sample Matrix:

Anigns  Units

Chioride mg/L

Fluoride mg/L

Sulfate as S04 mg/L
Nitrate as N mg/L

Nitrite as N mafl.

Total Metals  Units
Aluminum mgfl

Arsenic mg/L

Barium mg/lL

Boron myfl

Cadmium mg/L

Calcium mg/t.

Chromium mgf

Copper mg/l.

Iron mg/L

Lead mg/L

Magnesium mg/L
Manganese mg/L

Nickel mg/L

Potassium mg/L
Selenium mgiL

Silicon mgfL

Sodium mg/L

Zing mg/L

Wet Chemistry  Units
Ammonia as N magft.
Hardness mg/t

‘Specific Conductance (EC) uS/cm
TDS mg/L

TOC mg/lL

Total Alkalinity mg/L

188 mgiL

‘Bicarbonate Alkalinity mgfL
Carbonate Alkalinity mg/iL
Total Incrganic Carbon mg/L

0907191-05
BDL-2
7M5/09 15:30
Water

Resuit
190

< 0.500
997
8.45

< 0.500

Result
0.216
< 0.050
0.128
0.240
< (0.008
261
< 0.020
< 0.005
0.473
<0.022
413
0.100
<0.010
8.95
<10.081
7.47
552
0.013

Result
< 0.50
82.0
2770
1900
8.28
43.0
8.8
43.0
<50
9.84

Date/Time Analyzed Batch Method
THTI08 9:34 ADRT7167 300.0/9056A
7M6/09 15:42 AS07167 300.0/9056A
TM7/08 9:34 ASQT187 300.0/9056A
71609 15:42 ABOT167 300.0/2056A
7116/08 15:42 ABO7167 300.0/9056A

Date/Time Analyzed Batch Method
7/20/08 20:40 - ABO7186 200.7
7/20/09 20:39 ABO7186 200.7
7/20/09 20:41 AB07186 200.7
7/20/08 20:41 ABD7186 200.7
7120/09 20:44 A907186 200.7
72009 20:47 A9B07186 200.7
7/20/09 20:42 AB07186 200.7
7/20/08 20:40 AB07186 200.7
7/20/08 20:42 AQ07186 200.7
7/20/08 20:43 AD07186 200.7
7720/09 20:42 AS07186 200.7
7120/09 20:42 AB07186 200.7
7120/03 20040 AS07186 200.7
7/20/09 20:44 ASD7186 200.7
712009 20:39 A907188 200.7
7121108 16:21 AQ07186 200.7
7/20/08 20:38 AZO7186 200.7
7720008 20:43 AB07186 200.7

Date/Time Analyzed Batch Method
7/23/09 8:03 A907221 4500-NH3D
7/22/09 16:40 A907207 2340 C
720109 1527 A907180 120.1
TH7/09 14:51 AB07178 2540C
7721109 13:06 AS07187 5310/9060A
7125108 15:00 AS07233 2320B
717/09 10:14 AQ07172 2540D
7/21/09 15:.00 AS07234 23208
7/21/09 15:00 A907235 2320B
7/2B/09 9:49 A907225  5310/906CA med.
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03 August 2009

Roland McDanie!
GBMC & Associates
219 Brown Lane *

Bryant, AR 72022
Project: Lion Oil

Date Received: 16-Jul-09 10:15

ANALYTICAL RESULTS

Lab Number:
Sample Name:
Date/Time Collected:
Sample Matrix:

Aniong
Chloride
Fluoride

Sulfate as S04
Nitrate as N
Nitrite as N

Total Metals
Aluminum
Arsenic
Barium
Boron
Cadmium
Calcium
Chromium
Copper
iron

Lead
Magnesium
Manganese
Nickel
Potassium
Selenium
Silicon
Sodium
Zinc

Wet Chemistry
Ammonia as N
Hardness

Specific Conductance (EC)
TDS

TOC

Total Alkalinity

TS8

Bicarbonate Alkalinity
Carbonate Alkalinity
Total Inorganic Carbon

Units
mg/L
mg/L
mgf.
mg/L
mgit

Units
mg/L
mgit.
mg/L
mg/L
mg/L
mgiL
mg/L
mgll.
mg/L
mg/L
maf/l
mgfL
mgiL
mg/L
mgfL
moi.
mg/L
mgil

Units
mg/L
mg/L
uS/em
mg/L
mgft.
mgfL
mg/L
mg/L
mg/L
mgfL

0907191-06
BDL-3
7H15/09 15:45
Water

Resuit
1M1

< 0.500
981
8.49

< 0.500

Result
< {0.50
- 88.0
2780
1800
8.27
40.0
8.0
40.0
<50
9.80

Date/Time Analyzed Batch Method
717109 9:56 A907167 300.0/9056A
7M16/08 16:04 A907167 300.0/2056A,
7M7I08 956 ABQ7167 300.0/9056A
THE/02 16:04 AS907167 300.0/9056A,
7H6/08 16:04 AQ07167 300.0/9056A

Date/Time Analyzed Batch Method
7/20/09 2051 AQ07186 200.7
7120/09 20:50 A907186 200.7
7/20/08 20.52 AB0T7186 200.7
7/20/08 20:53 AS07186 2007
7/20/09 20:55 AB07186 200.7

©OT20/08 20:59 A907186 2007
7/20/08 20:53 A9D7186 200.7
7120/09 2G:51 A907186 200.7
7720/09 20:53 A907186 200.7
7120/09 20:55 AG07186 2007
720109 20:54 A907186 200.7
7120/09 20:53 A907186 200.7
7/20/09 20:52 AS07186 2007
7120/09 20:55 AS07186 2007
7120108 20:51 AS07186 2007
7121109 1627 AQ07186 200.7
7120/09 20:50 AS07186 2007
7/20/09 20:54 AS07186 200.7

Date/Time Analyzed Baich Method
7/23/09 B:03 AQ07221 4500-NH3D
7/22/09 16:40 AB07207 2340C
7/20/09 15:27 A907190 12009
71709 14:51 AS07178 2540C
7121109 13:06 AQ07187 5310/9060A
7/24/09 15:00 A907233 23208

CTHTI09 10:14 AQ07172 25400
721409 15:00 A907234 2320B
7/21/08 15:00 A9D7235 2320B
7/28/08 ©.49 A90DT225  5310/3060A mod.
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03 August 2009

Roland McDanied
GBMC & Associates
219 Brown Lane ~

Bryant, AR 72022
Project: Lion O#

Date Received: 16-Jul-09 10:15

ANALYTICAL RESULTS

i
Arkonsas Anolytio

iz

Lab Number:
Sample Name:
DatefTime Collected:
Sample Matrix:

Anions Uriits

Chloride mg/L

Fluoride mg/L

Sulfate as S04 mg/L
Nitrate as N mg/l.

Nitrite as N mag/L

Total Metals Units
Aluminum mg/L

Arsenic mgil.

Barium mg/L

Boron mg/b

Cadmium mg/L

Calcium mgit

Chromium mg/L

Copper mg/L

Iron mg/L

Lead mg/l

Magnesium mg/L
Manganese mg/L

Nickel mg/L

Potassium mg/l
Selenium mg/L

Siicon mg/L

Sodium mg/L

Zinc mg/L

Wet Chemistry  Units
Ammonia as N mg/L
Hardness mg/L

Specific Conductance (EC)  uS/cm
TDS mg/k

TOC mg/L

Total Alkalinity ma/L

T8S mg/L

Bicarbonate Alkalinity mg/L
Carbonate Alkalinity mg/L
Total tnorganic Carbon mg/L

090719107
BOL-O
715109 12:00
Water

Result
< 0.500
< 0.500
<{.500
< (0.500
< 0.500

Resuit
< {.030
< 0.050
< (.005
<0.100
< {.008

0.292
<(,020
< 0.005
< 0.010
<(0.022
<0100
<0.010
<0.010
<0100
<{.081

3.41
<1.00
<0.005

Result
<0.50
<20
6.00
85
<1.00
<50
<1.0
<50
<50
1.83

Date/Time Analyzed Batch Method
7M16/09 16:26 AS07167 300.0/8056A
7/16/09 16:26 AB07167 300.0/9056A
71186/09 16:26 AB07167 300.0/9058A
7/16/09 1626 ABO7167 300.0/5056A
7/16/09 16:26 AB07167 300.0/9056A

Date/Time Analyzed Batch Method
7/20/09 21:03 AD07186 2007
7/20/09 21:02 AB07186 200.7
7/20/08 21:03 AZ07186 200.7
7/20/08 21:04 AQO7186 200.7
7/20/08 21:06 AZ07186 200.7
7/20/108 21:05 ABD7186 200.7
7/20/08 21:05 AQ07186 200.7
7/21/09 8:45 AB0O7188 200.7
7/20/09 21:04 AQ07188 2007
7/20/09 21:086 AQD7186 200.7
7/20/09 21:05 AB07186 200.7
7/20/09 21:04 AS07186 200.7
7/20/09 21:03 ABO7186 200.7
7/20/09 21:07 ABO7186 200.7
7/20/09 21.02 AS07186 200.7
7/21/09 16:29 A907186 200.7
7/20/09 21:01 AS07186 200.7
7/21/08 8:46 AB07186 200.7

Date/Time Analyzed Batch Method
7123/09 8:03 AQ07221 4500-NH3D
7/22/09 16:40 AS07207 2340C
7/20/09 1527 AQ07180 120.1
7/17/09 14:51 AQ07178 2540C
7/21/09 13.06 AB07187 5310/9060A
7/21/09 15:00 A907233 2320B
7M17/09 10:14 AQ07172 2540D
7/21/09 15:00 AB07234 2320B
7/21/09 15:00 A907235 2320B
7/28i09 9:49 AQ07225  5310/9050A mod.
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03 August 2009

Roland McDaniel
GBMC & Associates
219 Brown Lane *
Bryant, AR 72022
Project: Lion Oil

Inc.

Date Received: 16-Jui-09 10:15
QUALITY CONTROL RESULTS

Anions - Batch: AS07167 (Water)
Prepared: 16-Jui-09 14:09 By: WF - Analyzed: 17-Jul-09 01:18 By: MEL

Analyte BLK LCS / LCSD M5 / MSD Dup RPD Qualifiers
Chloride <0.500 mg/L 102% NA 102% + 102% 0.0746%
Fluoride <0.500 mg/L 106% f NA 105% ¢ 106% 0.685%
Nitrate as N <0.500 mg/L 101% NA 102% 7 102% 0.734%
Nitrite as N <0.500 mg/L 1M0% NA 112% 1 113% 0.928%
Sulfate as S04 <0.500 mg/L 101% ¢ NA 103% /7 103% 0.0941%
Wet Chemistry -- Batch: AS07172 (Water)

Prepared: 17-Jul-09 10:14 By: AP -- Analyzed: 17-Jul-09 10:14 By: AP
Analyte BLK LCS fLCSD MS /MSD Dup RPD Qualifiers
TSS <1.0 mg/L 102% 7 96.2% NA / NA 5.83%

Wet Chemistry — Batch: AS07178 (Water)

Prepared: 17-Jul-09 14:51 By: AP -- Analyzed: 17-Jul-0% 14:51 By: AP
Analyte BLK LCS /LCSD MS / MSD Dup RPD Qualifiers
TDS <1.0 mg/L 104% f 104% NA ! NA 0.00%

Total Metals -- Batch: A907186 (Water)

Prepared: 20-Jul-09 09:13 By: TT -- Analyzed: 20-Jul-09 18:46 By: RH
Analyte BLK LCS /LCSD MS / MSD Dup RPD Qualifiers
Aluminum <0.030 mg/L 111% NA 119% 7 120% 0.719%
Arsenic <0.050 mg/L 110% 1 NA 116% /7 116% 0.487%
Barium <0.005 mg/L 107% | NA i06% / 100% 223%
Boron <0.100 my/L 101% / NA 101% 7 103% 1.53%
Cadmium <(.008 mg/L 113% f NA 1M10% / 112% 1.59%
Calcium <0.100 mg/L 105% | NA 825% ;7 86.1% 1.82%
Chromium <0.020 mg/L 105% ¢ NA 105% + 107% 2.30%
Copper <0.005 mg/L 101% 7/ NA 12% ¢+ 111% 0.894% .
‘Iron. <0.010 mg/L 101% NA 843% / 885% 3.40%
Lead <0.022 mg/L 944% 1 NA 944% | 97.3% 2.72%
‘Magnesium <0.100 mg/L 105% 7 NA 1% 7 116% 3.83%
Manganese <0.010 mg/L 108% [/ NA 106% ¢ 108% 1.56%
Nickel <0.010 mg/L. 109% / NA 107% + 110% 2.47%
Potassium <0.100 mg/L 91.7% f NA 920% / 104% 7.35%
Selenium <0.081 mg/L 108% f NA 101% / 108% 6.64%
Silicon <0.050 mg/L 108% ¢ NA 97.0% ( 116% 1.91%
Sodium <1.00 mg/L 90.8% ¢ NA MBA / MBA 2:92% MBA
Zinc <(.005 mg/L. 98.5% 7 NA 1M13% /7 115% 1.45%
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This report must be reproduced in its entirety.




03 August 2009

.Roland McDaniel
GBMC & Associates
219 Brown Lane *

Bryant, AR 72022
Project: Lion Qil

Date Received: 18-Jul-09 10:15

Atkonsos Anokticol
i

QUALITY CONTROL RESULTS
Wet Chemistry -- Batch: AS07187 (Water)
Prepared: 20-Jul-09 09:15 By: SB - Analyzed: 21-Jul-09 13:06 By: SB
Analyte BLK LCS /LCSD MS [ MSD Dup RPD Qualifiors
TOC <1.00 mg/lL 106% NA 106% [/ 107% 1.14%
Wet Chemistry — Batch: AS07150 (Water)
Prepared: 20-Jul-09 15:27 By: AT — Analyzed: 20-Jul-09 15:27 By: AT
Analyte BLK LCS/1CSD MS [ MSD Dup RPD Qualifiers
Specific Conductance (EC) NA 100% / 100% NA ! - NA 0.6707%
Wet Chemistry -- Batch: A907207 (Water)
Prepared; 21-Jul-09 13;42 By: SB -- Analyzed: 22-Jul-09 16:40 By: 5B
Analyte BLK LGS /ECSD MS I MSD Dup RPD Qualifiers
Hardness <2.0 mg/L 96.0% / 97.5% NA i NA 1.55%
Wet Chemistry — Batch: A907221 (Water)
Prepared: 23-Jul-09 08:03 By: SB -- Analyzed: 23-Jul-09 08:03 By: SB
Analyte BLK LCS/LCSD MS [ MSD - Dup RPD Qualifiers
Ammonia as N <0.50 mg/L 107% / NA 108% 1 113% 3.11%
Wet Chemistry .- Batch: A907225 (Water)
Prepared: 22-Jul-09 15:31 By: SB -- Analyzed: 28-Jul-09 09:49 By: SB
Anaiyte BLK LCS /LCSD MS / MSD Bup RPD Qualifiers
Total norganic Carbon <1.00 mg/L 102% 7  NA 105% 1 105% 0.337%
Wet Chemistry -- Batch: A907233 (Water)
Prepared: 21-Jul-09 15:00 By: KP -- Analyzed: 21-Jul-09 15:00 By: KP .
Analyte BLK LCSfLESD MS /MSD Dup RPD Qualifiers
Total Alkalinity <5.0 mg/L 98.0% s 99.0% NA ! NA 0.60%
Wet Chemistry - Batch: AS07234 (Water)
Prepared: 21-Jul-09 15:00 By: KP — Analyzed: 21-Juf-09 15:00 By: KP
Analyte BLK LCS /165D MS / MSD Dup RED Qualifiers
Bicarbonate Alkalinity <5.0 mg/L 80.0% 7 99.0% NA / NA 0.00%

Page 10 of 11
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03 August 2009

Roland McDaniel
GBMC & Associates
219 Brown Lane *

Bryant, AR 72022
Project: Lion Qil

Date Received; 16-Jul-09 10:15

QUALITY CONTROL RESULTS

Wet Chemistry -- Batch: A907235 (Water)
Prepared: 21-Jul-09 15:00 By: KP -- Analyzed: 21-Jul-09 15:00 By: KP

Analyte BLK LCS /LCSD MS /M3SD Bup RPD Qualifiers
Carbonate Alkafinity <5.0 mgfl NA ! NA MNA i NA D.00%

QUALIFIER(S)

*BABA: Masked By Analyte

All Analysis performed according to EPA approved methodology when avaitable:
SW 846, Revised December, 1996; EPA 600/4-79-020, Revised March, 1983; Standard Methods, 20th Edition.
Instrument calibration and quality control samples performed at or above frequency specified in analytical method.

Reviewed by: 8

Norma James
President

Page 11 of 11 This report must be reproduced in its entirety.
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Agkansas Analytical
|

iic

11701 1-30 Bidg 1, Ste 115 - Little Rock, AR 72209
501-455-3233 Fax 501-455-6118

01 October 2009

Norma James

Arkansas Analytical, Inc.
11701 1-30, Bidg 1, Suite 115
Little Rock, AR 72209

RE: Lion Oil
SDG Number. 0809247

Enclosed are the results of analyses for samples received by the laboratory on
22-Sep-09 14:41. If you have any questions concerning this report, please feel free to
contact me.

Sample Receipt Information:

Custody Seals
Containers Intact
COC/iabels Agree
Preservation Confirmed
Received On Ice
Temperature on Receipt 21.0°C

LU U S

Sincerely,

Norma James g
President

This document is infended only for the use of the person(s) to whom I 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.




01 October 2008

Norma James = .-
Arkansas Analytical, Inc.
11701 1-30, Bldg 1, Suite 115
Little Rock, AR 72209
Project: Lion Oit

Date Received: 22-Sep-09 14:41

ANALYTICAL RESULTS
Lab Number: 0909247-01
Sample Name: BDL-LA
Date/Time Collected: 9/22/09 14:20
Sample Matrix: Water
Anions  Unils Result Date/Time Analyzed Batch Method
Chloride  mg/L 143 9/23/09 13:28 A809320 300.0/9056A
Sulfate as SO4  mg/l. 136 89/25/09 9:47 AQ09320 300.0/9056A
Dissolved Metals 200.7  Units Result Date/Time Analyzed Baich Method
Calcium mg/L 2.43 9/29/08 17:04 A909388 EPA 200.7
Magnesium  mg/L 243 9/29/09 17:04 AS09388 EPA 200.7
Potassium  mg/L 225 89/29/09 17.04 A909338 EPA 200.7
Sodium  mgil 222 9/29/09 17:04 AS(09388 EPA 2007
Total Metals  Units Result Date/Time Analyzed  Batch Method
Calcium  mgiL 530 9/29/09 17:04 A909388 2007
Magnesium mg/L 4.62 9/28/09 17:04 AS09388 2007
Potassium  mg/L 245 9/29/09 17:04 A9093838 200.7
Sodium  mg/L 248 9/29/09 17:04 AS09388 200.7
Wet Chemistry  Units Result Date/Time Analyzed Batch Method
TDS  mgil. 670 9/25/08 13:15 AB08365 2540C
TSS mg/L < 1.0 9/25/08 B8:40 AB08372 2540D

Page 2 of 3 This report must be reproduced in its entirety.




01 October 2009

Norma James N
Arkansas Analytical, inc. T
11701 1-30, Bldyg 1, Suite 115

Littie Rock, AR 72209

Project: Lion Qil

~ Arkansos Anoly

Date Received: 22-Sep-09 14:41
QUALITY CONTROL RESULTS

Anions -- Batch: A909320 (Water)
Prepared: 23-Sep-09 10:55 By: WF — Analyzed: 23-Sep-09 17:24 By: MEL

Analyte BLK LCS/LCSh MS / MSD Dup RPD Qualifiers
Chloride <0.500 mg/t.  98.7% / NA 86.8% / 86.8% 0.0876%
Sulfate as SO4 <0.500mg/L  104% / NA 90.2% [/ 91.4% 1.24%
Wet Chemistry — Batch: AS09365 (Water)
Prepared: 24-Sep-09 15:55 By: AP -- Analyzed: 24-Sep-09 15:55 By: AP
Analyte BLK LCS/ECSD MS / MSD Dup RPD Qualifiers
TDS <1.0 mg/L 99.5% / 99.0% NA [ NA 0.504%
Wet Chemistry -- Batch: A909372 (Water)
Prepared: 25-Sep-09 08:40 By: AP -- Analyzed: 25-Sep-09 08:40 By: AP
Analyte BLK LCS { LCSD MS / MSD Dup RPD Qualifiers
TSS ' <1.0 mg/k 90.4% / 8B.5% NA /1 NA 2.15%
Total Metals — Batch: A909388 (Water)
Prepared: 25-Sep-09 14:15 By: RH — Analyzed: 29-Sep-09 17:04 By: RH
Analyte BLK LCS/LCSDh MS / MSD Dup RPD Qualifiers
Calcium <0.100 mg. 934% / NA MBA / MBA 0.768% MBA
Magnesium <0.100mg/L.  94.0% / NA 102% / MBA 3.69% MBA
Potassium <0100 mg/L  90.0% / NA 106% / 110% 1.69%
Sodium <1.00mg/l.  101% / NA 106% / 104% 0.258%
QUALIFIER(S)

"MBA: Masked By Analyte

All Analysis performed according to EPA approved methodology when available:
SW 846, Revised December, 1986; EPA 600/4-79-020, Revised March, 1983; Standard Methods, 20th Edition.
Instrument calibration and quality control samples performed at or above frequency specified in analytical method.

Reviewed by: 8

Norma James
President

Page 3 of 3 This report must be réproduced in its entirety.
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Arkansas Analytical
Inc.

11701 I-30 Bldg 1, Ste 115 - Little Rack, AR 72209
501-455-3233 Fax 501-455-6118

01 October 2009

Norma James

Arkansas Analytical, Inc.
11701 1-30, Bldg 1, Suite 115
Little Rock, AR 72209

RE: Lion Oil
SDG Number: 0909125

Enclosed are the results of analyses for samples received by the laboratory on
11-Sep-09 09:50. if you have any questions concerning this report, please feel free to
contact me.

Sample Receipt Information:

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

Sincerely,

Norma James
President

This dacument 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 recipierit, yeu are notified that

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




01 October 2009

Norma James

Arkansas Anaiytical, Inc.
11701 1-30, BIdg 1, Suite 115
Little Rock, AR 72209
Project; Lion Oil

Date Received: 11-Sep-09 09:50

ANALYTICAL RESULTS

Lab Number: 0309125-01
Sample Name: LC-4
Date/Time Collected: 9/10/09 9:30
Sample Matrix: Water
Anions  Units Result Date/Time Analyzed  Baich Method
Chioride  mg/L 250 9/14/09 10:25 AS09135 300.0/9056A
Sulfate as S04  mg/L B21 9/14/09 10:25 A909135 300.0/9056A
Dissolved Metals 200.7  Units Resuit DatefTime Analyzed  Batch Method
Caicium mg/L 141 9M7/08 11:49 A908167 EPA 200.7
Magnesium mg/L 518 8/17/09 11:51 AS09167 EPA 200.7
Potassium  mg/L 19.5 9/M7/09 11:50 A909167 EPA 200.7
Sodium  mg/L 530 9/17/09 11:52 A909167 EPA 200.7
Total Metals  Units Result Date/Time Analyzed  Balch Method
Calcium  mgll 14.2 9/17/09 11:48 AS09167 200.7
Magnesium  mg/L 5.03 9/17/09 11:50 AB09167 200.7
Potassium  mg/L 17.8 917/09 11:49 A909167 200.7
Sodium  mg/L 535 9M17/08 11:61 AB09167 200.7
Wet Chemistry  Units Result Date/Time Analyzed  Batch Method
TDS mg/L 1500 9/16/08 9:00 AS09178 2540C
TSS  mg/t <1.0 9/14/09 14:43 AB09174 2540D

Page 2 of 5 ' This report must be reproduced in its entirety.




01 October 2009

Norma James

Arkansas Analyticai, Inc.
11701 1-30, Bldg 1, Suite 115
Little Rock, AR 72209
Project: Lion Oii

Date Received: 11-Sep-09 09:50

ANALYTICAL RESULTS
Lab Number: 0509125-02
Sampie Name: BDL-2
Date/Time Collected: 9/10/09 9:30
Sample Matrix: Water
Anions  Units Result Date/Time Analyzed  Batch Method
Chloride mg/L 253 9/11/09 12:31 AB09135 300.0/9056A
Sulfate as SO4  mall 646 9/11/09 12:31 A909135 300.0/8056A
Bissolved Metals 200.7  Units Result Date/Time Analyzed Batch Method
Calcium  mgfl. 10.6 8/17/109 11:49 A909167 EPA 200.7
Magnesium  mg/L 293 9/17/09 11:51 AB09167  EPA200.7
Potassium  mgil 218 9/17/09 11:50 AS08167 EPA 200.7
Sodium  mg/L 351 9/17/09 11:52 AB08167 EPA 200.7
Total Metals  Units Result Date/Time Analyzed  Baich Method
Calcium  mglL 9.17 9/17/09 11:48 AZ09167 200.7
Magnesium  mg/L 259 917109 11:50 A909167 200.7
Potassium  mg/L 19.1 9/17/09 11:49 AB09167 200.7
Sodium  mglL 366 9M17/09 11:51 AS09167 200.7
Wet Chemistry  Unifs Result DatefTime Analyzed  Balch Method
TDS  mgil. 1300 9/16/09 9:00 AZ09178 2540C

TSS mgl/L <10 9/14/09 14:43 AB08174 2540D

Page 3 of 5 ' ' ' This report must be reproduced in its entirety.




01 Qctober 2009

Norma James

Arkansas Analytical, Inc.
11701 §-30, Bldg 1, Suite 115
Little Rock, AR 72209
Project: Lion O#l

Date Received: 11-Sep-09 09:50

ANALYTICAL RESULTS
Lab Number: 03809125-03
Sample Name: BDL-6
Date/Time Collected: 910/09 9:30
Sample Matrix: Water
Anions  Units Resuit Date/Time Analyzed Batch Method
Chioride mg/L 148 9/11/09 12:53 A909135 300.0/9056A
Sulfate as SO4 mg/L 385 9/11/09 12:53 A909135 300.0/9056A
Dissolved Metals 200.7  Units Result Date/Time Analyzed Baich Method
Calcium  mgit 5.56 9M17/09 11:49 A909167 EPA 200.7
Magnesium  mg/L 2.77 9M7/09 11:51 A908167 EPA 200.7
Potassium mg/L 19.3 9/17/09 11:50 A909167 EPA 200.7
Sodium  mg/L 272 aM7/09 11:62 AD09167 EPA 200.7
Total Metals  Units Result Date/Time Analyzed  Baich Method
Calcium  mg/l 5.68 9/17/09 11:48 AZ08167 200.7
Magnesium  mg/L 2.77 9/17/09 11:50 AS09167 200.7
Potassium  mg/L 17.7 8/17/09 11:49 ‘AS09167 2007
Sodium  mg/L 268 9/17/09 1151 AB09167 2007
Wet Chemistry  Units Result Date/Time Analyzed Batch Method
TDS mglL 860 9/16/08 9:00 AS09178 2540C
TSS  mght <10 9/14/09 14:43 AB09174 2540D
QUALITY CONTROL RESULTS

Anions -- Batch: A809135 (Water)
Prepared: 11-Sep-09 09:07 By: WF - Analyzed: 11-Sep-09 11:25 By: MEL

Anaiyte BLK LCS/LCSD MS / MSD Dup RPD  Qualifiers
Chloride <0.500mg/L.  97.8% / NA 96.6% [/ 96.3% 0.2687%
Sulfate as SO4 <0500 mg/.  102% / NA 101% /7 101% 0.395%

Wet Chemistry - Batch: A909174 (Water)
Prepared: 14-Sep-09 14:43 By: AP —- Analyzed: 14-Sep-09 14:43 By: AP

Analyte BLK LCS/1CSD MS /MSD Dup RPD Qualifiers
TSS <1.0 mg/L 97.1% / 87.5% NA I NA 10.4%

Wet Chemistry -- Batch: A909178 (Water)
Prepared: 15-Sep-09 09:16 By: AP — Analyzed: 15-Sep-09 09:16 By: AP

Analvte BLK LCS/LECSD MS /MSD Bup RPD Qualifiers
THS <1.0 mg/L 98.0% / 97.0% NA ! NA 1.03%

Page 4 of 5 This report must be reproduced in its entirety.




01 October 2009

Norma James

Arkansas Analytical, Inc. . .
11701 1-30, Bldg 1, Suite 115
Little Rock, AR 72209

Project: Lion Oil

Date Received: 11-Sep-09 §9:50

All Analysis performed according to EPA approved methodology when available:
SW 846, Revised December, 1996; EPA 600/4-79-020, Revised March, 1983: Standard Methods, 20th Edition.
Instrument calibration and quality control samples performed at or above frequency specified in analytical method.

Reviewed by: 8

Norma James
President -

Page 50f 5 ' This report must be reproduced in its entifety_
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Appendix &

WET Test Resuits of Artificial Matrix



September 29, 2009

Chronic WET Testing

Synthetic Matrices

Prepared for:

Mr. Roland McDaniel
Principal/ Senior Scientist

GBMC and Associates

RE: Lion Oil

Prepared by:

Arkansas Analytical, Inc.
11701 1-30, Bldg 1, Suite 115

Little Rock, AR 72209



Overview

The purpose of this report is to provide results of chronic biomonitoring (WET) tests for Lion Oil. The
tests were performed utilizing synthetic mixtures of salts in a dilution series with moderately hard
water. The species tested were ceriodaphnia dubia and pimephales promelas. The tests were
performed utilizing standard testing protocol as defined in Test 1000.0 (Fathead minnow, Pimephales
promelas, Larval Survival and Growth Test and, in Test 1002.0 (Ceriodaphnia dubia, Survival and
Reproduction Test). A standard dilution series of 0%, 6.25%, 12.5%, 25%, 50%, and 100% were analyzed.

Tabulated below find a summary of the Test Matrices, the target and actual concentrations of the
analytes of interest, and the test results.

Sample  Target /Actual Concentrations Ceriodaphnia dubia Pimephales Promelas
ID
NOEC/ NOEC/ NOEC/
Chloride( Sulfate NOEC/LOEC LOEC LOEC LOEC
mg/L) (mg/L) TDS(mg/L) Survival Reproduction  Survival Growth
LC-4 256/250 997/821 1756/1900 50% 12.5% 100% 100%**
BDL-2 264/253 635/646 1236/1300 50% 25% 100% 100***
BDL-6 160/148 345/385  780/860 50% 50% 100% 100%
BDL-LA  160/143 171/136  750/670 100% 100%* 100% 100%

*High CV would invalidate a normal test; ** failed at 25%; ***failed at 6.25%, 12.5%, and 25%.
Synthetic Mixture Preparation

A variety of salts were selected to prepare solutions containing the desired analytes at target
concentrations. The target analytes were chloride, sulfate, and TDS. Additionally, it was desirable to
match the cation ratio to that of the original tested “native” samples. All salts were dried to remove the
moisture content before weighing, except in the case of hydrated salts. Concentrates were prepared
which were diluted to a working volume each day of the test. The same concentrate was utilized for the
entire test. Salts of sodium, calcium, potassium, and magnesium were used.

On the following pages are detailed bench sheets from each sample tested. Included are the data
sheets followed by the statistical analysis. Also included are the water chemistry analyses from each day
of testing. Copies of the raw bench sheets are provided as well in the Appendix.

Also find a detail of the salts used to prepare the synthetic mixtures and the lab analysis of the solutions
as used for the test.



«
LC-4 Synthetic
Bench Sheets
Statistical Analysis

Chemistry Bench Sheets



SURVIVAL DATA FOR FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST

LAB #/ SAMPLE ID TEST START DATE 9/10/09 TIME 1330
CLIENT LionQill€-4 TEST END DATE  9/17/009 TIME 920
AGE AND SOl RCE OF MINNOWS
DAY (NUMBER SURVIV NG) SURVIVAL
REP # start 1 2 3 4 5 6 7 % MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 10 10 10 10 100
D 10 10 10 10 9 9 9 9 90
0 E 10 10 10 10 10 10 10 10 100 98 0
REP # start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 9 9 9 9 9 90
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 10 10 10 10 100
D 10 10 10 10 10 10 10 9 90
6.25% E 10 10 10 10 10 10 10 10 100 96
REP # start 1 2 3 4 5 6 7 % MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 10 10 10 10 100
D 10 9 9 8 8 8 8 8 80
12.50% E 10 9 9 9 9 9 9 9 90 94
REP # start 1 2 3 4 5 6 7 % MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 8 8 8 8 8 8 8 80
C 10 10 10 10 10 10 10 10 100
D 10 10 10 10 9 9 9 9 90
25% E 10 10 10 10 10 10 10 10 100 94
REP # start 1 2 3 4 5 6 7 % MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 9 9 9 8 8 8 7 70
o 10 10 10 10 9 9 9 9 90
D 10 9 9 9 9 9 9 9 90
50% E 10 10 10 10 10 10 10 10 100 90
REP # start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 10 1 9 90
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 9 9 9 9 90
D 10 10 10 10 10 10 10 10 100
100% E 10 10 10 10 10 9 9 9 90 94 583
ANALYST KP MG TC TC KP KP KP KP
DATE: 9/10/2009 9/11/2009 9/12/2009 9/13/2009 9/14/2009 9/15/2009 9/16/200¢ 9/17/2009
TIME: 1330 1315 1637 1400 1350 1440 1030 920

CV = PERCENT COEFFICIENT OF VARIATION: STANDARD DEVIATION/MEAN * 100

July, 2007



AAH# LC-4, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT (Y) )

Shapiro - Wilk's test for normality

D = 0.355
W = 0.907
Critical W (P 0.05) (n = 30) = 0.927
Critical W (P 0.01) (n = 30) = 0.900

Data PASS normality test at P=0.01 level. Continue analysis.

AA# LC-4, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT (Y))

Bartlett's test for homogeneity of variance
Calculated Bl statistic = 3.92

Table Chi-square value 15.09 (alpha

= 0.01, df
Table Chi-square value = 11.07 (alpha

0.05, df

5)
5)

nu

won

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

TITLE: AA# LC-4, FATHEAD MINNOW SURVIVAL, CHRONIC

FILE: H:\TOXSTAT\MONTE\CKSMPLEF.

TRANSFORM: ARC SINE (SQUARE ROOT (Y) ) NUMBER OF GROUPS: 6

GRP IDENTIFICATION REP VALUE TRANS VALUE
1 CONTROL 1 1.0000 1.4120
1 CONTROL 2 1.0000 1.4120
1 CONTROL 3 1.0000 1.4120
1 CONTROL 4 0.9000 1.2490
1 CONTROL 5 1.0000 1.4120
2 6.25 % EFFLUENT 1 0.9000 1.2490
2 6.25 % EFFLUENT 2 1.0000 1.4120
2 6.25 % EFFLUENT 3 1.0000 1.4120
2 6.25 % EFFLUENT 4 0.9000 1.249¢C
2 6.25 % EFFLUENT 5 1.0000 1.4120
3 12.5 % EFFLUENT 1 1.0000 1.4120
3 12.5 % EFFLUENT 2 1.0000 1.4120
3 12.5 % EFFLUENT 3 1.0000 1.4120
3 12.5 % EFFLUENT 4 0.8000 1.1071
3 12.5 % EFFLUENT 5 0.9000 1.2490
4 25.0 % EFFLUENT 1 1.0000 1.4120



4 25.0 % EFFLUENT 2 0.8000 1.1071
4 25.0 % EFFLUENT 3 1.0000 1.4120
4 25.0 % EFKLUENT 4 0.9000 1.24090
4 25.0 % EFFLUENT 5 1.0000 1.4120
5 50 % EFFLUENT 1 1.0000 1.4120
5 50 % EFFLUENT 2 0.7000 0.9912
5 50 % EFFLUENT 3 0.9000 1.2490
5 50 % EFFLUENT 4 0.9000 1.2490
5 50 % EFFLUENT 5 1.0000 1.4120
6 100 % EFFLUENT 1 0.9000 1.2490
6 100 % EFFLUENT 2 1.0000 1.4120
6 100 % EFFLUENT 3 0.9000 1.2490
6 100 % EFFLUENT 4 1.0000 1.4120
6 100 % EFFLUENT 5 0.9000 1.2490
AA# LC-4, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT(Y))
STEEL'S MANY-ONE RANK TEST Ho:Control<Treatment
TRANSFORMED RANK CRIT.
GROUP IDENTIFICATION MEAN SUM VALUE df SIG
1 CONTROL 1.379
2 6.25 % EFFLUENT 1.347 25.00 16.00 5.00
3 12.5 % EFFLUENT 1.318 24.50 16.00 5.00
4 25.0 % EFFLUENT 1.318 24.50 16.00 5.00
5 50 % EFFLUENT 1.263 22.00 16.00 5.00
6 100 % EFFLUENT 1.314 22.50 16.00 5.00

Critical values use k = 5, are 1 tailed, and alpha = 0.05



Pimephales promelas FATHEAD MINNOW TEST 1000.0

< A FOR
LAB #/ #s: NA TEST DATES (BEGIN / ENDY): 09/10-17/09
CLIENT: Lion Oil WEIGHING DATE / TIME: 9/18/0¢
ANALYSTS: KP DRYING TEMP (DEGREES C): 60
SAMPLE ID: LC4 DRYING TIME (HOURSY): 24
FINAL DRY
DRY INTIAL TOTAL DRY WEIGHT
WEIGHT ~ WEIGHT  WEIGHT OF \ueer  OF
TIN+LARVAE TIN LARVAE OF LARVAE
REP# (@) (@) (a) LARVAE  (mg)
CONTROL A 1.00739 1.00175 0.00564 10 0.564 AVG DRY
B 1.00894 1.00252 0.00642 10 0.642 WEIGHT (mg)
C 1.00784 1.00235 0.00549 10 0.549 0.595
D 0.98706 0.98081 0.00625 10 0.625 CV
OE 0.99247 0.98650 0.00597 10 0.597 6.6
CONC: A 1.01828 1.01311 0.00517 10 0.517 AVG DRY
B 1.01759 1.01225 0.00534 10 0.534 WEIGHT (mg)
C 0.99844 0.99313 0.00531 10 0.531 0.535
D 1.01345 1.00810 0.00535 10 0.535 CV
6.25% E 1.01849 1.01293 0.00556 10 0.556 2.6
CONC: A 1.01228 1.00660 0.00568 10 0.568 AVG DRY
B 1.02075 1.01501 0.00574 10 0.574 WEIGHT (mg)
C 1.00901 1.00321 0.00580 10 0.580 0.558
D 1.00253 0.99753 0.00500 10 0.500 CV
12.50% E 1.01968 1.01401 0.00567 10 0.567 5.9
CONC: A 1.01270 1.00701 0.00569 10 0.569 AVG DRY
B 1.00929 1.00473 0.00456 10 0.456 WEIGHT (mg)
C 0.99647 0.99114 0.00533 10 0.533 0.622
D 1.00471 1.00014 0.00457 10 0.457 CV
25% E 1.01663 1.01068 0.00595 10 0.595 12.2
CONC: A 1.00481 0.99811 0.00670 10 0.670 AVG DRY
B 0.99732 0.99094 0.00638 10 0.638 WEIGHT (mg)
C 1.00522 0.99755 0.00767 10 0.767 0.701
D 1.01274 1.00622 0.00652 10 0.652 CV
50% E 1.01129 1.00351 0.00778 10 0.778 9.5
CONC: A 1.01348 1.00345 0.01003 10 1.003 AVG DRY
B 0.99723 0.98638 0.01085 10 1.085 WEIGHT (mg)
C 0.99809 0.98804 0.01005 10 1.005 1.012
D 1.00708 0.99699 0.01009 10 1.009 CV
100% E 0.98858 0.97902 0.00956 10 0.956 4.6

CV = (STANDARD DEVIATION/MEAN)*100
REMARKS:



AA# LC-4, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: NO TRANSFORMATION

Shapiro - Wilk's test for normality

D = 0.054
W = 0.945
Critical W (P = 0.05) (n = 30) = 0.927
Critical W (P = 0.01) (n = 30) = 0.900

Data PASS normality test at P=0.01 level. Continue analysis.

AA# LC-4, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: NO TRANSFORMATION

Bartlett's test for homogeneity of variance

Calculated Bl statistic = 8.43
Table Chi-square value = 15.09 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

TITLE: AA# 1LC-4, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-03

FILE: H:\TOXSTAT\MONTE\CKSMPLGR.

TRANSFORM: NO TRANSFORMATION NUMBER OF GROUPS: 6

GRP IDENTIFICATION REP VALUE TRANS VALUE
1 CONTROL 1 0.5640 0.5640
1 CONTROL 2 0.6420 0.6420
1 CONTROL 3 0.5490 0.5490
1 CONTROL 4 0.6250 0.6250
1 CONTROL 5 0.5970 0.5970
2 6.25 % EFFLUENT 1 0.5170 0.5170
2 6.25 % EFFLUENT 2 0.5340 0.5340
2 6.25 % EFFLUENT 3 0.5310 0.5310
2 6.25 % EFFLUENT 4 0.5350 0.5350
2 6.25 % EFFLUENT 5 0.5560 0.5560
3 12.5 % EFFLUENT 1 0.5680 0.5680
3 12.5 % EFFLUENT 2 0.5740 0.5740
3 12.5 % EFFLUENT 3 0.5800 0.5800
3 12.5 % EFFLUENT 4 0.5000 0.5000
3 12.5 % EFFLUENT 5 0.5670 0.5670
4 25 % EFFLUENT 1 0.5690 0.5690



4 25 % EFFLUENT 2 0.4560 0.4560
4 25 % EFFLUENT 3 0.5330 0.5330
4 25 % EFRLUENT 4 0.4570 0.4570
4 25 % EFFLUENT 5 0.5950 0.5950
5 50 % EFFLUENT 1 0.6700 0.6700
5 50 % EFFLUENT 2 0.6380 0.6380
5 50 % EFFLUENT 3 0.7670 0.7670
5 50 % EFFLUENT 4 0.6520 0.6520
5 50 % EFFLUENT 5 0.7780 0.7780
6 100 % EFFLUENT 1 1.0030 1.0030
6 100 % EFFLUENT 2 1.0850 1.0850
6 100 % EFFLUENT 3 1.0050 1.0050
6 100 % EFFLUENT 4 1.0090 1.0090
6 100 % EFFLUENT 5 0.9560 0.9560
AAH# LC-4, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: NO TRANSFORMATION
ANOVA TABLE
SOURCE DF SS MS
Between 0.872 0.174 77.948
Within (Error) 24 0.054 0.002
Total 29 0.926
Critical F value = 2.62 (0.05,5,24)
Since F > Critical F REJECT Ho: All equal
AAH# LC-4, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: NO TRANSFORMATION
DUNNETT'S TEST - TABLE 1 OF 2 Ho:Control<Treatment
TRANSFORMED MEAN CALCULATED IN
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
1 CONTROL 0.595 0.595
2 6.25 % EFFLUENT 0.535 0.535 2.032
3 12.5 % EFFLUENT 0.558 0.558 1.257
4 25 % EFFLUENT 0.522 0.522 2.453 *
5 50 % EFFLUENT 0.701 0.701 -3.529
6 100 % EFFLUENT 1.012 1.012 -13.910
Dunnett table value = 2.36 (1 Tailed Value, p=0.05, df=24,5)

AA# LC-4, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: NO TRANSFORMATION

DUNNETT'S TEST - TABLE 2 OF 2 Ho:Control<Treatment



NUM OF Minimum Sig Diff % of DIFFERENCE

GROUP IDENFIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
1 CONTROL 5
2 6.25 % EFFLUENT 5 0.071 11.9 0.061
3 12.5 % EFFLUENT 5 0.071 11.9 0.038
4 25 % EFFLUENT 5 0.071 11.9 0.073
5 50 % EFFLUENT 5 0.071 11.9 -0.106
6 100 % EFFLUENT 5 0.071 11.9 -0.416



SURVIVAL AND REPRODUCTION TEST
Analyst. KP
Test Start - Date/ Time: 9/10/09, 1345
Test Stop - Date/Time: 9/17/09. 0750

Day

ONDOAOD WN =

Total

Day

ONON D WN

Total

%

12.5

X= DEAD; Y= MALE



AA # LC-4, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION

Shapiro - Wilk's test for normality

xxxx***%* Shapiro - Wilk's Test is aborted ***¥*x%xx*

This test can not be performed because total number of replicates
is greater than 50.

Total number of replicates = 60

AA # LC-4, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION

Bartlett's test for homogeneity of variance

Calculated Bl statistic = 2.71
Table Chi-square value = 15.09 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.



- FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
6.25 9 1 10
____________________ TOTAL Y e 2
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 9.

Since b is greater than 6 there is no significant difference
petween CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
12.5 10 0 10
_________ . S
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.

Since b is greater than 6 there is no significant difference
between CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

NUMBER OF

IDENTIFICATION ALIVE DEAD TOTAL ANIMALS

CONTROL 10 0 10

25 9 1 10



CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 9.
Since b is greater than 6 there is no significant difference
between CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

__________ NUMBER OF
_____ ¥?§§?%?%?§?{?§_ ] ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
__________ 50 8 2 10
____________________ ToraL 18 % . 29
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 8.

Since b is greater than 6 there is no significant difference
between CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

memor
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
100 ) i 5 i ) 5 1? _______
___________ TS .S
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 5.

gince b is less than or equal to 6 there is a significant difference
between CONTROL and TREATMENT at the 0.05 level.

SUMMARY OF FISHER'S EXACT TESTS



GROUP

md W

TITLE:
FILE:
TRANSFORM: NO TRANSFORMATION

GRP

1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4

IDENTIFICATION

CONTROL
6.25
12.5

25
50
100

AA # LC-4, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
H:\TOXSTAT\MONTE\CKSMPLEC.

IDENTIFICATION REP

AN GO OO OORN

DN NN N R R
AT RERURU R SR SR SECE SRR R
oW

.25
.25
.25
.25
.25
.25
.25
.25
.25
.25

(G20

OOOOOOOOU‘\U‘IU’IU’lU'IU'l
o0 o0 0P A° AP oP oP o oF P 0P o° oP o°

A0 dP 0P AP P o d° d° oF° o0 o 0P oP o°

CONTROL 1
CONTROL 2
CONTROL 3

CONTROL 4

CONTROL 5
CONTROL 6

CONTROL 7
CONTROL 8

CONTROL 9
CONTROL 10
EFFLUENT 1
EFFLUENT 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8
EFFLUENT 9
EFFLUENT 10
EFFLUENT 1
EFFLUENT- 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8
EFFLUENT 9
EFFLUENT 10
EFFLUENT 1
EFFLUENT 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8

18.
12.
21.

22

18

15

13

13

11.
.0000
20.
.0000
.0000
19.
.0000
10.
.0000
.0000
.0000
19.
10.
14.

15

17

13

EXPOSED

10
10
10
10
10
10

VALUE

0000
0000
0000

.0000
.0000
19.
22.
17.

0000
0000
0000

.0000
24.
16.
11.
11.
.0000
.0000
14.
18.
.0000
20.
18.
18.
10.
19.
.0000

0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000

0000

0000

0000
0000
0000

DEAD

18

22

13
14

13

11.
15.
20.

0.
17.
19.
.0000
10.

0.

13

3

19

14

[(HESE NN e

NUMBER OF GROUPS:

TRANS VALUE

.0000
12.
21.
22.

6.
19.
.0000
17.
18.
24.
16.
11.
11.
15.
.0000
.000¢C
18.

2.
20.
18.
i8.
10.
19.
.0000

0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000

0000
0000

.000¢0
7.

0000

.0000
10.
.0000

0000

(P=.05)

6



4 25.0 % EFFLUENT 9 8.0000 8.0000
4 25.0 % EFFLUENT 10 14.0000 14.0000
5 50.0 % EFFLUENT 1 4.,0000 4.0000
5 50.0 % EFFLUENT 2 8.0000 8.0000
5 50.0 % EFFLUENT 3 3.0000 3.0000
5 50.0 % EFFLUENT 4 8.0000 8.0000
5 50.0 % EFFLUENT 5 2.0000 2.0000
5 50.0 % EFFLUENT 6 11.0000 11.0000
5 50.0 % EFFLUENT 7 15.0000 15.0000
5 50.0 % EFFLUENT 8 4.,0000 4.0000
5 50.0 % EFFLUENT 9 4.0000 4.0000
5 50.0 % EFFLUENT 10 12.0000 12.0000
6 - 100 % EFFLUENT 1 0.0000 0.0000
6 100 % EFFLUENT 2 2.0000 2.0000
6 100 % EFFLUENT 3 8.0000 8.0000
6 100 % EFFLUENT 4 4.0000 4.0000
6 100 $ EFFLUENT 5 10.0000 10.0000
6 100 % EFFLUENT 6 2.0000 2.0000
6 100 % EFFLUENT 7 0.0000 0.0000
6 100 % EFFLUENT 8 0.0000 0.0000
6 100 % EFFLUENT 9 0.0000 0.0000
6 100 % EFFLUENT 10 0.0000 0.0000
AA # LC-4, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION
ANOVA TABLE
SOURCE DF SS MS
Between 1528.400 305.680 11.732
Within (Error) 54 1407.000 26.056
Total 59 2935.400
Critical F value = 2.45 (0.05,5,40)
Since F > Critical F REJECT Ho: All equal
AA # LC-4, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION
DUNNETT'S TEST - TABLE 1 OF 2 Ho:Control<Treatment
TRANSFORMED MEAN CALCULATED IN
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT
1 CONTROL 17.900 17.900
2 6.25 % EFFLUENT 13.800 13.800 1.796
3 12.5 % EFFLUENT 14.200 14.200 1.621
4 25.0 % EFFLUENT 9.800 9.800 3.548
5 50.0 % EFFLUENT 7.100 7.100 4,731
6 100 % EFFLUENT 2.600 2.600 6.702

SIG

*



Dunnett table value = 2.31 (1 Tailed Value, P=0.05, df=40,5)

o

AA # LC-4, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION

File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION
DUNNETT'S TEST - TABLE 2 OF 2 Ho:Control<Treatment
NUM OF Minimum Sig Diff % of DIFFERENCE
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
1 . CONTROL 10
2 6.25 % EFFLUENT 10 5.273 29.5 4,100
3 12.5 % EFFLUENT 10 5.273 29.5 3.700
4 25.0 % EFFLUENT 10 5.273 29.5 8.100
5 50.0 % EFFLUENT 10 5.273 29.5 10.800
6 100 % EFFLUENT 10 5.273 29.5 15.300
AA # LC-4, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION
STEEL'S MANY-ONE RANK TEST - Ho:Control<Treatment
TRANSFORMED RANK CRIT
GROUP IDENTIFICATION MEAN SUM VALUE daf SIG
1 CONTROL 17.900
2 6.25 % EFFLUENT 13.800 79.00 75.00 10.00
3 12.5 % EFFLUENT 14.200 84 .50 75.00 10.00
4 25.0 % EFFLUENT 9.800 70.50 75.00 10.00 *
5 50.0 % EFFLUENT 7.100 61.50 75.00 10.00 *
6 100 % EFFLUENT 2.600 57.00 75.00 10.00 *

Critical values use k = 5, are 1 tailed, and alpha = 0.05



CHEMICAL DATA SHEET FOR CHRONIC TOXICITY TESTING
LC-4 sy thetic

Lab#/ Sam le ID
Client: + Lion Oil

Control

D.O. (mg/L) INITIAL
FINAL

pH (s.u.) INITIAL
FINAL

temp (C)  INITIAL
FINAL

ALKALINITY (ma/L)

HARDNESS (ma/L)

1

Fathead Minnow
9/10/2009
9/17/2009
Day of Test
5 6 7 notes/remarks

0% 10-Sep 11-Sep 12-Sep 13-Sep 14-Sep 15-Sep 16-Sep

CONDUCTIV TY (umhos/cm)

CHLORINE (mg/L)
CONC: 6.25%
D.O. (mg/L) INITIAL

FINAL
pH (s.u) INITIAL

FINAL
temp (C) INITIAL

FINAL

CONC: 12.50%
D.O. (ma/L) INITIAL

FINAL
pH (mg/L) INITIAL
FINAL
temp (C)  INITIAL
FINAL
CONC: 25%
D.O. (ma/L) INITIAL
FINAL
pH (s.u)  INITIAL
FINAL
emp (C)  INITIAL
FINAL
CONC: 50%
D.O. (mg/L) INITIAL
FINAL
pH (s.u)  INITIAL
FINAL
temp (C)  INITIAL
FINAL

CONC: 100%
D.O. (ma/L) INITIAL

FINAL
pH (s.u.)  INITIAL

FINAL
temp (C)  INITIAL

FINAL

CONC:
ALKALINITY (mg/L)
HARDNESS (mg/L)

100%

8.4
8.4
7.9
7.9
22.8
25
42
78
293

<0.05

8.4
8.4
7.6
7.7
224
25

8.4
8.3
7.8
7.7
22.5
25

8.4
8.4
7.9
7.7
22.7
25

8.4
8.4
8
7.7
229
25

8.4
8.4
8.2
1.7
23.7
25

118
44

2 3 4
8.5 8.5 8.6
8.2 8.1 8.1
7.8 73 7.9
7.8 7.4 7.8

228 227 221

25 25 25
42 42 42
78 78 78
293 293 293
<0.05 <0.05 <0.05
8.5 8.4 8.5
8.2 8 7.8
7.7 1.7 8.1
7.7 7.7 7.9

229 229 223
25 25 25
8.5 8.4 8.5
8.2 8 7.8
7.7 7.9 8.1
7.7 7.8 7.9

227 229 223

25 25 25
8.5 8.4 8.6
8.1 8 7.8
7.7 7.9 8.4
7.7 7.8 7.9

26 229 223

25 25 25
8.3 8.4 8.5
8.1 8 7.8
7.7 7.8 8.8
7.7 7.8 7.9

228 229 223
25 25 25
7.8 8.4 8.5

8 7.9 7.7
1.7 7.8 9.2
7.7 1.7 8
2.4 229 223

25 25 25
118 118 118

44 44 44

8.7 8.4 8.5
8 7.8 7.7
7.8 8 7.9
8 8 7.8

21.5 21.9 221

25 25 25

42 42 42

78 78 78

293 293 293
<0.05 <0.05 <0.05

8.8 8.5 8.4
7.4 7.5 7.9

8 8 7.8
7.9 8 7.8

21.5 21.2 222

25 25 25
8.7 8.5 8.4
7.5 7.4 7.9
8 8 7.8
7.9 8 7.8
21.5 215 22
25 25 25
8.6 8.6 8.5
7.6 7.4 8
8 8.1 7.9
7.9 8 7.8

216 218 22
25 25 25

8.5 8.5 8.4
7.6 7.6 7.9

8 8.3 8
7.9 8 7.8

216 21.6 21.9
25 25 25

8.1 8 8.3
7.6 7.4 7.8
8 8.8 8.1
7.9 8 7.8
221 21.7 21.8
25 25 25

118 118 118
44 44 44

CONDUCTIVITY (umhos/cm 29400 29400 29400 29400 29400 29400 29400

CHLORINE (mg/L)

<0.05

<0.05

<0.05

<0.05

<0.05 <0.05 <0.05



CHEMICAL DATA SHEET FOR CHRONIC TOXICITY TESTING

Lab #/ Sample ID
Client: =« Lion Qil

Control

D.O. (ma/L) INITIAL
FINAL

pH (s.u.)  INITIAL
FINAL

emp (C)  INITIAL
FINAL

ALKALINITY (mga/L)

HARDNESS (mg/L)

0%

ONDUCTIV TY (umhos/cm)

HLORINE (mg/L)
CONC: 6.25%
D.O. (ma/L] INITIAL

FINAL
pH (s.u) INITIAL

FINAL
temp (C)  INITIAL

FINAL

CONC: 12.50%
D.O. (ma/L) INITIAL

FINAL
pH (mg/L) INITIAL

FINAL
temp (C)  INITIAL

FINAL

CONC: 25%
D.O. (ma/L) INITIAL

FINAL
pH (s.u)  INITIAL
FINAL
temp (C)  INITIAL
FINAL
CONC: 50%
D.O. (ma/L) INITIAL
FINAL
pH (s.u)  INITIAL
FINAL
temp (C)  INITIAL
FINAL

CONC: 100%
D.O. (ma/L) INITIAL

FINAL
pH (s.u.)  INITIAL

FINAL
temp (C)  INITIAL

FINAL
CONC:
ALKALINITY (mg/L)

HARDNESS (ma/L)

100%

1

8.4
7.8
7.9
7.8
22.8
25
42
78
293

<0.05

8.6
7.7
7.6
7.9
224
25

8.4
7.8
7.8
7.9
22.5
25

8.4
7.9
7.9
7.9
22.7
25

8.4
7.9
8
7.9
229
25

8.4
8
8.2
8
23.7
25

118
44

LC-4 synthetic

Ceriodaphnia Dubia

9/10/2009
9/17/2009
Day of Test
2 3 4 5 6 7
10-Sep 11-Sep 12-Sep 13-Sep 14-Sep 15-Sep 19-Sep
8.5 8.5 8.6 8.7 8.4 8.5
8.1 7.8 8 8 7.9
7.8 7.3 7.9 7.8 8 7.9
7.9 7.9 7.8 7.7 7.8
22.8 227 2.1 21.5 21.9 221
25 25 25 25 25 25
42 42 42 42 42 42
78 78 78 78 78 78
293 293 293 293 293 293
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05
8.5 8.4 8.5 8.8 8.5 8.4
8.1 7.7 8 8 8
7.7 7.7 8.1 8 8 7.8
8 8 7.8 7.8 7.8
22.9 22.9 22.3 21.5 21.2 22.4
25 25 25 25 25
8.5 8.4 8.5 8.7 8.5 8.4
8.1 7.7 8.1 8 7.9
7.7 7.9 8.1 8 8 7.8
8 8 7.8 7.6 7.7
227 22.9 22.3 21.5 21.3 22
25 25 25 25 25
8.5 8.4 8.6 8.6 8.6 8.5
8.1 7.6 8.1 7.9 7.9
1.7 7.9 8.4 8 8.14 7.9
8 8 7.8 7.7 7.8
226 22.9 22.3 216 21.8 22
25 25 25 25 25
8.3 8.4 8.5 8.5 8.5 8.4
8.1 7.6 8.2 7.9 7.8
7.7 7.8 8.8 8 8.3 8
8 8.1 7.9 7.8 7.8
22.8 22.9 22.3 216 21.6 21.9
25 25 25 25 25
7.8 8.4 8.5 8.1 8 8.3
8 7.6 8.2 7.9 7.8
7.7 7.8 9.2 8 8.8 8.1
8 8.1 8 7.8 7.8
22.4 22.9 22.3 22.1 21.7 21.8
25 25 25 25 25
118 118 118 118 118 118
44 44 44 44 44 44

CONDUCT VITY (umhos/cm 29400 29400 29400 29400 29400 29400 29400

CHLORINE (mg/L)

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

notes/remarks



BDL-2 Synthetic
Bench Sheets
Statistical Analysis

Chemistry Bench Sheets



SURVIVAL DATA FOR FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST

LAB #/ SAMPLE ID TEST START DATE 9/10/09 TIME 1405
CLIENT Lion Oil BDL-2 TEST END DATE 9/17/009 TIME 815
AGE AND SOURCE OF MINNOWS
D AY (NUMBER SURVIVING) SURVIVAL
REP # start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
Cc 10 10 10 10 10 10 10 10 100
D 10 10 10 10 9 9 9 9 90
0 E 10 10 10 10 10 10 10 10 100 98 0
REP # start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 9 9 9 9 9 9 90
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 10 10 10 9 90
D 10 10 10 10 10 10 10 10 100
6.25% E 10 10 10 10 10 10 10 10 100 96
REP # start 1 2 3 4 5 6 7 % MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 9 90
C 10 10 10 10 10 10 9 9 90
D 10 10 10 10 10 10 10 10 100
12.50% E 10 10 10 10 10 10 10 10 100 96
REP # start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
] 10 10 10 10 10 10 9 7 70
D 10 10 10 10 10 10 10 10 100
25% E 10 10 10 10 10 10 10 10 100 94
REP # start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
Cc 10 10 10 10 10 10 10 9 90
D 10 10 10 10 10 10 10 10 100
50% E 10 10 10 10 10 10 10 8 80 94
REP # start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 9 9 9 9 90
B 10 10 10 10 10 10 10 10 90
C 10 10 10 9 9 9 9 9 90
D 10 10 10 10 10 10 10 10 100
100% E 10 10 10 10 10 10 10 10 100 94 5383
ANALYST KP MG TC TC KP KP KP KP
DATE: 9/10/2009 9/11/2009 9/12/2008 9/13/2009 9/14/200S 9/15/2009 9/16/2009 9/17/2009
TIME: 1405 1300 1617 1418 1440 1420 1435 815

CV = PERCENT COEFFICIENT OF VARIATION: STANDARD DEVIATION/MEAN * 100

July, 2007



AA# BDL-2, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT(Y))

Shapiro - Wilk's test for normality

D = 0.334
W = 0.816
Critical W (P - 0.05) (n = 30) = 0.927
Critical W (P - 0.01) (n = 30) = 0.900

Data FAIL normality test. Try another transformation.

Warning - The first three homogeneity tests are sensitive to non-normal
data and should not be performed.

AA# BDL-2, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT (Y) )

Bartlett's test for homogeneity of variance
Calculated Bl statistic = 5.10

Table Chi-square value 15.09 (alpha

= 0.01, df
Table Chi-square value = 11.07 (alpha

0.05, df

5)
5)

wou

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

TITLE: AA# BDL-2, FATHEAD MINNOW SURVIVAL, CHRONIC

FILE: H:\TOXSTAT\MONTE\CKSMPLEF.

TRANSFORM: ARC SINE (SQUARE ROOT (Y) ) NUMBER OF GROUPS: 6

GRP IDENTIFICATION REP VALUE TRANS VALUE
1 CONTROL 1 1.0000 1.4120
1 CONTROL 2 1.0000 1.4120
1 CONTROL 3 1.0000 1.4120
1 CONTROL 4 0.9000 1.2490
1 CONTROL 5 1.0000 1.4120
2 6.25 % EFFLUENT 1 0.9000 1.2490
2 6.25 % EFFLUENT 2 1.0000 1.4120
2 6.25 % EFFLUENT 3 0.9000 1.2490
2 6.25 % EFFLUENT 4 1.0000 1.4120
2 6.25 % EFFLUENT 5 1.0000 1.4120
3 12.5 % EFFLUENT 1 1.0000 1.4120
3 12.5 % EFFLUENT 2 0.9000 1.2490
3 12.5 % EFFLUENT 3 0.9000 1.2490



3 12.5 % EFFLUENT 4 1.0000 1.4120
3 12.5 % EFFLUENT 5 1.0000 1.4120
4 25.0 % EFFLUENT 1 1.0000 1.4120
4 25.0 % EFFLUENT 2 1.0000 1.4120
4 25.0 % EFFLUENT 3 0.7000 0.9912
4 25.0 % EFFLUENT 4 1.0000 1.4120
4 25.0 % EFFLUENT 5 1.0000 1.4120
5 50 % EFFLUENT 1 1.0000 1.4120
5 50 % EFFLUENT 2 1.0000 1.4120
5 50 % EFFLUENT 3 0.9000 1.2490
5 50 % EFFLUENT 4 1.0000 1.4120
5 50 % EFFLUENT 5 0.8000 1.1071
6 100 % EFFLUENT 1 0.9000 1.2490
6 100 % EFFLUENT 2 0.9000 1.2490
6 100 % EFFLUENT 3 0.9000 1.2490
6 100 % EFFLUENT 4 1.0000 1.4120
6 100 % EFFLUENT 5 1.0000 1.4120
AA# BDL-2, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT(Y))
STEEL'S MANY-ONE RANK TEST Ho:Control<Treatment
TRANSFORMED RANK CRIT.
GROUP IDENTIFICATION MEAN SUM VALUE df SIG
1 CONTROL 1.379
2 6.25 % EFFLUENT 1.347 25.00 16.00 5.00
3 12.5 % EFFLUENT 1.347 25.00 16.00 5.00
4 25.0 % EFFLUENT 1.328 27.00 16.00 5.00
5 50 % EFFLUENT 1.318 24 .50 16.00 5.00
6 100 % EFFLUENT 1.314 22.50 16.C0 5.00

Critical values use k = 5, are 1 tailed, and alpha = 0.05



Pimephales promelas FATHEAD MINNOW TEST 1000.0
+ WEIGHT DATA FOR LARVAL SURVIVAL AND GROWTH TEST

LAB # / #s: NA TEST DATES (BEGIN / END): 09/10-17/09
CLIENT: Lion Oil WEIGH NG DATE TIME: 9/18/0¢
ANALYSTS: KP DRYING TEMP (DEGREES C): 60
SAMPLE ID: BDL-2 DRYING TIME (HOURS): 24
FINAL DRY
DRY INTIAL TOTAL DRY WEIGHT
WEIGHT =~ WEIGHT ~ WEIGHT OF \yaer  OF
TIN+LARVAE TIN LARVAE OF LARVAE
REP# (@) (@) (a) LARVAE  (mg)
CONTROL A 1.00739 1.00175 0.00564 10 0.564 AVG DRY
B 1.00894 1.00252 0.00642 10 0.642 WEIGHT (mg)
C 1.00784 1.00235 0.00549 10 0.549 0.595
D 0.98706 0.98081 0.00625 10 0.625 CV
OE 0.99247 0.98650 0.00597 10 0.597 6.6
CONC: A 1.00864 1.00510 0.00354 10 0.354 AVG DRY
B 0.99627 0.99122 0.00505 10 0.505 WEIGHT (mg)
C 1.01335 1.00864 0.00471 10 0.471 0.443
D 1.01469 1.01077 0.00392 10 0.392 CV
6.25% E 1.01358 1.00864 0.00494 10 0.494 15.0
CONC: A 1.00933 1.00396 0.00537 10 0.537 AVG DRY
B 1.01672 1.01239 0.00433 10 0.433 WEIGHT (mg)
C 1.01807 1.01407 0.00400 10 0.400 0.460
D 1.01504 1.01081 0.00423 10 0.423 CV
12.50% E 1.00535 1.00028 0.00507 10 0.507 12.8
CONC: A 1.01701 1.01242 0.00459 10 0.459 AVG DRY
B 1.01340 1.00786 0.00554 10 0.554 WEIGHT (mg)
C 1.01430 1.01001 0.00429 10 0.429 0.491
D 1.00455 0.99967 0.00488 10 0.488 CV
25% E 0.99347 0.98823 0.00524 10 0.524 10.2
CONC: A 1.00156 0.99512 0.00644 10 0.644 AVG DRY
B 1.01605 1.00982 0.00623 10 0.623 WEIGHT (mg)
C 1.01350 1.00871 0.00479 10 0.479 0.592
D 1.02127 1.01497 0.00630 10 0.630 CV
50% E 0.99266 0.98680 0.00586 10 0.586 11.3
CONC: A 1.01483 1.00546 0.00937 10 0.937 AVG DRY
B 1.00292 0.99407 0.00885 10 0.885 WEIGHT (mg)
C 1.01419 1.00588 0.00831 10 0.831 0.859
D 0.99729 0.98936 0.00793 10 0.793 CV
100% E 0.99593 0.98744 0.00849 10 084964

CV = (STANDARD DEVIATION/MEAN)*100
REMARKS:



\A# BDL-2, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
rile: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y))

Shapiro - Wilk's test for normality

D = 0.095
W = 0.972
Critical W (P = 0.05) (n = 30) = 0.927
Critical W (P = 0.01) (n = 30) = 0.900

Data PASS normality test at P=0.01 level. Continue analysis.

AA# BDL-2, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y) )

Bartlett's test for homogeneity of variance

Calculated Bl statistic = 2.27
Table Chi-square value = 15.09 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5) -

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

TITLE: GROWTH, CHRONIC, 9-10-09
FILE:
TRANSFORM: NUMBER OF GROUPS: 6
GRP IDENTIFICATION REP VALUE TRANS VALUE

1 CONTROL 1 0.5640 0.8496

1 CONTROL 2 0.6420 0.9294

1 CONTROL 3 0.5490 0.8345

1 CONTROL 4 0.6250 0.9117

1 CONTROL 5 0.5970 0.8830

2 6.25 % EFFLUENT 1 0.3540 0.6372

2 6.25 % EFFLUENT 2 0.5050 0.7904

2 6.25 % EFFLUENT 3 0.4710 0.7564

2 6.25 % EFFLUENT 4 0.3920 0.6765

2 6.25 % EFFLUENT 5 0.4940 0.7794

3 12.5 % EFFLUENT 1 0.5370 0.8224

3 12.5 % EFFLUENT 2 0.4330 0.7182

3 12.5 % EFFLUENT 3 0.4000 0.6847

3 12.5 % EFFLUENT 4 0.4230 0.7081

3 12.5 % EFFLUENT 5 0.5070 0.7924

4 25 % EFFLUENT 1 0.4590 0.7444



25
25
25
25
50
50
50
50
50
100
100
100
100
100

ONO\G\O\O\LHU'IUWU’IUT»bobrb»b

AA# BDL-2, FATHEAD MINNOW GROWTH, CHRONIC,
File: H:\TOXSTAT\MONTE\CKSMPLGR.

SOURCE

Between

A0 0P AP 9@ O P o d° o oF o o o° o°

EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT

Within (Error)

Total

Critical F value

Since

F > Critical F

DF

24

29

m»wwwm.&wmpm&ww

.5540
.4290
.4880
.5240
.6440
.6230
.4790
.6300
.5860
.9370
.8850
.8310
.7930
.8490

OOOOOOOOOOOOOO

9-10-09

ANOVA TABLE

SS
0.741
0.095
0.836

62 (0.05,5,24)
REJECT Ho: All equal

AA# BDL-2, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09

File: H:\TOXSTAT\MONTE\CKSMPLGR.

DUNNETT'S TEST

TRANSFORMED MEAN CALCULATED IN

GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT
1 CONTROL 0.882 0.595
2 6.25 % EFFLUENT 0.728 0.443 3.865
3 12.5 % EFFLUENT 0.745 0.460 3.433
4 25 % EFFLUENT 0.776 0.491 2.653
5 50 % EFFLUENT 0.879 0.592 0.070
6 100 % EFFLUENT 1.192 0.859 -7.803

Dunnett table value = 2.36 (1 Tailed Value, p=0.05, df=24,5)

AA# BDL-2, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09

File: H:\TOXSTAT\

Transform:

TABLE 1 OF 2

MONTE\CKSMPLGR.

DUNNETT'S TEST -

Transform: ARC SINE

TABLE 2 OF 2

l—'l—"—'l—‘l—‘OOOOOOOOO

Transform: ARC

0

0

.8395
L7142
.7734
.8094
.9315
.9097
.7644
.9169
.8718
.3171
.2248
.1471
.0985
L1717

SINE (SQUARE ROOT (Y))

MS

.148

.004

37.535

ARC SINE (SQUARE ROOT (Y) )

Ho:Control<Treatment

Ho:Control<Treatment

SIG

(SQUARE ROOT (Y))



NUM OF Minimum Sig Diff % of DIFFERENCE

GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
1 CONTROL 5
2 6.25 % EFFLUENT 5 0.093 15.7 0.152
3 12.5 % EFFLUENT 5 0.093 15.7 0.135
4 25 % EFFLUENT 5 0.093 15.7 0.105
5 50 % EFFLUENT 5 0.093 15.7 0.003
6 100 % EFFLUENT 5 0.093 15.7 -0.264



SURVIVAL AND REPRODUCTION TEST
Analyst: KP
Location: BD:-2 Test Start - Date/ Time: 9/10/09 1415
Test Stop - Date/Time: 9/17/09 0730

O~NOGO DA WN -~

Total

Day

O~NOGO S WN =

Total
X= DEAD; MALE



AA # BDL-2, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION

Shapiro - Wilk's test for normality

xx%**+%%* Shapiro - Wilk's Test igs aborted ***x*xk**

This test can not be performed pecause total number of replicates
is greater than 50.

Total number of replicates = 60

AA # BDL-2, CERIODAPHNIA DUBIZ CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION

Bartlett's test for homogeneity of variance

Calculated Bl statistic = 19.01
Table Chi-square value = 15.09 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5)

Data FAIL Bl homogeneity test at 0.01 level. Try another transformation.



- FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
6.25 10 0 10
____________________ AL 0 ememmeaemmnes
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.

Since b is greater than 6 there is no significant difference
between CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 10
12.5 10 10
________________ e A
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.

Since b is greater than 6 there is no significant difference
between CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS

CONTROL 10 10

25 9 10



CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 9.
Since b is greater than 6 there is no significant difference

between CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

T NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
50 10 0 10
TOTAL 20 0 20

CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.
Since b is greater than 6 there is no significant difference

between CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

o NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
100 3 7 10
____________________ voran 1T
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 3.

Since b is less than or equal to 6 there is a significant difference

between CONTROL and TREATMENT at the 0.05 level.

SUMMARY OF FISHER'S EXACT TESTS
NUMBER NUMBER SIG



GROUP

nmdwhe

TITLE:
FILE:
TRANSFORM: NO TRANSFORMATION

GRP

1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4

IDENTIFICATION

CONTROL
6.25
12.5

25
50
100

AA # BDL-2, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
H:\TOXSTAT\MONTE\CKSMPLEC.

IDENTIFICATION REP

ARG ONOONONRN

VRN NN NN R PR
AR RERURGRGE SR SRS SE SRR R
coocooocooouUIuUIUTLLIIA

N
n

DD N
GG RGN RO RS
0 AP o AP o o0 d° o d° o°

N
8]

\S]
[0

o° oP ofP o0 AP o° o o0 o o o° o° o oP oP° o oP o

CONTROL 1
CONTROL 2
CONTROL 3
CONTROL 4
CONTROL 5
CONTROL 6
CONTROL 7
CONTROL: 8
CONTROL 9
CONTROL 10
EFFLUENT 1
EFFLUENT 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8
EFFLUENT 9
EFFLUENT 10
EFFLUENT 1
EFFLUENT 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8
EFFLUENT 9
EFFLUENT 10
EFFLUENT 1
EFFLUENT 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8

EXPOSED

10
i0
10
10
10
10

VALUE

18.
.0000
10.
19.
15.
18.
20.
18.
27.
21.
12.
.0000
15.
16.
21.
12.
19.
19.
12.
20.
11.
16.
21.
22.

23

13

23

18

0000

0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

.0000
14.

0000

.0000
17.
15.
26.
.0000
22.
19.
24.

0000
0000
0000

0000
0000
0000

.0000
17.
16.
16.

0000
0000
0000

DEAD

JORrOOOo

NUMBER OF GROUPS:

TRANS VALUE

18.
.0000
io0.
19.
.0000
18.
.0000
18.
27.
21.

23

15

20

12

12

19

23

7

18

0000

0000
0000

0000
0000

0000
0000

.0000

7.
15.
16.
21.
.0000
19.
.0000
12.
20.
11.
16.
21.
22.
13.
14.

0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000
0000

.0000
17.
15.
26.

0000
0000
0000

.0000
22.
19.
24.
.0000
17.
16.
i6.

0000
0000
0000

0000
0000
0000

(P=.05)

6



4 25.0 % EFFLUENT 9 2.0000 2.0000
4 25.0 % EFFLUENT 10 0.0000 0.0000
5 50.0 % EFFLUENT 1 7.0000 7.0000
5 50.0 % EFFLUENT 2 12.0000 12.0000
5 50.0 % EFFLUENT 3 12.0000 12.0000
5 50.0 % EFFLUENT 4 3.0000 3.0000
5 50.0 % EFFLUENT 5 17.0000 17.0000
5 50.0 % EFFLUENT 6 1.0000 1.0000
5 50.0 % EFFLUENT 7 6.0000 6.0000
5 50.0 % EFFLUENT 8 22.0000 22.0000
5 50.0 % EFFLUENT 9 2.0000 2.0000
5 50.0 % EFFLUENT 10 14.0000 14.0000
6 100 % EFFLUENT 1 2.0000 2.0006
6 100 % EFFLUENT 2 0.0000 0.0000
6 100 $ EFFLUENT 3 0.0000 0.0000
6 100 % EFFLUENT 4 2.0000 2.0000
6 100 % EFFLUENT 5 0.0000 0.0000
6 100 % EFFLUENT 6 2.0000 2.0000
6 100 % EFFLUENT 7 5.0000 5.0000
6 100 % EFFLUENT 8 0.0000 0.0000
6 100 $ EFFLUENT 9 0.0000 0.0000
6 100 % EFFLUENT 10 0.0000 0.0000

AA # BDL-2, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION

ANOVA TABLE

SOURCE DF SS MS
Between 2172.800 434 .560 14.164
Within (Error) 54 1656.800 30.681
Total 59 3829.600
Critical F value = 2.45 (0.05,5,40)

gince F > Critical F REJECT Ho: All equal

AA # BDL-2, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION

BONFERRONI t-TEST - TABLE 1 OF 2 Ho:Control<Treatment

TRANSFORMED MEAN CALCULATED IN

GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
1 CONTROL 18.900 18.900
2 6.25 % EFFLUENT 15.300 15.300 1.453
3 12.5 % EFFLUENT 17.800 17.800 0.444
4 25.0 % EFFLUENT 14.100 14.100 1.938
5 50.0 $ EFFLUENT 9.600 9.600 3.754 *
6 100 $ EFFLUENT 1.100 1.100 7.186 *



3onferroni t table value =

-

2.40 (1 Tailed Value, p=0.05, df=50,5)

AA # BDL-2, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION

File: H:\TOXSTAT\MONTE\

BONFERRONI t-TEST -

CKSMPLEC. Transform: NO TRANSFORMATION
TABLE 2 OF 2 Ho:Control<Treatment
NUM OF Minimum Sig Diff % of DIFFERENCE
REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
10
10 5.953 31.5 3.600
10 5.953 31.5 1.100
10 5.953 31.5 4,800
10 5.953 31.5 9.300
10 5.953 31.5 17.800

GROUP IDENTIFICATION
1 CONTROL
2 6.25 % EFFLUENT
3 12.5 % EFFLUENT
4 25.0 % EFFLUENT
5 50.0 % EFFLUENT
6 100 % EFFLUENT

AA $# BDL-2, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION

File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION
STEEL'S MANY-ONE RANK TEST - Ho:Control<Treatment
TRANSFORMED CRIT.

GROUP IDENTIFICATION MEAN VALUE df SIG
1 CONTROL 18.900
2 6.25 % EFFLUENT 15.300 86.50 75.00 10.00
3 12.5 % EFFLUENT 17.800 96.50 75.00 10.00
4 25.0 % EFFLUENT 14.100 87.00 75.00 10.00
5 50.0 % EFFLUENT 9,600 68.00 75.00 10.00 *
6 100 % EFFLUENT 1.100 55.00 75.00 10.00 *

Critical values

are 1 tailed, and alpha = 0.05



CHEMICAL DATA SHEET FOR CHRONIC TOXICITY TESTING Ceriodaphnia Dubia
Lab #/ Sample ID BDL-2 9/10/2009
Client: Lion Oil 9/17/2009
Day of Test
1 2 3 4 5 6 7 notes/remarks
Control 0% 10-Sep 11-Sep 12-Sep 13-Sep 14-Sep 15-Sep 16-Sep
D.O. (ma/L)INITIAL 8.4 8.5 8.5 8.6 8.7 8.4 8.5
FINAL 7.8 8 7.8 7.6 7.9 7.8 79
pH (s.u)  INITIAL 7.9 7.8 7.3 7.9 7.8 8 7.9
FINAL 7.9 7.2 8.1 8 7.7 7.9 7.9
temp (C) NITIAL 22.8 22.8 22.7 22.1 21.3 21.9 221
FINAL 25 25 25 25 25 25 25
ALKALINITY (mg/L) 42 42 42 42 42 42 42
HARDNESS (mg/L) 78 78 78 78 78 78 78
CONDUCTIV TY (umhos/cm) 293 293 293 293 293 293 293
CHLORINE mg/L) <0.05 <0.05 <0.05 <0.05 <005 <0.05 <0.05
CONC: 6.25%
D.O. (mg/L) INITIAL 8.4 8.4 8.4 8.6 8.8 8.4 8.5
FINAL 7.7 8 7.7 7.7 8 7.9 7.9
pH (s.u) INITIAL 7.8 7.8 7.4 7.9 8.1 8.3 7.8
FINAL 7.9 7.3 8 8.1 7.5 7.9 8
temp (C)  INITIAL 22.7 23.7 22.8 22.1 21.7 22.1 226
FINAL 25 25 25 25 25 25 25
CONC: 12.50%
D.O. (ma/L) INITIAL 8.4 8.4 8.4 8.6 8.7 8.4 8.6
FINAL 7.7 8 7.7 7.7 8 7.9 8
pH (ma/L) INITIAL 7.8 7.7 7.6 7.9 8 8.2 7.9
FINAL 7.9 7.3 8.1 8.1 7.5 7.9 8
temp (C)  INITIAL 22.7 23.8 22.8 221 21.7 22.2 22
FINAL 25 25 25 25 25 25 25
CONC: 25%
D.O. (mg/L) INITIAL 8.5 8.4 8.4 8.6 8.4 8.5 8.5
FINAL 7.7 8 7.7 7.6 8 8 8
pH (s.u.)  INITIAL 7.8 7.7 7.7 7.9 8.1 8.2 7.9
FINAL 7.9 7.3 8.1 8.1 7.5 8 80
temp (C)  INITIAL 22.7 23.8 22.9 22.1 21.8 22 21.9
FINAL 25 25 25 25 25 25 25
CONC: 50%
D.O. (mg/L) INITIAL 8.5 8.4 8.4 8.6 8.2 8.4 8.4
FINAL 7.7 8 7.8 7.9 8.1 8 8
pH (s.u.)  INITIAL 7.9 7.6 7.8 7.9 8 8.2 7.9
FINAL 7.9 7.3 8 8.2 7.6 8 8
temp (C)  INITIAL 23.1 23.8 22.9 22.2 21.8 21.9 21.9
FINAL 25 25 25 25 25 25 25
CONC: 100%
D.O. (ma/L) INITIAL 8.5 8.4 8.4 8.6 7.9 8 8.2
FINAL 7.7 8 7.6 7.9 8.1 8 8
pH (s.u.)  INITIAL 7.5 7.6 7.9 7.9 7.9 7.7 7.8
FINAL 7.9 7.5 8 8.2 7.6 8.1 8
temp (C)  INITIAL 23.6 23.8 22.9 22.2 21.9 21.8 21.8
FINAL 25 25 25 25 25 25 25
CONC:
ALKALINITY (mg/L) 12 12 12 12 12 12 12
HARDNESS (mg/L) 42 42 42 42 42 42 42

CONDUCTIVITY (umhos/cm 21800 21800 21800 21800 21800 21800 21800

CHLORINE (mg/L)

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05



CHEMICAL DATA SHEET FOR CHRONIC TOXICITY TESTING
BDL-2

Lab #/ Sample ID
Client: * Lion Qil

Control

D.O. (ma/L) INITIAL
FINAL

pH (s.u.) INITIAL
FINAL

temp (C)  INITIAL
FINAL

ALKALINITY (ma/L)

HARDNESS (ma/L)

0%

CONDUCTIV TY (umhos/cm)

CHLORINE (mg/L)
CONC: 6.25%
D.O. (ma/L) INITIAL

FINAL
pH (s.u) INITIAL

FINAL
temp (C)  INITIAL

FINAL

CONC: 12.50%
D.O. (ma/L) INITIAL

FINAL
pH (mg/L) INITIAL

FINAL
temp (C)  INITIAL

FINAL

CONC: 25%
D.O. (ma/L) INITIAL

FINAL
pH (s.u)  INITIAL
FINAL
temp (C)  INITIAL
FINAL
CONC: 50%
D.O. (ma/L) INITIAL
FINAL
pH (s.u)  INITIAL
FINAL
temp (C)  INITIAL
FINAL

CONC: 100%
D.O. (ma/L) INITIAL

FINAL
pH (s.u)  INITIAL

FINAL
temp (C) INITIAL

FINAL
CONC:
ALKALINITY (mg/L)

HARDNESS (mg/lL)

100%

1

8.4
8.4
7.9
7.9
228
25
42
78
293

<0.05

8.4
7.7
7.8
7.9
22.7
25

8.4
1.7
7.8
7.8
227
25

8.6
7.6
7.8
7.8
22.7
25

8.5
7.5
7.9
7.9
231
25

8.5
7.6

7.9

25.6
25

12

Fathead Minnow

9/10/2009
9/17/2009
Day of lest
2 3 4 5 6 7
10-Sep 11-Sep 12-Sep 13-Sep 14-Sep 15-Sep 16-Sep
8.5 8.5 8.6 8.7 8.4 8.5
8.2 8.1 8.1 8 8 7.9
7.8 7.3 7.9 7.8 8 7.9
7.8 7.4 7.8 8 8 7.9
22.8 22.7 22.1 21.5 21.9 221
25 25 25 25 25 25
42 42 42 42 42 42
78 78 78 78 78 78
293 293 293 293 293 293
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05
8.4 8.4 8.6 8.8 8.6 8.5
7.8 7.7 7.7 76 7.5 8.1
7.8 7.4 7.9 8.1 8.3 7.8
7.6 7.4 7.9 7.9 7.3 7.8
23.7 22.8 22.1 21.7 221 22
25 25 25 25 25 25
8.4 8.4 8.6 8.7 8.4 8.6
7.7 7.7 7.6 7.5 7.5 8.7
7.7 7.6 7.9 8 8.7 7.9
7.6 7.5 7.9 7.9 7.9 7.8
23.8 22.8 221 21.7 22.2 22
25 25 25 25 25 25
8.4 8.4 8.6 8.4 8.5 8.5
7.7 7.7 7.7 7.5 7.6 8
1.7 7.7 7.9 8.1 8.7 7.9
7.6 7.6 7.9 7.8 7.9 7.8
23.8 22.9 221 21.8 22 21.9
25 25 25 25 25 25
8.3 8.4 8.6 8.2 8.4 84
8.4 7.6 7.7 7.6 7.5 7.8
7.7 7.8 7.9 8 8.2 7.9
7.6 7.7 7.9 7.8 7.8 7.7
23.8 22.9 22.2 21.8 21.9 21.9
25 25 25 25 25 25
8.4 8.4 8.6 7.9 8 8.2
7.6 7.6 7.7 7.6 7.5 7.8
7.6 7.9 7.9 7.9 7.7 7.8
7.6 7.8 7.8 7.8 7.8 7.6
23.8 22.9 22.2 21.9 21.8 21.8
25 25 25 25 25 25
12 12 12 12 12 12
42 42 42 42 42 42

42

CONDUCTIVITY (umhos/cm 21800 21800 21800 21800 21800 21800 21800

CHLORINE (mg/L)

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

notes/remarks
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SURVIVAL DATA FOR FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST

Sample ID: BDL-6 synthetic Test Begin Date 9/10/2009 1430
CLIENT Lion Oil « TEST END DATE  9/24/09 TIME 1216
AGE AND SOURCE OF MINNOWS
D AY NUMBER SURVIV NG) SURVIVAL
REP # start 1 2 3 4 5 6 7 % MEAN %
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
] 10 10 10 10 10 10 10 10 100
D 10 10 10 10 9 9 9 9 90
0 E 10 10 10 10 10 10 10 10 100 98
REP# start 1 2 3 4 5 6 7 % MEAN %
CONC: A 10 10 9 9 9 9 9 9 90
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 10 10 10 10 100
D 10 10 9 9 9 9 9 9 90
6.25% E 10 10 9 9 9 9 10 8 80 92
REP # start 1 2 3 4 5 9 7 % MEAN %
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 9 9 9 9 9 90
C 10 10 9 9 9 9 9 9 90
D 10 10 10 10 10 10 10 10 100
12.50% E 10 10 10 10 10 10 10 10 100 96
REP # start 1 2 3 4 5 6 7% MEAN %
CONC: A 10 10 10 10 9 9 9 9 90
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 9 9 9 9 90
D 10 10 9 9 9 9 9 9 90
25% E 10 10 10 10 10 10 10 10 100 94
REP# start 1 2 3 4 5 6 7 % MEAN %
CONC: A 10 10 10 10 10 10 10 9 90
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 10 10 10 10 100
D 10 10 10 10 10 10 10 10 100
50% E 10 10 10 10 10 10 10 10 100 98
REP # start 1 2 3 4 5 6 7 % MEAN %
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
C 10 10 10 10 10 10 10 10 100
D 10 10 10 10 10 10 10 10 100
100% E 10 10 10 10 10 10 10 9 90 98
ANALYST KP MG TC TC KP KP KP KP
DATE: 9/10/2009 9/11/2009 9/12/2009 9/13/2008 9/14/2009  9/15/2008  9/16/2009 9/17/2009
TIME: 1430 1330 1657 1435 1155 1400 1110 840

CV = PERCENT COEFFICIENT OF VARIATION: STANDARD DEVIATION/MEAN * 100

July, 2007

Ccv

Ccv

cv

cv

cv

cv

4.56



AA# BDL-6, FATHEAD MINNOW SURVIVAL, CHRONIC i
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQU 00T (Y))

N —— -

D 0.579

I

W = 0.876 /

/
Critical W (P - 0.05) (n
Critical W (P 0.01) (n

30) 0.927
30) 0.900

Data FAIL normélity test. Try an ther transformation.

Warning - The first three homog neity tests are sens tive to non-normal
data and should not b performed.

/

ALY BDL-i, FATHEAD MINNOW SURVIV. , CHRONIC
File: Hy TOXSTAT\MONTE\ CKSMPLEF . Transform: AR SINE (SQUARE ROOT (Y))

Bartleﬁt's test for homogeneity o variance
calculated Bl statistic = 1.01

Chi-square value = 15.09 alpha = 0.01, 5)
Chi-square value = 11.07 lpha = 0.05 5)
PASS Bl homogeneity test at 0. level. C inu analysis.

AA# BDL-6, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT (Y) )

D = 0.194
W = 0.907
Critical W (P = 0.05) (n = 30) = 0.927
Critical W (P = 0.01) (n = 30) = 0.900

Data PASS normality test at P=0.01 level. Continue analysis.

AA# BDL-6, FATHEAD MINNOW SURVIVAL;, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT (Y) )



Bartlett's test for homogeneity of variance

calculated Bl statistic = 2.07

-
Table Chi-square value = 15.09 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

TITLE: SURVIVAL, CHRONIC

FILE:

TRANSFORM: NUMBER OF GROUPS: 6

GRP IDENTIFICATION REP VALUE TRANS VALUE
1 CONTROL 1 1.0000 1.4120
1 CONTROL 2 1.0000 1.4120
1 CONTROL 3 1.0000 1.4120
1 CONTROL 4 0.9000 1.2490
1 CONTROL 5 1.0000 1.4120
2 6.25 % EFFLUENT 1 0.9000 1.2490
5 6.25 % EFFLUENT 2 1.0000 1.4120
2 6.25 % EFFLUENT 3 1.0000 1.4120
2 6.25 % EFFLUENT 4 0.9000 1.2490
2 6.25 % EFFLUENT 5 0.8000 1.1071
3 12.5 % EFFLUENT 1 1.0000 1.4120
3 12.5 % EFFLUENT 2 0.9000 1.2490
3 12.5 % EFFLUENT 3 0.9000 1.2490
3 12.5 % EFFLUENT 4 1.0000 1.4120
3 12.5 % EFFLUENT 5 1.0000 1.4120
4 25.0 % EFFLUENT 1 0.9000 1.2490
4 25.0 % EFFLUENT 2 1.0000 1.4120
4 25.0 % EFFLUENT 3 0.9000 1.2490
4 25.0 % EFFLUENT 4 0.9000 1.2490
4 25.0 % EFFLUENT 5 1.0000 1.4120
5 50 % EFFLUENT 1 0.9000 1.2490
5 50 % EFFLUENT 2 1.0000 1.4120
5 50 % EFFLUENT 3 1.0000 1.4120
5 50 % EFFLUENT 4 1.0000 1.4120
5 50 % EFFLUENT 5 1.0000 1.4120
6 100 % EFFLUENT 1 1.0000 1.4120
6 100 % EFFLUENT 2 1.0000 1.4120
6 100 % EFFLUENT 3 1.0000 1.4120
6 100 % EFFLUENT 4 1.0000 1.4120
6 100 % EFFLUENT 5 0.9000 1.2490

AA# BDL-6, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT (Y))

STEEL'S MANY-ONE RANK TEST Ho:Control<Treatment

TRANSFORMED RANK CRIT.



GROUP IDENTIFICATION

1 «

2 6.25 %
3 12.5 %
4 25.0 %
5 50 %
6 100 %

Critical values

MEAN

CONTROL 1.379
EFFLUENT 1.286
EFFLUENT 1.347
EFFLUENT 1.314
EFFLUENT 1.379
EFFLUENT 1.379

use k = 5, are 1

tailed, and alpha

SUM

22.
25.
22.

27

00
00
50

.50
27.

50

VALUE

16.
16.
16.
16.
16.

00
00
00
00
00

0.05

ooty

.00
.00
.00
.00
.00

SIG



Pimephales promelas FATHEAD MINNOW TEST 1000.0
« WEIGHT DATA FOR LARVAL SURVIV,

LAB # / #s: NA TEST DATES (BEGIN / END): 9/10-17/09
CLIENT: Lion Qil WEIGHING DATE / TIME: 9/18/2009
ANALYSTS: KP DRYING TEMP (DEGREES C): 60
SAMPLE ID: BDL-6 DRYING TIME (HOURS): 24
FINAL DRY
DRY INTIAL TOTAL DRY WEIGHT
WEIGHT ~ WEIGHT  WEIGHT OF \ueer  OF
TIN+LARVAE TIN LARVAE OF LARVAE
REP# (a) (a) (9) LARVAE  (mQ)
CONTROL A 1.00739 1.00175 0.00564 10 0.564 AVG DRY
B 1.00894 1.00252 0.00642 10 0.642 WEIGHT (mg)
C 1.00784 1.00235 0.00549 10 0.549 0.595
D 0.98706 0.98081 0.00625 10 0.625 CV
OE 0.99247 0.98650 0.00597 10 0.597 6.6
CONC: A 0.98546 0.98044 0.00502 10 0.502 AVG DRY
B 0.98015 0.97478 0.00537 10 0.537 WEIGHT (mg)
C 1.01034 1.00470 0.00564 10 0.564 0.508
D 1.00935 1.00475 0.00460 10 0.460 CV
6.25% E 1.01369 1.00890 0.00479 10 0.479 8.3
CONC: A 0.99626 0.98987 0.00639 10 0.639 AVG DRY
B 1.00975 1.00346 0.00629 10 0.629 WEIGHT (mg)
C 0.99082 0.98612 0.00470 10 0.470 0.580
D 0.98422 0.97792 0.00630 10 0.630 CV
12.50% E 0.97251 0.96718 0.00533 10 0.533 13.0
CONC: A 0.99070 0.98404 0.00666 10 0.666 AVG DRY
B 0.98922 0.98262 0.00660 10 0.660 WEIGHT (mg)
C 0.99653 0.99081 0.00572 10 0.572 0.652
D 1.02075 1.01405 0.00670 10 0.670 CV
25% E 0.97852 0.97159 0.00693 10 0.693 7.1
CONC: A 0.99460 0.98833 0.00627 10 0.627 AVG DRY
B 1.00491 0.99742 0.00749 10 0.749 WEIGHT (mg)
C 1.02416 1.01740 0.00676 10 0.676 0.677
D 1.01972 1.01368 0.00604 10 0.604 CV
50% E 1.02419 1.01691 0.00728 10 0.728 9.2
CONC: A 1.01652 1.00804 0.00848 10 0.848 AVG DRY
B 0.98676 0.97840 0.00836 10 0.836 WEIGHT (mg)
C 1.00694 1.00057 0.00637 10 0.637 0.774
D 0.99437 0.98653 0.00784 10 0.784 CV
100% E 0.99749 0.98986 0.00763 10 0.763 10.9

CV = (STANDARD DEVIATION/MEAN)*100
REMARKS:



AA# BDL-6, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y) )

Shapiro - Wilk's test for normality

D = 0.102
W = 0.955
Critical W (P = 0.05) (n - 30) = 0.927
Critical W (P = 0.01) (n = 30) = 0.900

Data PASS normality test at P=0.01 level. Continue analysis.

AA# BDL-6, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y) )

Bartlett's test for homogeneity of variance

Calculated Bl statistic = 4.66
Table Chi-square value = 15.09 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.

TITLE: AA# BDL-6, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
FILE: H:\TOXSTAT\MONTE\CKSMPLGR.
TRANSFORM: ARC SINE (SQUARE ROOT (Y)) NUMBER OF GROUPS: 6
GRP IDENTIFICATION REP VALUE TRANS VALUE

1 CONTROL 1 0.5640 0.8496

1 CONTROL 2 0.6420 0.9294

1 CONTROL 3 0.5490 0.8345

1 CONTROL 4 0.6250 0.9117

1 CONTROL 5 0.5970 0.8830

2 6.25 % EFFLUENT 1 0.5020 0.7874

2 6.25 % EFFLUENT 2 0.5370 0.8224

2 6.25 % EFFLUENT 3 0.5640 0.8496

2 6.25 % EFFLUENT 4 0.4600 0.7454

2 6.25 % EFFLUENT 5 0.4790 0.7644

3 12.5 % EFFLUENT 1 0.6390 0.9263

3 12.5 % EFFLUENT 2 0.6290 0.9159

3 12.5 % EFFLUENT 3 0.4700 0.7554

3 12.5 % EFFLUENT 4 0.6300 0.9169

3 12.5 % EFFLUENT 5 0.5330 0.8184

4 25 % EFFLUENT 1 0.6660 0.9546



4 25 % EFFLUENT 2 0.6600 0.9483
4 25 % EFFLUENT 3 0.5720 0.8576
4 25 % EFFLUENT 4 0.6700 0.9589
4 25 % EFFLUENT 5 0.6930 0.9835
5 50 % EFFLUENT 1 0.6270 0.9138
5 50 % EFFLUENT 2 0.7490 1.0460
5 50 % EFFLUENT 3 0.6760 0.9653
5 50 % EFFLUENT 4 0.6040 0.8902
5 50 % EFFLUENT 5 0.7280 1.0221
6 100 % EFFLUENT 1 0.8480 1.1703
6 100 % EFFLUENT 2 0.8360 1.1539
6 100 % EFFLUENT 3 0.6370 0.9242
6 100 % EFFLUENT 4 0.7840 1.0874
6 100 % EFFLUENT 5 0.7630 1.0623
AA# BDL-6, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y) )
ANOVA TABLE
SOURCE DF SS MS
Between 0.242 0.048 11.338
Within (Error) 24 0.102 0.004
Total 29 0.344
Critical F value = 2.62 (0.05,5,24)
gince F > Critical F REJECT Ho: All equal
AA# BDL-6, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y) )
DUNNETT'S TEST - TABLE 1 OF 2 Ho:Control<Treatment
TRANSFORMED MEAN CALCULATED IN
GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
1 CONTROL 0.882 0.595
2 6.25 % EFFLUENT 0.794 0.508 2.125
3 12.5 % EFFLUENT 0.867 0.580 0.365
4 25 % EFFLUENT 0.941 0.652 -1.427
5 50 % EFFLUENT 0.967 0.677 -2.078
6 100 % EFFLUENT 1.080 0.774 -4.792
Dunnett table value = 2.36 (1 Tailed Value, p=0.05, df=24,5)

AA# BDL-6, FATHEAD MINNOW GROWTH, CHRONIC, 9-10-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y)

DUNNETT'S TEST - TABLE 2 OF 2 Ho:Control<Treatment



35ROUP

AUt W

IDENTEFICATION
CONTROL
6€.25 % EFFLUENT
12.5 % EFFLUENT
25 % EFFLUENT
50 % EFFLUENT
100 % EFFLUENT

NUM OF
REPS

oo,

Minimum Sig Diff
(IN ORIG. UNITS)

[cNeoNoNoiel

.097
.097
.097
.097
.097

% of

CONTROL

16.
16.
16.
16.
16.

wwwww

DIFFERENCE
FROM CONTROL

0.087
0.015
-0.057
-0.081
-0.178



SURVIVAL AND REPRODUCTION TEST
Analyst: KP
Test Start - Date/ Time: 9/10/09/ 1500
Test Stop - Date/Time: 9/17/09. 0745

Day

O~NOOSLWON =

Total

Day

ONOADWN =

Total
X= DEAD; Y="MALE



AA # BDL-6, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION

Shapiro - Wilk's test for normality

xxxx**x%x%x Shapiro - Wilk's Test is aborted ******k*

This test can not be performed because total number of replicates
is greater than 50.

Total number of replicates = 60

AA # BDL-6, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION

Bartlett's test for homogeneity of variance

Calculated Bl statistic = 11.96
Table Chi-square value = 15.09 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.



“ FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
6.25 10 0 10
____________________ T?T?E____________39____________________________39_______
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.

Since b is greater than 6 there is no significant difference
between CONTROL and TREATMENT at the 0.05 level.

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
12.5 10 0 10
____________________ T??ﬁ?____________§9____________________________39_______
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 10.

gince b is greater than 6 there is no significant difference
between CONTROL- and TREATMENT at the 0.05 level.

IDENTIFICATION ALIVE DEAD TOTAL ANIMALS

CONTROL 10 0 10

25 10 0 10



CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) I8 6. b VALUE IS 10.
Since b is greater than 6 there is no significant difference
petween CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
50 9 1 10
______ TOT%L B 1? B 1 L 20—
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 97

Since b is greater than 6 there is no significant difference
pbetween CONTROL and TREATMENT at the 0.05 level.

FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION ALIVE DEAD TOTAL ANIMALS
CONTROL 10 0 10
100 6 4 10
___________________ TOTAL“‘*Z"
CRITICAL FISHER'S VALUE (10,10,10) (p=0.05) IS 6. b VALUE IS 6.

Since b is less than or equal to 6 there is a significant difference
between CONTROL and TREATMENT at the 0.05 level.

SUMMARY OF FISHER'S EXACT TESTS

NUMBER NUMBER SIG



5ROUP

s W

TITLE:
FILE:

TRANSFO

GRP

1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4

IDENTIFICATION

CONTROL
6.25
12.5

25
50
100

AA # BDL-6, CERIODAPHNIA DUBIA CHRONIC, REPRO

EXPOSED

10
10
10
10
10
10

H:\TOXSTAT\MONTE\CKSMPLEC.

RM: NO TRANSFORMATION

IDENTIFICATION REP

O\G\G’\G\O‘\O\O\O\C\G\

Ntoh)NtohJNEQP‘H!JFJHDJFJHPJH
m(ﬂLnu1mtnu1mtomamrouan>wcomjw
o<3c>o<3c>o<3u1mtnu1mtnu1mtnm

.25
.25
.25
.25
.25
.25
.25
.25
.25
.25

o° o° o° o o oQ o oP o o

oe oP oP o° opP o° oP o o° o° oP° o oe o°

0P o oP o°

CONTROL 1
CONTROL 2
CONTROL 3
CONTROL 4
CONTROL 5
CONTROL 6
CONTROL 7
CONTROL 8

CONTROL 9
CONTROL 10
EFFLUENT 1
EFFLUENT 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8
EFFLUENT 9
EFFLUENT 10
EFFLUENT 1
EFFLUENT 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8
EFFLUENT 9
EFFLUENT 10
EFFLUENT 1
EFFLUENT 2
EFFLUENT 3
EFFLUENT 4
EFFLUENT 5
EFFLUENT 6
EFFLUENT 7
EFFLUENT 8

VALUE

15.
21.
24.

12

7.
12.
17.
14.
18.
14.
15.
17.
17.

13

13.
16.
12.

9

24.
16.
17.
20.

12
14

15.
16.

13

16.
16.
15.

15

21.
14.

14

17.

13

18.

20

0000
0000
0000
.0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
.0000
0000
0000
0000
.0000
0000
0000
0000
0000
.0000
.0000
0000
0000
.0000
0000
0000
0000
.0000
0000
0000
.0000
0000
.0000
0000
.0000

DEAD

hHROOOO

TRANS VALUE

15.
21.
24.
.0000

7.
12.
17.
14.
18.
14.
15.
17.
17.

12

13
13

12

17
13

0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000

.0000
.0000
16.
12.

9.
24.
16.
17.
20.

0000
0000
0000
0000
0000
0000
0000

.0000
14.
15.
16.
13.
16.
16.
15.
15.
21.
14.
14.
.0000
.0000
18.
20.

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000

DUCTION

(P=.05)

NUMBER OF GROUPS: 6



4
4
5
5
5
5
5
5
5
5
5
5
6
6
6
6
6
6
6
6
6
6

AA # BDL-6,
File: H:\TOXSTAT

25.
25.
50.
50.
50.
50.
50.
50.
50.
50.
50.
50.

OOOOOOOOOOOO

100
100
100
100
100
100
100
100
100

SOURCE

Between

o0 P A o oP o oP o o\

oC o° oP o o° oP o° oP oP° o o0 oP° o

EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT

CERIODAPHNIA DUBIA CHRONIC,
\MONTE\CKSMPLEC.

Wwithin (Exrror)

Total

Critical F value
since

F > Critica

1

9
0
1
2
3
4
5
1

6
7
8
9
0
1
2
3
4
5
6

7
8
S
10

DF

59

= 2.45

MONTE\CKSMPLEC.

DUNNETT'S TEST -

GROUP

oy Ul W

IDENTIFICATION
CONTROL
6.25 % EFFLUENT
12.5 % EFFLUENT
25.0 % EFFLUENT
50.0 % EFFLUENT
100 % EFFLUENT

13.0000 13
11.0000 11
8.0000 8
5.0000 5
13.0000 13
19.0000 19
1.0000 1
15.0000 15
5.0000 5
5.0000 5
0.0000 0
18.0000 18
3.0000 3
4.0000 4
12.0000 12
14.0000 14
1.0000 1
7.0000 7
14.0000 14
10.0000 10
1.0000 1
3.0000 3
REPRODUCTION

ANOVA TABLE

7

Transform: NO T

ss

70.800

1168.600

1939.400

AA # BDL-6, CERIODAPHNIA DUBIA CHRONI

File: H:\TOXSTAT\

(0.05,5,40)
1 F REJECT Ho: All equal

TABLE 1 OF 2

TRANSFORMED

MEAN

15.
15.
15.
15.
8.
6.

400
200
400
600
900
900

154

21

C, REPRODUCTION

Transform: NO TRANSFORMATION

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

MS

.160

.641

RANSFORMATION

7.124

Ho:Control<Treatment

15.
15.
15.
15.
8.
6.

MEAN CALCULATED IN
ORIGINAL UNITS

400
200
400
600
900
900

T STAT

.096
.000
.096
.124
.086

SIG



yannett table value = 2.31 (1 Tailed Value, P=0.05, df=40,5)

-

\A # BDL-6, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION

7ile: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION
DUNNETT'S TEST - TABLE 2 OF 2 Ho:Control<Treatment
NUM OF Minimum gig Diff % of DIFFERENCE
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
1 CONTROL 10
2 6.25 % EFFLUENT 10 4.806 31.2 0.200
3 12.5 % EFFLUENT 10 4.806 31.2 0.000
4 25.0 % EFFLUENT 10 4.806 31.2 -0.200
5 50.0 % EFFLUENT 10 4.806 31.2 6.500
6 100 % EFFLUENT 10 4,806 31.2 8.500
AA # BDL-6, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:\TOXSTAT\MONTE\CKSMPLEC. Transform: NO TRANSFORMATION
STEEL'S MANY -ONE RANK TEST - Ho:Control<Treatment
TRANSFORMED RANK CRIT.
GROUP IDENTIFICATION MEAN SUM VALUE daf SIG
1 CONTROL 15.400
2 6.25 $ EFFLUENT 15.200 104.00 75.00 10.00
3 12.5 % EFFLUENT 15.400 107.50 75.00 10.00
4 25.0 % EFFLUENT 15.600 106.00 75.00 10.00
5 50.0 % EFFLUENT 8.900 80.00 75.00 10.00
6 100 % EFFLUENT 6.900 66.50 75.00 10.00

Critical values use k = 5, are 1 tailed, and alpha = 0.05



CHEMICAL DATA SHEET FOR CHRONIC TOXICITY TESTING Fathead Minnow
Lab #/ Sample ID BDL-6 Synthetic 9/10/2009
Client: Lion Qil 9/17/2009
Day of Test
1 2 3 4 5 6 7 notes/remarks
Control 0% 10-Sep 11-Sep 12-Sep 13-Sep 14-Sep 15-Sep 16-Sep
D.O. (ma/L) INITIAL 8.4 8.5 8.5 8.6 8.7 8.4 8.5
FINAL 8.4 8.2 8.1 8.1 8 7.8 7.7
pH (s.u.)  INITIAL 7.9 7.8 7.3 7.9 7.8 8 7.9
FINAL 7.9 7.8 7.4 7.8 8 8 7.8
temp (C)  INITIAL 22.8 22.8 22.7 22.1 21.5 21.9 221
FINAL 25 25 25 25 25 25 25
ALKALINITY (ma/L) 42 42 42 42 42 42 42
HARDNESS (mg/L) 78 78 78 78 78 78 78
CONDUCTIV TY (umhos/cm) 293 293 293 293 293 293 293
CHLORINE (mg/L) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
CONC: 6.25%
D.O. (ma/L) INITIAL 8.4 8.4 8.4 8.5 8.8 8.3 8.5
FINAL 8 8 8.1 7.5 7.2 7.5 8
pH (s.u) INITIAL 7.8 7.8 7.8 8 8 7.9 7.9
FINAL 7.7 7.7 7.8 7.7 7.8 8 7.8
temp (C)  INITIAL 22.6 22.8 229 225 21 21.6 21.9
FINAL 25 25 25 25 25 25 25
CONC: 12.50%
D.O. (ma/L) INITIAL 8.4 8.5 8.4 8.5 8.7 8.3 8.6
FINAL 8.1 8 8.1 7.8 7.3 7.4 8.2
pH (mg/L) INITIAL 7.8 7.8 7.8 8.1 8 7.9 7.9
FINAL 7.8 7.7 7.8 7.9 7.8 7.9 7.8
temp (C) INITIAL 22.7 22.7 22.9 223 21.4 21.7 21.9
FINAL 25 25 25 25 25 25 25
CONC: 25%
D.O. (ma/L) INITIAL 8.5 8.4 8.4 8.6 8.6 8.3 8.5
FINAL 8.2 8 8.1 7.8 7.3 7.4 8.1
pH (s.u)  INITIAL 7.8 7.7 7.8 8.4 8 7.9 7.9
FINAL 7.7 7.7 7.8 7.9 7.9 7.9 7.8
temp (C)  INITIAL 22.9 22.6 229 22.3 21.4 21.7 22
FINAL 25 25 25 25 25 25 25
CONC: 50%
D.O. (ma/L) INITIAL 8.5 8.4 8.4 8.5 8.5 8.2 8.6
FINAL 8.2 8.1 8.2 7.8 7.3 7.3 8.1
pH (s.u.) INITIAL 7.9 7.7 7.8 8.8 8 7.8 7.9
FINAL 7.9 7.7 7.7 7.9 7.9 7.9 7.8
temp (C)  INITIAL 23.2 22.8 22.9 22.3 21.5 21.9 21.9
FINAL 25 25 25 25 25 25 25
CONC: 100%
D.O. (ma/L) INITIAL 8.5 7.7 8.4 8.5 8.3 8 8.5
FINAL 8.3 8.1 8.2 7.7 7.3 7.3 8
pH (s.u)  INITIAL 8 7.7 7.8 9.2 7.9 7.8 7.9
FINAL 7.9 7.8 7.7 8 7.9 7.9 7.9
temp (C)  INITIAL 23.6 226 22.9 22.3 21.7 22.4 21.9
FINAL 25 25 25 25 25 25 25
CONC: 100%
ALKALINITY (mg/L) 104 104 104 104 104 104 104
HARDNESS (mg/L) 32 32 32 32 32 32 32
CONDUCTIVITY (umhos/cm 15602 1502 1502 1502 1502 1502 1502
CHLORINE (mg/L) <0.05 <0.05 <005 <0.05 <0.05 <0.05 <0.05



CHEMICAL DATA SHEET FOR CHRONIC TOXICITY TESTING

Fathead Minnow

Lab #/ Sample ID BDL-6 S /nthetic 9/10/2009
Client: ion Oil 9/17/2009
Day of Test
- 1 2 3 4 5 6 7
Control 0% 10-Sep 11-Sep 12-Sep 13-Sep 14-Sep 15-Sep 16-Sep
D.O. (ma/L) INITIAL 8.4 8.5 8.5 8.6 8.7 8.4 8.5
FINAL 8.4 8.2 8.1 8.1 8 7.8 7.7
pH (s.u)  INITIAL 7.9 7.8 7.3 7.9 7.8 8 7.9
FINAL 7.9 7.8 7.4 7.8 8 8 7.8
temp (C)  INITIAL 22.8 22.8 22.7 221 21.5 21.9 221
FINAL 25 25 25 25 25 25 25
ALKALINITY (mg/L) 42 42 42 42 42 42 42
HARDNESS (mg/L) 78 78 78 78 78 78 78
CONDUCTIVITY (umhos/cm) 293 293 293 293 293 293 293
CHLORINE (mg/L) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
CONC: 6.25%
D.O. (mg/L) INITIAL 8.4 8.4 8.4 8.5 8.8 8.3 8.5
FINAL 8 8 8.1 7.5 7.2 7.5 8
pH (s.u) INITIAL 7.8 7.8 7.8 8 8 7.9 7.9
FINAL 7.7 7.7 7.8 7.7 7.8 8 7.8
temp (C)  INITIAL 226 22.8 22.9 22.5 21 21.6 21.9
FINAL 25 25 25 25 25 25 25
CONC: 12.50%
D.O. (ma/L) INITIAL 8.4 8.5 8.4 8.5 8.7 8.3 8.6
FINAL 8.1 8 8.1 7.8 7.3 7.4 8.2
pH (mg/L) INITIAL 7.8 7.8 7.8 8.1 8 7.9 79
FINAL 7.8 7.7 7.8 7.9 7.8 7.9 7.8
temp (C)  INITIAL 227 22.7 22.9 22.3 21.4 21.7 21.9
FINAL 25 25 25 25 25 25 25
CONC: 25%
D.O. (mga/L) INITIAL 8.5 8.4 8.4 8.6 8.6 8.3 8.5
FINAL 8.2 8 8.1 7.8 7.3 7.4 8.1
pH (s.u.) INITIAL 7.8 7.7 7.8 8.4 8 7.9 7.9
FINAL 7.7 7.7 7.8 7.9 7.9 7.9 7.8
temp (C)  INITIAL 22.9 22.6 22.9 22.3 21.4 21.7 22
FINAL 25 25 25 25 25 25 25
CONC: 50%
D.O. (mga/L) INITIAL 8.5 8.4 8.4 8.5 8.5 8.2 8.6
FINAL 8.2 8.1 8.2 7.8 7.3 7.3 8.1
pH (s.u.)  INITIAL 7.9 7.7 7.8 8.8 8 7.8 7.9
FINAL 7.9 7.7 7.7 7.9 7.9 7.9 7.8
temp (C) INITIAL 23.2 22.8 22.9 22.3 21.5 21.9 21.9
FINAL 25 25 25 25 25 25 25
CONC: 100%
D.O. (ma/L) INITIAL 8.5 7.7 8.4 8.5 8.3 8 8.5
FINAL 8.3 8.1 8.2 7.7 7.3 7.3 8
pH (s.u)  INITIAL 8 7.7 7.8 9.2 7.9 7.8 7.9
FINAL 7.9 7.8 7.7 8 7.9 7.9 7.9
temp (C)  INITIAL 23.6 22.6 229 22.3 21.7 224 21.9
FINAL 25 25 25 25 25 25 25
CONC: 100%
ALKALINITY (mg/L) 104 104 104 104 104 104 104
HARDNESS (ma/l) 32 32 32 32 32 32 32
CONDUCT VITY (umhos/cm 1502 1502 1502 1502 1502 1502 1502
CHLORINE (ma/L) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

notes/remarks
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SURVIVAL AND REPRODUCTION TEST
Lab Number/s Analyst:. KP
Test Start - Date/ Time: 9/17/2009
Test Stop - Date/Time: 9/24/09, 0820
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AA # BDL-LA, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:/toxstet/monte\CKSMPLEC. Transform: NO TRANSFORMATION

Shapiro - Wilk's test for normality

xx%x%**x* Shapiro - Wilk's Test is aborted **x*xkx%

This test can not be performed because total number of replicates
is greater than 50.

Total number of replicates = 60

AA # BDL-LA, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:/toxstat/monte\CKSMPLEC. Transform: NO TRANSFORMATION

Bartlett's test for homogeneity of variance

Calculated Bl statistic = 7.64
Table Chi-square value = . 15.09 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5)

Data PASS Bl homogeneity test at 0.01 level. Continue analysis.



“ FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION DEAD ALIVE TOTAL ANIMALS
CONTROL 2 8 10
6.25 0 10 10
TOTAL 2 18 20
CRITICAL FISHER'S VALUE (10,10,2) (p=0.05) IS LESS THAN O. b VALUE IS 0.
NO SIGNIFICANT DIFFERENCE
FISHER'S EXACT TEST
NUMBER OF
IDENTIFICATION DEAD ALIVE TOTAL ANIMALS
CONTROL 2 8 10
12.5 1 9 10
TOTAL 3 17 20
CRITICAL FISHER'S VALUE (10,10,2) (p=0.05) IS LESS THAN O. b VALUE IS 1.
NO SIGNIFICANT DIFFERENCE
FISHER'S EXACT TEST
NUMBER OF
IDENTIFICATION DEAD ALIVE TOTAL ANIMALS
CONTROL 2 8 10
25 0 10 10

TOTAL 18 20



CRITICAL FISHER'S VALUE (10,10,2) (p=0.05) IS LESS THAN 0. b VALUE IS O.
NO SIGNIFICANT DIFFERENCE

FISHER'S EXACT TEST

NUMBER OF
IDENTIFICATION DEAD ALIVE TOTAL ANIMALS
CONTROL 2 8 10
50 0 10 10
TOTAL 2 18 20
CRITICAL FISHER'S VALUE (10,10,2) (p=0.05) IS LESS THAN O. b VALUE IS O.
NO SIGNIFICANT DIFFERENCE
FISHER'S EXACT TEST
NUMBER OF
IDENTIFICATION DEAD ALIVE TOTAL ANIMALS
CONTROL 2 8 10
100 0 10 10
TOTAL 2 18 20 -
CRITICAL FISHER'S VALUE (10,10,2) (p=0.05) IS LESS THAN O. b VALUE IS O.
NO SIGNIFICANT DIFFERENCE
SUMMARY OF FISHER'S EXACT TESTS
NUMBER NUMBER SIG
GROUP IDENTIFICATION EXPOSED DEAD (P=.05)
CONTROL 10 2
6.25 10 0

12.5 10 1



3 25 10 0
4 50 10 0
5 100 10 0
TITLE: AA # BDL-LA, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
FILE: H: /toxstat/monte\CKSMPLEC .
TRANSFORM: NO TRANSFORMATION NUMBER OF GROUPS: 6
GRP IDENTIFICATION REP VALUE TRANS VALUE
1 CONTROL 1 12.0000 12.0000
1 CONTROL 2 16.0000 16.0000
1 CONTROL 3 8.0000 8.0000
1 CONTROL 4 15.0000 15.0000
1 CONTROL 5 16.0000 16.0000
1 CONTROL 6 18.0000 18.0000
1 CONTROL 7 13.0000 13.0000
1 CONTROL 8 4.0000 4.0000
1 CONTROL 9 16.0000 16.0000
1 CONTROL 10 18.0000 18.0000
2 6.25 % EFFLUENT 1 12.0000 12.0000
2 6.25 % EFFLUENT 2 6.0000 6.0000
2 6.25 % EFFLUENT 3 2.0000 2.0000
2 6.25 % EFFLUENT 4 13.0000 13.0000
2 6.25 % EFFLUENT 5 7.0000 7.0000
2 6.25 % EFFLUENT 6 13.0000 13.0000
2 6.25 % EFFLUENT 7 13.0000 13.0000
2 6.25 % EFFLUENT 8 14.0000 14.0000
2 6.25 % EFFLUENT 9 13.0000 13.0000
2 6.25 % EFFLUENT 10 16.0000 16.0000
3 12.5 % EFFLUENT 1 11.0000 11.0000
3 12.5 % EFFLUENT 2 18.0000 18.0000
3 12.5 % EFFLUENT 3 22.0000 22.0000
3 12.5 % EFFLUENT 4 5.0000 5.0000
3 12.5 % EFFLUENT 5 14.0000 14.0000
3 12.5 % EFFLUENT 6 10.0000 10.0000
3 12.5 % EFFLUENT 7 10.0000 10.0000
3 12.5 % EFFLUENT 8 4.0000 4.0000
3 12.5 % EFFLUENT 9 11.0000 11.0000
3 12.5 % EFFLUENT 10 10.0000 10.0000
4 25.0 % EFFLUENT 1 16.0000 16.0000
4 25.0 % EFFLUENT 2 19.0000 19.0000
4 25.0 % EFFLUENT 3 13.0000 13.0000
4 25.0 % EFFLUENT 4 11.0000 11.0000
4 25.0 % EFFLUENT 5 9.0000 9.0000
4 25.0 % EFFLUENT 6 17.0000 17.0000
4 25.0 % EFFLUENT 7 12.0000 12.000C
4 25.0 % EFFLUENT 8 13.0000 13.0000
4 25.0 % EFFLUENT 9 17.0000 17.0000
4 25.0 % EFFLUENT 10 14.0000 14.0000
5 50.0 $ EFFLUENT 1 15.0000 15.0000
5 50.0 % EFFLUENT 2 10.0000 10.0000
5 50.0 % EFFLUENT 3 8.0000 8.0000



5 50.0 % EFFLUENT 4 17.0000 17.0000
5 50.0 % EFFLUENT 5 21.0000 21.0000
5 50.0 % EFFBUENT 6 3.0000 3.0000
5 50.0 % EFFLUENT 7 14.0000 14.0000
5 50.0 % EFFLUENT 8 16.0000 16.0000
5 50.0 % EFFLUENT 9 12.0000 12.0000
5 50.0 % EFFLUENT 10 25.0000 25.0000
6 100 % EFFLUENT 1 20.0000 20.000C
6 100 % EFFLUENT 2 15.0000 15.0000
6 100 % EFFLUENT 3 0.0000 0.0000
6 100 % EFFLUENT 4 12.0000 12.0000
6 100 % EFFLUENT 5 14.0000 14.0000
6 100 % EFFLUENT 6 5.0000 5.0000
6 100 % EFFLUENT 7 21.0000 21.0000
6 100 % EFFLUENT 8 15.0000 15.0000
6 100 % EFFLUENT 9 4.0000 4.0000
6 100 % EFFLUENT 10 21.0000 21.0000

AA # BDL-LA, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION
File: H:/toxstat/monte\CKSMPLEC. Transform: NO TRANSFORMATION

ANOVA TABLE

SOURCE DF SS MS
Between 93.283 18.657 0.642
Within (Error) 54 1569.700 29.069
Total 59 1662.983
Critical F value = 2.45 (0.05,5,40)

Since F < Critical F FAIL TO REJECT Ho: All equal

AA # BDL-LA, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION

File: H:/toxstat/monte\CKSMPLEC. Transform: NO TRANSFORMATION
DUNNETT'S TEST TABLE 1 OF 2 Ho:Control<Treatment
TRANSFORMED MEAN CALCULATED IN

GROUP IDENTIFICATION MEAN ORIGINAL UNITS T STAT SIG
1 CONTROL 13.600 13.600
2 6.25 % EFFLUENT 10.900 10.900 1.120
3 12.5 % EFFLUENT 11.500 11.500 0.871
4 25.0 % EFFLUENT 14.100 14.100 -0.207
5 50.0 % EFFLUENT 14.100 14.100 -0.207
6 100 % EFFLUENT 12.700 12.700 0.373

Dunnett table value = 2.31 (1 Tailed Value, P=0.05, df=40,5)

AA # BDL-LA, CERIODAPHNIA DUBIA CHRONIC, REPRODUCTION



*ile: H: /toxstat/monte\CKSMPLEC.

Transform: NO TRANSFORMATION

DUNNETT'S TEST - TABLE 2 OF 2 Ho:Control<Treatment
NUM OF Minimum Sig Diff % of DIFFERENCE
GROUP IDENTIFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL

1 CONTROL 10

2 6.25 % EFFLUENT 10 5.570 41.0 2.700

3 12.5 % EFFLUENT 10 5.570 41.0 2.100

4 25.0 % EFFLUENT 10 5.570 41.0 -0.500

5 50.0 % EFFLUENT 10 5.570 41.0 -0.500

6 100 % EFFLUENT 10 5.570 41.0 0.900

AA # BDL-LA, CERIODAPHNIA DUBIA
File: H:/toxstat/monte\CKSMPLEC.

CHRONIC, REPRODUCTION

STEEL'S MANY-ONE RANK TEST

GROUP IDENTIFICATION

6.25
12.5
25.0
50.0

100

o W
00 o° o° o o

Critical values

CONTROL
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT
EFFLUENT

use k = 5,

Transform: NO TRANSFORMATION

- Ho:Control<Treatment

TRANSFORMED RANK CRIT.
MEAN SUM VALUE daf SIG
13.600
10.900 84.00 75.00 10.00
11.500 89.50 75.00 10.00
14.100 105.00 75.00 10.00
14.100 104.00 75.00 10.00
12.700 102.00 75.00 10.00

are 1 tailed, and alpha = 0.05



Pimephales promelas FATHEAD MINNOW TEST 1000.0
« WEIGHT DATA FOR LARVAL SURVIVAL AND

LAB #/ #s: NA TEST DATES (BEGIN / END): 9/17/24/09
CLIENT: Lion Oil WEIGHING DATE / TIME: 9/25/09, 1015
ANALYSTS: KP DRYING TEMP (DEGREES C): 60
SAMPLE ID: BDL-LA DRYING TIME (HOURS): 24
FINAL DRY
DRY INTIAL TOTAL DRY WEIGHT
WEIGHT WEIGHT = WEIGHT OF | ueer  OF
TIN+LARVAE TIN LARVAE oF LARVAE
REP# (@) (@) (9) LARVAE  (mg)
CONTROL A 1.02808 1.02334 0.00474 10 0.474 AVG DRY
B 1.02190 1.01690 0.00500 10 0.500 WEIGHT (mg)
c 1.02164 1.01728 0.00436 10 0.436 0.499
D 1.02846 1.02312 0.00534 10 0.534 CV
0E 1.02100 1.01550 0.00550 10 0.550 9.2
CONC: A 0.96963 0.96485 0.00478 10 0.478 AVG DRY
B 1.01263 1.00819 0.00444 10 0.444 WEIGHT (mg)
C 0.99847 0.99368 0.00479 10 0.479 0.461
D 1.03665 1.03267 0.00398 10 0.398 CV
6.25% E 1.00231 0.99726 0.00505 10 0.505 9.0
CONC: A 1.01219 1.00885 0.00334 10 0.334 AVG DRY
B 1.02019 1.01520 0.00499 10 0.499 WEIGHT (mg)
C 1.01530 1.01079 0.00451 10 0.451 0.428
D 1.00247 0.99812 0.00435 10 0.435 CV
12. E 0.95900 0.95477 0.00423 10 0.423 14.0
CONC: A 0.97135 0.96641 0.00494 10 0.494 AVG DRY
B 0.98611 0.98166 0.00445 10 0.445 WEIGHT (mg)
C 0.98290 0.97944 0.00346 10 0.346 0.453
D 1.00002 0.99492 0.00510 10 0.510 CV
25% E 0.99504 0.99036 0.00468 10 0.468 14.3
CONC: A 0.99058 0.98651 0.00407 10 0.407 AVG DRY
B 0.95794 0.95395 0.00399 10 0.399 WEIGHT (mg)
Cc 0.97430 0.96993 0.00437 10 0.437 0.413
D 0.99360 0.98990 0.00370 10 0.370 CV
50% E 0.97159 0.96709 0.00450 10 0.450 7.7
CONC: A 0.96587 0.96152 0.00435 10 0.435 AVG DRY
B 0.98525 0.98075 0.00450 10 0.450 WEIGHT (mg)
C 0.97949 0.97525 0.00424 10 0.424 0.435
D 1.00865 1.00404 0.00461 10 0.461 CV
100% E 1.03317 1.02913 0.00404 10 0.404 5.1

CV = (STANDARD DEVIATION/MEAN)*100
REMARKS:



AA# BDL-LA, FATHEAD MINNOW GROWTH, CHRONIC, 9-17-09

File: H:\TOXSTAT\MONTE\CKSMPLGR.

Shapiro - Wilk's test for normality

D = 0.054

W = 0.947

Critical W (P = 0.05) (n
Critical W (P = 0.01) (n -

Data PASS normality test

= 30) 0.927
30) 0.900

Transform: ARC SINE (SQUARE ROOT

at P=0.01 level. Continue analysis.

AA# BDL-LA, FATHEAD MINNOW GROWTH, CHRONIC, 9-17-09

File: H:\TOXSTAT\MONTE\CKSMPLGR.

Bartlett's test for homog

Ccalculated Bl statistic = 5.14
Table Chi-square value = _ 15.093 (alpha = 0.01, df = 5)
Table Chi-square value = 11.07 (alpha = 0.05, df = 5)
Data PASS Bl homogeneity test at 0.01 level. Continue analysis.
TITLE: AA# BDL-LA, FATHEAD MINNOW GROWTH, CHRONIC, 9-17-09
FILE: H:\TOXSTAT\MONTE\CKSMPLGR.
TRANSFORM: ARC SINE (SQUARE ROOT (Y)) NUMBER OF GROUPS:
GRP IDENTIFICATION REP VALUE TRANS VALUE

1 CONTROL 1 0.4740 0.7594

1 CONTROL 2 0.5000 0.7854

1 CONTROL 3 0.4360 0.7212

1 CONTROL 4 0.5340 0.8194

1 CONTROL 5 0.5500 0.8355

2 6.25 % EFFLUENT 1 0.4780 0.7634

2 6.25 % EFFLUENT 2 0.4440 0.7293

2 6.25 % EFFLUENT 3 0.4790 0.7644

2 6.25 % EFFLUENT 4 0.3980 0.6827

2 6.25 % EFFLUENT 5 0.5050 0.7904

3 12.5 % EFFLUENT 1 0.3340 0.6162

3 12.5 % EFFLUENT 2 0.4990 0.7844

3 12.5 % EFFLUENT 3 0.4510 0.7363

3 12.5 % EFFLUENT 4 0.4350 0.7202

3 12.5 % EFFLUENT 5 0.4230 0.7081

4 25 % EFFLUENT 1 0.4940 0.7794

Transform: ARC

eneity of variance

(Y))

SINE (SQUARE ROOT (Y))



4 25 % EFFLUENT 2 0.4450 0.7303
4 25 % EFFLUENT 3 0.3460 0.6289
4 25 % EFFLUENT 4 0.5100 0.7954
4 25 % EFFLUENT 5 0.4680 0.7534
5 50 % EFFLUENT 1 0.4070 0.6919
5 50 % EFFLUENT 2 0.3990 0.6837
5 50 % EFFLUENT 3 0.4370 0.7222
5 50 % EFFLUENT 4 0.3700 0.6539
5 50 % EFFLUENT 5 0.4500 0.7353
6 100 % EFFLUENT 1 0.4350 0.7202
6 100 % EFFLUENT 2 0.4500 0.7353
6 100 % EFFLUENT 3 0.4240 0.7091
6 100 % EFFLUENT 4 0.4610 0.7464
6 100 % EFFLUENT 5 0.4040 0.6888
AA# BDL-LA, FATHEAD MINNOW GROWTH, CHRONIC, 9-17-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y))
ANOVA TABLE
SOURCE DF SS MS
Between 0.023 0.005 2.070
Within (Error) 24 0.054 0.002
Total 29 0.077
Critical F value = 62 (0.05,5,24)
Since F < Critical F FAIL TO REJECT Ho: All equal
AAH# BDL-LA, FATHEAD MINNOW GROWTH, CHRONIC, 9-17-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y) )
DUNNETT'S TEST - TABLE 1 OF 2 Ho:Control<Treatment
TRANSFORMED MEAN CALCULATED IN
GROUP IDENTIFICATION MEAN . ORIGINAL UNITS T STAT SIG-
1 CONTROL 0.784 0.499
2 6.25 % EFFLUENT 0.746 0.461 1.274
3 12.5 % EFFLUENT 0.713 0.428 2.375
4 25 % EFFLUENT 0.737 0.453 1.560
5 50 % EFFLUENT 0.697 0.413 2.897
6 100 % EFFLUENT 0.720 0.435 2.144
Dunnett table value = 2.36 (1 Tailed Value, P=0.05, df=24,5)

AA# BDL-LA, FATHEAD MINNOW GROWTH, CHRONIC, 9-17-09
File: H:\TOXSTAT\MONTE\CKSMPLGR. Transform: ARC SINE (SQUARE ROOT (Y) )

DUNNETT'S TEST - TABLE 2 OF 2 Ho:Control<Treatment



NUM OF Minimum Sig Diff % of DIFFERENCE

GROUP IDENTYFICATION REPS (IN ORIG. UNITS) CONTROL FROM CONTROL
1 CONTROL 5
2 6.25 % EFFLUENT 5 0.070 14.1 0.038
3 12.5 % EFFLUENT 5 0.070 14.1 0.070
4 25 % EFFLUENT 5 0.070 14.1 0.046
5 50 % EFFLUENT 5 0.070 14.1 0.086
6 100 % EFFLUENT 5 0.070 14.1 0.064



SURVIVAL DATA FOR FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST

LAB #/ SAMPLE ID TEST START  DATE 9/17/099 TIME 1405
CLIENT  Lion Oil BBL-LA TEST END DATE  9/24/09 TIME 1216
AGE AND SOURCE OF MINNOWS
DAY ( UMBER SURVIVING) SURVIVAL
REP# start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
c 10 10 10 10 10 10 10 10 100
D 10 10 10 10 10 10 10 10 100
o E 10 10 10 10 10 10 10 10 100 100 0
REP# start 1 2 3 4 5 6 7 % MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
c 10 10 10 10 10 9 9 9 90
D 10 10 10 10 10 10 10 10 100
6.25% E 10 10 10 10 10 10 10 10 100 98
REP# start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 10 10 9 90
B 10 10 10 10 10 9 9 9 90
c 10 10 10 10 10 10 10 10 100
D 10 10 10 10 10 10 10 10 100
12.50% E 10 10 10 9 9 9 9 9 90 94
REP# start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 10 10 10 100
B 10 10 10 10 10 10 10 10 100
c 10 10 10 10 9 9 9 8 80
D 10 10 10 10 10 10 10 10 100
25% E 10 10 10 10 10 10 10 10 100 96
REP# start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 9 9 9 90
B 10 10 10 10 10 10 10 10 100
c 10 10 10 10 10 10 10 10 100
D 10 10 10 10 10 10 8 8 80
50% E 10 10 10 10 10 10 10 10 100 94
REP# start 1 2 3 4 5 6 7% MEAN % CV
CONC: A 10 10 10 10 10 10 10 100
B 10 10 10 10 10 9 9 9 90
c 10 10 10 10 10 10 10 10 100
D 10 10 10 10 10 10 10 10 100
100% E 10 10 10 10 10 10 10 10 100 98  4.56
ANALYST KP MG TC TC KP KP KP KP
DATE: 9/17/2009 9/1/2009 9/19/2009 9/20/2009 9/21/2009 9/22/2009 9/23/2009 9/24/2009
TIME: 1095 1535 1000 1418 1315 1315 1115 1210

CV = PERCENT COEFFICIENT OF VARIATION: STANDARD DEVIATION/MEAN * 100

July, 2007



AA# BDL-LA, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT (Y))

Shapiro - Wilk's test for normality

D

0.224

W

0.858

Critical W (P - 0.05) (n 30) = 0.927

Critical W (P = 0.01) (n 30) 0.900

Data FAIL normality test. Try another transformation.

Warning - The first three homogeneity tests are sensitive to non-normal
data and should not be performed.

AA# BDL-LA, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT (Y))

Hartley's test for homogeneity of variance
Bartlett's test for homogeneity of variance
These two tests can not be performed because at least one group has

zero variance.

Data FAIL to meet homogeneity of variance assumption.
additional transformations are useless.

TITLE: AA# BDL-LA, FATHEAD MINNOW SURVIVAL, CHRONIC

FILE: H:\TOXSTAT\MONTE\CKSMPLEF.

TRANSFORM: ARC SINE (SQUARE ROOT (Y) ) NUMBER OF GROUPS: 6

GRP IDENTIFICATION REP VALUE TRANS VALUE
1 CONTROL 1 1.0000 1.4120
1 CONTROL 2 1.0000 1.4120
1 CONTROL 3 1.0000 1.4120
1 CONTROL 4 1.0000 1.4120
1 CONTROL 5 1.0000 1.4120
2 6.25 % EFFLUENT 1 1.0000 1.4120
2 6.25 % EFFLUENT 2 1.0000 1.4120
2 6.25 % EFFLUENT 3 0.9000 1.2490
2 6.25 % EFFLUENT 4 1.0000 1.4120
2 6.25 % EFFLUENT 5 1.0000 1.4120



3 12.5 % EFFLUENT 1 0.9000 1.2490
3 12.5 % EFFLUENT 2 0.9000 1.2490
3 12.5 % EFELUENT 3 1.0000 1.4120
3 12.5 % EFFLUENT 4 1.0000 1.4120
3 12.5 % EFFLUENT 5 0.9000 1.2490
4 25.0 % EFFLUENT 1 1.0000 1.4120
4 25.0 % EFFLUENT 2 1.0000 1.4120
4 25.0 % EFFLUENT 3 0.8000 1.1071
4 25.0 % EFFLUENT 4 1.0000 1.4120
4 25.0 % EFFLUENT 5 1.0000 1.4120
5 50 % EFFLUENT 1 0.9000 1.2490
5 50 % EFFLUENT 2 1.0000 1.4120
5 50 % EFFLUENT 3 1.0000 1.4120
5 50 % EFFLUENT 4 0.8000 1.1071
5 50 % EFFLUENT 5 1.0000 1.4120
6 100 % EFFLUENT 1 1.0000 1.4120
6 100 % EFFLUENT 2 0.9000 1.2490
6 100 % EFFLUENT 3 1.0000 1.4120
6 100 % EFFLUENT 4 1.0000 1.4120
6 100 % EFFLUENT 5 1.0000 1.4120
AA# BDL-LA, FATHEAD MINNOW SURVIVAL, CHRONIC
File: H:\TOXSTAT\MONTE\CKSMPLEF. Transform: ARC SINE (SQUARE ROOT(Y))
STEEL'S MANY-ONE RANK TEST Ho:Control<Treatment
TRANSFORMED RANK CRIT.
GROUP IDENTIFICATION MEAN SUM VALUE df SIG
1 CONTROL 1.412
2 6.25 % EFFLUENT 1.379 25.00 16.00 5.00
3 12.5 % EFFLUENT 1.314 20.00 16.00 5.00
4 25.0 % EFFLUENT 1.351 25.00 16.00 5.00
5 50 % EFFLUENT 1.318 22.50 16.00 5.00
6 100 % EFFLUENT 1.379 25.00 16.060 5.00

Critical values use k = 5, are 1 tailed, and alpha = 0.05



CHEMICAL DATA SHEET FOR CHRONIC TOXICITY TESTING Ceriodaphnia Dubia

Lab#/ Sam le ID BDL - LA synthet ¢ 9/17/2009

Client: * Lion Oil 9/24/2009

Day of Test
1 2 3 4 5 6 7 notes/remarks

Control 0% 17-Sep 18-Sep 19-Sep 20-Sep 21-Sep 22-Sep 23-Sep

D.O. (ma/L) INITIAL 8.4 8.6 8.8 8.7 8.7 8.5 8.2
FINAL 7.8 7.9 8 8 7.7 7.6

pH (s.u.)  INITIAL 8.3 8.1 7.9 7.1 8.2 7.8 8.2
FINAL 7.9 7.8 8.4 8.2 8.1 7.4

temp (C)  INITIAL 22 21.8 222 21.7 22.5 223 22.4
FINAL 25 25 25 25 25 25

ALKALINITY (ma/L) 42 42 42 42 42 42 42

HARDNESS (ma/l) 78 78 78 78 78 78 78

CONDUCTIV TY. {umhos/cm) 293 293 293 293 293 293 293

CHLORINE (mg/L) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

CONC: 6.25%

D.O. (ma/L) INITIAL 8.7 8.5 8.7 8.6 8.7 8.2 8.6
FINAL 7.7 7.8 8 7.9 7.7 7.7

pH (s.u) INITIAL 8.4 7.9 8.2 8.2 8.7 8 8.52
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