




















































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
Summary of ADEQ Water Quality Data 
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APPENDIX B 
Figures 3.1 Through 3.6 
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APPENDIX C 
Dissolved Mineral TMDL Calculations for Flat Creek 



TABLE C.1.  TOTAL CURRENT LOADS OF DISSOLVED MINERALS FOR FLAT CREEK

Measured concentrations at Station OUA137C:
(upstream of confluence with ELCC Tributary)

Chlorides Sulfates TDS
(mg/L) (mg/L) (mg/L)

5/17/94 278 9.0    1137     
6/21/94 404 17.3    839     
7/26/94 159 20.8    395     
9/26/94 349 56.9    1730     
10/18/94 382 37.6    763     
12/6/94 1240  11.3    1900     
1/24/95 261 43.6    610     
3/21/95 287 48.3    628     
4/4/95 247 39.7    592     
9/5/95 936 46.2    1745     
1/8/96 850 30.5    1485     
2/6/96 347 51.6    710     
3/26/96 227 30.1    496     
4/30/96 758 9.3    1448     
5/28/96 298 73.5    690     
6/18/96     16.6 125       518     
7/16/96 1160  27.4    2000     
6/3/97 254 70.9    675     

Averages: 470 41.6 1020     

Calculation of flow and loads at mouth of Flat Creek (excluding ELCC Tributary inputs):

Avg annual runoff for USGS gage on Smackover Creek = 15.0 in/yr
Drainage area for Flat Cr. at mouth (exclud. ELCC Trib) = 14.56 mi2

Average annual streamflow for Flat Creek = 10.40 MGD
(Flow = Runoff, in/yr * Drainage area, mi2 * conversions)

Average annual loads for Flat Creek (excluding ELCC Tributary):
(Load = Flow, MGD * Conc, mg/L * 8.34) Chlorides = 40766 lbs/day (using OUA137C concs)

Sulfates = 3608 lbs/day (using OUA137C concs)
TDS = 88471 lbs/day (using OUA137C concs)

Note: The flows and loads for these TMDLs are calculated for Reach 08040201-706, which includes
Flat Creek but not the ELCC Tributary (which is Reach 08040201-606).   As mentioned in
Section 4.1, it is assumed that water quality standards will be maintained in Flat Creek 
downstream of the ELCC Tributary if the recently established TMDLs for the ELCC Tributary 
are successfully implemented and water quality standards are maintained in Flat Creek 
upstream of the ELCC Tributary.

FILE: R:\PROJECTS\2110-550\TMDL_FLAT_MINERALS.XLS



TABLE C.2.  TOTAL ALLOWABLE LOADS (TMDLs) OF DISSOLVED MINERALS FOR FLAT CREEK

Maximum naturally occurring levels: Chlorides = 14 mg/L (Reg 2, page 5-11)
Sulfates = 31 mg/L (Reg 2, page 5-11)
TDS = 123 mg/L (Reg 2, page 5-11)

For chlorides and sulfates, standards are 1/3 increase or 15 mg/L increase, whichever is less, over
maximum naturally occurring levels.  For TDS, standard is maximum naturally occurring level plus sum
of increases in chlorides and sulfates (over maximum naturally occurring levels).  (Reg 2, Section 2.511)

Water quality standards: Chlorides = 19 mg/L
Sulfates = 41 mg/L
TDS = 138 mg/L

Average annual streamflow for Flat Creek = 10.40 MGD (from Table C.1)

Average annual allowable loads (TMDLs) for Flat Creek (excluding ELCC Tributary):
(Load = Flow, MGD * Conc, mg/L * 8.34) Chlorides = 1648 lbs/day Note: Values in shaded

Sulfates = 3556 lbs/day cells used in Table 4.1
TDS = 11970 lbs/day

FILE: R:\PROJECTS\2110-550\TMDL_FLAT_MINERALS.XLS



TABLE C.3.  ALLOCATION OF LOADS AND PERCENT REDUCTIONS FOR FLAT CREEK

Average annual streamflow for Flat Creek = 10.40 MGD (from Table C.1)

Chlorides Sulfates TDS
(mg/L) (mg/L) (mg/L)

Concentrations for background sources: 5 13 67 (from CPP)
(based on reference stream data):

Chlorides Sulfates TDS
(lbs/day) (lbs/day) (lbs/day)

Avg annual loads for background sources: 434 1128 5811 Note: Values in shaded
(Load = Flow, MGD * Conc, mg/L * 8.34) cells used in Table 4.1

LA for man-induced nonpoint sources + MOS:

TMDL for Flat Creek 1648 3556 11970 (from Table C.2)
minus background load -434 -1128 -5811 (from immed. above)
minus WLA for point sources -0 -0 -0 (no point sources)

Totals: 1214 2428 6159
times 90% (to incorporate MOS) x 90% x 90% x 90%
equals LA for man-induced NPS 1093 2185 5543 Note: Values in shaded

cells used in Table 4.1

Margin of safety (MOS):

Totals from above (before multiplying by 90%) 1214 2428 6159
times 10% x 10% x 10% x 10%
equals margin of safety 121 243 616

Total CURRENT load for man-induced NPS:

Total current load for Flat Creek 40766 3608 88471 (from Table C.1)
minus background load -434 -1128 -5811 (from above)
minus current point source loading -0 -0 -0

equals total current load for man-induced NPS: 40332 2480 82660

Load allocation for man-induced NPS (i.e., allowable): 1093 2185 5543 (from above)

Percent reduction needed for man-induced NPS: 97% 12% 93%
% reduc. = 100% x (current load - LA) / current load

FILE: R:\PROJECTS\2110-550\TMDL_FLAT_MINERALS.XLS



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
Dissolved Mineral TMDL Calculations for Salt Creek 



TABLE D.1.  TOTAL CURRENT LOADS OF DISSOLVED MINERALS FOR SALT CREEK

Measured concentrations at Station OUA137D:

Chlorides TDS
(mg/L) (mg/L)

5/17/94 490 1819     Note:  Sulfate data are not
6/21/94 1300  2482     shown here because a
7/26/94 928 1730     TMDL for sulfates is not
9/26/94 746 3200     needed for Salt Creek.
10/18/94 938 1642     
12/6/94 1290  2060     
1/24/95 170 780     
3/21/95 594 1136     
4/4/95 876 1724     
9/5/95 2970  5231     
1/8/96 1020  1704     
2/6/96 1040  1681     
3/26/96 650 1114     
4/30/96 642 871     
5/28/96 1160  2242     
6/18/96 1340  2714     
7/16/96 1130  1961     
6/3/97 771 1562     

Averages: 1003  1981     

Calculation of flow and loads at mouth of Salt Creek:

Avg annual runoff for USGS gage on Smackover Creek = 15.0 in/yr
Drainage area for Salt Creek at mouth = 17.94 mi2

Average annual streamflow for Salt Creek at mouth = 12.81 MGD
(Flow = Runoff, in/yr * Drainage area, mi2 * conversions)

Average annual loads for Salt Creek at mouth:
(Load = Flow, MGD * Conc, mg/L * 8.34) Chlorides = 107156 lbs/day (using OUA137D concs)

TDS = 211641 lbs/day (using OUA137D concs)

FILE: R:\PROJECTS\2110-550\TMDL_SALT_MINERALS.XLS



TABLE D.2.  TOTAL ALLOWABLE LOADS (TMDLs) OF DISSOLVED MINERALS FOR SALT CREEK

Maximum naturally occurring levels: Chlorides = 14 mg/L (Reg 2, page 5-11)
Sulfates = 31 mg/L (Reg 2, page 5-11)
TDS = 123 mg/L (Reg 2, page 5-11)

For chlorides and sulfates, standards are 1/3 increase or 15 mg/L increase, whichever is less, over
maximum naturally occurring levels.  For TDS, standard is maximum naturally occurring level plus sum
of increases in chlorides and sulfates (over maximum naturally occurring levels).  (Reg 2, Section 2.511)

Water quality standards: Chlorides = 19 mg/L
Sulfates = 41 mg/L
TDS = 138 mg/L

Average annual streamflow for Salt Creek at mouth = 12.81 MGD (from Table D.1)

Average annual allowable loads (TMDLs) for Salt Creek at mouth:
(Load = Flow, MGD * Conc, mg/L * 8.34) Chlorides = 2030 lbs/day Note: Values in shaded

TDS = 14743 lbs/day cells used in Table 4.1

Note: No TMDL for sulfates is needed for Salt Creek.

FILE: R:\PROJECTS\2110-550\TMDL_SALT_MINERALS.XLS



TABLE D.3.  ALLOCATION OF LOADS AND PERCENT REDUCTIONS FOR SALT CREEK

Average annual streamflow for Salt Creek at mouth = 12.81 MGD (from Table D.1)

Chlorides TDS
(mg/L) (mg/L)

Concentrations for background sources: 5 67 (from CPP)
(based on reference stream data):

Chlorides TDS
(lbs/day) (lbs/day)

Avg annual loads for background sources: 534 7158 Note: Values in shaded
(Load = Flow, MGD * Conc, mg/L * 8.34) cells used in Table 4.1

LA for man-induced nonpoint sources + MOS:

TMDL for Salt Creek at mouth 2030 14743 (from Table D.2)
minus background load -534 -7158 (from immed. above)
minus WLA for point sources -0 -0 (no point sources)

Totals: 1496 7585
times 90% (to incorporate MOS) x 90% x 90%
equals LA for man-induced NPS 1346 6826 Note: Values in shaded

cells used in Table 4.1

Margin of safety (MOS):

Totals from above (before multiplying by 90%) 1496 7585
times 10% x 10% x 10%
equals margin of safety 150 759

Total CURRENT load for man-induced NPS:

Total current load for Flat Creek 107156 211641 (from Table D.1)
minus background load -534 -7158 (from above)
minus current point source loading -0 -0

equals total current load for man-induced NPS: 106622 204483

Load allocation for man-induced NPS (i.e., allowable): 1346 6826 (from above)

Percent reduction needed for man-induced NPS: 99% 97%
% reduc. = 100% x (current load - LA) / current load

FILE: R:\PROJECTS\2110-550\TMDL_SALT_MINERALS.XLS



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
Responses to Public Comments 
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COMMENTS AND RESPONSES
TMDLs FOR CHLORIDE, SULFATE, AND TDS

IN FLAT CREEK AND SALT CREEK, ARKANSAS
October 8, 2003

EPA appreciates all comments concerning these TMDLs.  Comments that were received are
shown below with EPA responses or notes inserted in a different font.

COMMENTS FROM GBMc & ASSOCIATES ON BEHALF OF EL DORADO CHEMICAL
COMPANY: 

We have reviewed the referenced TMDLs and the related documentation.  As you may be
aware, El Dorado Chemical Company (EDCC) discharges into an unnamed tributary of Flat
Creek.  This unnamed tributary was the subject of a previous TMDL and is "incorporated" into
this TMDL for Flat Creek by reference. As we commented on during the preparation of the TMDL
for the unnamed tributary of Flat Creek (reach 08040201-606), there were technical and
regulatory issues which needed to be resolved before that TMDL could be finalized in a
satisfactory manner. As such, the Flat Creek TMDL continues several of the same deficiencies.
EDCC has no discharges in direct relation to Salt Creek.  Our comments are as follows:

Ambient Water Quality Data Limitations

The ambient water quality data for both Flat and Salt Creeks, as used in the preparation of the
TMDLs, has significant deficiencies.    As is seen upon review, the data were collected between
January 1995 to December 1997.  Data that old is not normally used to assess current
conditions and we do not see how it can be considered to be representative.

Response: The allowable loadings of dissolved minerals for these
streams were calculated based on water quality standards,
not ambient water quality data.  The ambient data were used
to characterize current conditions and estimate percent
reductions needed to meet standards.  These TMDLs were
developed using the most recent set of ambient data that
were available for the whole watershed.  In 2000, ADEQ
collected a limited amount of water quality data at
stations OUA137C (Flat Creek) and OUA137D (Salt Creek). 
The 2000 data are summarized and compared to the 1995-97
data in the table below.  The 2000 data are similar to the
1995-97 data.  This is not surprising because there have
been no major land use changes or remediation activities on
a widespread scale in the watershed.  Therefore, EPA
considers the 1995-97 data to be appropriate for use in
these TMDLs.
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Table E.1. Comparison of dissolved mineral data for 1995-97 and 2000.

Flat Creek
(OUA137C)

Salt Creek
(OUA137D)

1995-97 2000 1995-97 2000

Chloride (mg/L)

  Number of samples 11 4 12 4

  Minimum 16.6 287 170 155

  Maximum 1,160 810 2,970 925

  Median 287 406 948 804

  Number above standards 10 4 12 4

  Percent above
standards

91% 100% 100% 100%

Sulfate (mg/L)

  Number of samples 11 5 12 5

  Minimum 9.3 7.6 0.5 1.3

  Maximum 125 151 11.6 4.7

  Median 43.6 12.7 6.7 2.0

  Number above standards 6 2 0 0

  Percent above
standards

55% 40% 0% 0%

TDS (mg/L)

  Number of samples 11 4 12 4

  Minimum 496 478 780 380

  Maximum 2,000 1,629 5,231 1,846

  Median 675 817 1,693 1,824

  Number above standards 11 4 12 4

  Percent above
standards

100% 100% 100% 100%
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In addition, although the dissolved mineral TMDLs are based upon the maintenance of water
quality criteria under average flow conditions, there is no information to correlate the ambient
monitoring data to waterbody flows.  Based on the data presented, it appears that no storm
event sampling was utilized in either study nor was the sampling data for Flat Creek correlated
with the intermittent discharges from EDCC.  It should be noted that EDCC's Outfall 001, which
discharges to Flat Creek, does not have a constant discharge and often is shut off for months
during the summer.  EDCC has NPDES permitted storm water outfalls which discharge solely
in response to rain events at which time elevated stream flows occur. These characteristics
were not considered in the TMDL report for Flat Creek.

Response: As discussed in Section 4.1.1 of the report, the
determination of critical conditions was based on analysis
of available data, which did not include continuous stream
flow data or daily effluent flow data from El Dorado
Chemical Company.  EPA agrees that it would be useful to
have flow data to correlate with water quality data, but
having flow data is not required for development of TMDLs. 
The available water quality data did not show any
significant patterns that suggested a strong correlation
with flows.

The TMDL study does not appropriately document current ambient waterbody conditions as
needed to correctly assess either point or nonpoint source loadings. This is due to the age of the
data and because the data was not collected under a long-term sampling program designed
specifically to characterize the variable water quality resulting from the intermittent nature of the
flow regime of the waterbodies. In addition the discharges from EDCC into the unnamed
tributary to Flat Creek were not correlated to instream Flat Creek data in any way.  We
recommend that no TMDL be finalized for either waterbody until such time as appropriate
ambient monitoring (including flow measurement) is conducted.

Response: Because there are no point source discharges to either of
these two reaches (08040201-706 and -806), there are no
point source loadings to assess for these TMDLs.  The ELCC
facility has no impact on Salt Creek, and the ambient water
quality data for Flat Creek were collected upstream of
where the ELCC tributary flows into Flat Creek.  The
available data were sufficient for assessing nonpoint
source loadings for these two reaches.

Regulatory Context for Dissolved Minerals

The TMDL allocations as developed for dissolved mineral (chloride, sulfate and TDS) are based
on erroneous regulatory interpretations of Regulation No.2, the State of Arkansas Water Quality
Standards (WQS).   This misinterpretation is based on the definition of critical flow as contained
in Section 2.106 of the WQS.  This section reads as follows:
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"Critical flows:  The flow volume used as background dilution flows in calculating
concentrations of pollutants from permitted discharges.  These flows may be adjusted
for mixing zones.  The following critical flows are applicable:

For a seasonal fishery – 1 cfs minus the design flow of any point source discharge (may
not be less than zero).

For human health criteria – harmonic mean flow or long term average flow.

For minerals criteria – harmonic mean flow or 4 cfs, except in those waters listed in
Section 2.510.  Those waters in Section 2.510 which are noted with an asterisk will have
a critical flow of 4 cfs.  (Also see minerals implementation procedure in CPP).

For all others – the critical flow will be Q7 – 10."

As is evident by this definition, under the WQS critical flows are specifically applicable to
permitted discharges and nonpoint sources are not mentioned.  Under this regulatory
framework, the allocation of dissolved minerals loadings from permitted discharges are primary
to those for nonpoint sources. 

In this context, the TMDL for Flat Creek (which includes point source loadings to the unnamed
tributary) should be amended to allocate dissolved minerals loadings at the appropriate critical
flows to the permitted point source discharges pursuant to the definition of the WQS.  The Flat
Creek TMDLs' current allocation processes, which treats unpermitted nonpoint sources as
equal to permitted discharges in the unnamed tributary at the critical flow, is not supported by the
WQS.  Through its inclusion of nonpoint sources as being equal to permitted discharges, the
TMDL constitutes a revision to the critical flow definition of the WQS without the benefit of
rulemaking and due process.

Response: As evident from Section 4 of this report, the TMDL for Flat
Creek does not include loadings from point sources that
discharge into the ELCC Tributary.  Those loadings were
already accounted for in the ELCC Tributary TMDL (final
report dated December 16, 2002).  Therefore, the language
cited by the commenter is applicable for "calculating
concentrations of pollutants from permitted dischargers." 
Since there are no permitted dischargers this language does
not apply.

As noted in the comment above, the critical flows were
developed for calculating concentrations of pollutants from
permitted discharges.  Federal regulations (40 CFR 130.7)
require TMDLs to take into account critical conditions. 
Because the available water quality data did not show any
significant patterns related to seasonal variation or other
factors, the TMDLs were developed for mean annual
conditions (i.e., using mean annual flow conditions).
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Conclusion

The TMDLs for both Flat Creek and Salt Creek as developed have significant limitations. These
include the interpretation of the WQS and the use of outdated ambient water quality data. For
these reasons we request that the TMDLs be revised to address these concerns.  Due to the
fact that the Flat Creek TMDL incorporates the previously completed unnamed tributary TMDL
by reference, we request that our letter of November 15, 2002 regarding dissolved minerals be
made part of the record for the Flat Creek TMDL.  For your convenience, we have attached
those comments to this letter.

Response: See responses to specific comments above.  EPA’s responses
to the comments on the ELCC Tributary TMDL are included in
the last appendix in the ELCC Tributary TMDL report dated
December 16, 2002.




