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WILSON CREEK MINERALS
WATER QUALITY STANDARDS EVALUATION

1.0 SUMMARY AND CONCLUSIONS

Wilson Creek is a small tributary to Lake Catherine in the Quachita Mountain Ecoregion. The

creek is currently classified for the following uses:
. Secondéry contact recreation.
* Domestic, industrial, and agricultural water supply.
¢ Seasonal Quachita Mountain Ecoregion fishery.
The minerals water quality standards associated with these uses are as follows:
¢ Total dissolved solids (TDS)-—142 milligrams per liter (mg/L)
¢ Chloride—15 mg/L
¢ Sulfate—20 mg/L

These water quality standards have not been met for some time, and are not presently being met.
Concentrations of sulfate and TDS in Wilson Creek typically exceed the water quality criteria
downstream of several springs in the upper watershed, Maximum concentrations of these
parameters have been 472 and 700 mg/L for sulfate and TDS, respectively. Sources of sulfate

and TDS include both natural background sources and non-point sources.

Chloride typically exceeds the water quality standard in the lower portion of the watershed,
downstream of the East Wilson Pond. The maximum concentration of chloride is 155 mg/L.
East Wilson Pond is part of the Umetco Minerals Corporation (Umetco) treatment system, and
the outfall from this pond is included as Outfall No. 001 in the National Pollutant Discharge
Elimination System (NPDES) permit for the mine. The source of high chloride appears to be

962-051.121 . Wright Water Engineers, inc. Page 1
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Wilson Creek Minerals Water Quality Standards Evaluation

from reclaimed mine areas in the Lecroy portion of the mine. This source will be eliminated

when Indian Creek Pond is removed as part of the LeCroy area reclamation.

A bioassessment found that fish and macroinvertebrate communities exist in Wilson Creek. The
creek supports a limited, seasonal fishery. A macroinvértebrate community dominated by
species adapted to flowing water exists upstream of Bast Wilson Pond. The community includes
more species adapted to pools in the lowér watershed. Fish and macroinvertebrates are limited
by a lack of water, instream cover, and habitat conditions. There are no significant differences in

aquatic life due to existing minerals concentrations.
Wilson Creek has never been used for domestic water supply use.

No economically feasible treatment methods exist to reduce concentration\;; of sulfate, TDS, or
chloride to less than the standards. Alternatives cvaluated include chemical precipitation, ion
exchange, and membrane treatments. The only alternative that could reduce levels to below
existing standards is reverse osmosis, However, the estimated cost of this technology is cost-

prohibitive. Controls more stringent than required by Sections 301(b) and 306 of the Clean
Water Act (CWA) would be required.

1.1 Recommendations

The “Domestic Water Supply” use on Wilson Creek should be removed because this use is rot
an existing use, it is not attainable due to exceedences of the secondary drinking water standards
for sulfate and TDS, and because there is no economically feasible treatment method for these
parameters. Wilson Creek has not been approved as, nor is it under consideration for, use as a
public water supply (Appendix D). Removal of the Domestic Water Supply use will not affect

the drkansas State Water Plan (Arkansas Soil and Water Conservation Commission, 1975)
(Appendix D).

The minerals water quality standards should be changed to the following to reflect existing and

attainable conditions consistent with the removal of the Domestic Water Supply use:

962-051.121 Wright Water Engineers, Inc, Page 2
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Wilson Creek Minerals Water Quality Standards Evaluation

o TDS—600 mg/L
¢ Chloride—116 mg/L
» Sulfate—277 mg/L.

The above criteria are based on post-reclamation data and represent 90" percentile values. Use of

these values would result in an allowable number of exceedances, based on the 10 percent

exceedances allowed under Regulation Establishing Water Quality Standards for Surface Waters

Jor the State of Arkansas—Regulation No. 2 (Arkansas Pollution Control and Ecology
Commission, Effective October 28, 2002) (Regulation No. 2).

Modification of the standards to the criteria above will not affect existing aquatic life uses or
existing water supply uses of Wilson Creek. The proposed standards also will not cause a
measurable increase in minerals loading or affect uses or water quality standards of Lake

Catherine, which is the downstream receiving stream.

2.0 INTRODUCTION AND PURPOSE

This report presents the results of an evaluation of the appropriateness of the existing water
supply classification and minerals water quality standards for Wilson Creek. This work was
completed to support modifications to the classifications and standards to reflect existing

conditions, pursuant to Section 2.306 of Regulation No. 2.

The scope of this investigation was developed in concert with the Arkansas Department of
Environmental Quality (ADEQ), Water Division staff. The overall approach was developed at a
joint meeting held in August 2003. The specific scope of work was devéloped after this meeting,
and is detailed in the Work Plan _for Wilson Creek Minerals Water Quality Standards Evaluation
(Waste Engineering, Inc., February 2004) (Work Plan), which was approved by the ADEQ. The
- approach used includes a combination of office evaluations, research, and fieldwork. Fieldwork

included fish and macroinvertebrate collections, habitat assessment, and water quality sampling,

962-051.121 Wright Water Engineers, inc. Page 3
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Wilson Creek Minerals Water Quality Standards Evaluation

This investigation meets the requirements specified in Section 2.306 of Regulation No. 2 for

“...removal of any designated usc except fishable/swimmable, and modifications of water quality

- criteria not related to fishable/swimmable uses”, and in Section IX of the State of Arkansas

Continuing Planning Process (ADEQ, revised January 2000) (CPP). The following are
addressed in this report:

1. Existing uses and mineral water quality.
2. Watershed and waterbody characteristics.
3. Treatability of water for minerals.

4. Minerals loading.

3. Recommended modifications to the existing water supply classification and minerals

water quality standards.
In addition, documentation is provided that;
1. The use to be removed is not an existing use, as defined in CFR 131.3.
2. The fishable/swimmable use will be maintained.
3. All designated uses and criteria will be met in downstream waters.

This report is intended to support a request to the Arkansas Pollution Control and Ecology
Commission (Commission) to modify the minerals water quality standards and to remove the

Domestic Water Supply use for Wilson Creek.
3.0 BACKGROUND
31 Watershed and Waterbody Characteristics

Wilson Creek is a small tributary to the Ouachita River that flows into Lake Catherine,
approximately 5 miles east of Hot Springs, Arkansas (Figure 1—Vicinity Map). The watershed

962-051.1214 Wright Water Engineers, Inc. Page 4
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Wilson Creek Minerals Water Quality Standards Evaluation

for the creck encompasses 1.28 square miles and is located in the Quachita Mountain Ecoregion
(Regulation No. 2). The creek originates in relatively undisturbed forest and then flows through
portions of Umetco’s Wilson Vanadium Mine. Based on aerial photograph analysis, the land use

distribution in the watershed is as follows:
* Forest—80 percent
* Reclaimed mine area—19 percent
* Developed area—1 percent

The only developed area in the watershed is a small amount of residential and commercial

development south of Highway 270 in the southermn portion of the watershed.

U.S. Vanadium Corporation started mining activities in the watershed in 1968. The operation
produced high-grade vanadium trioxide andipentoxide which are alloying agents for hardening

steel and other metals. Mining ceased in 1997.

Mine reclamation in the Wilson Creek watershed occurred in 1998-1999 and included grading
and revegetation of mined areas to restore the original drainage patterns, and reclaiming the
Wilson Creek streambed with a series of grouted low-water crossings, drop structures, and
culverts. The reclamation was coordinated with and approved by the ADEQ Mining Division,
and is detailed in a series of reports and construction plans and documents (see letter to James
Stephens dated March 6, 2003 in Appendix A for a list of documents). While most of the
reclamation was completed in 1998-1999, additional reclamation activities in the LeCroy area, an

adjacent watershed, are ongoing.
3.2 Pointand Non-Point Sources

Wilson Creek receives periodic point source discharges from the East Wilson Pond and non-point
source runoff from its watershed, including reclaimed mine areas. Baseflow in the creek is

maintained by groundwater flow, including flows from several springs in the upper watershed.

862-051.121 Wright Water Engineers, Inc. Page 5
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Wilsan Creek Minerals Water Quality Standards Evaluation

Bast Wilson Pond is the primary treatment facility for the Wilson Mine. Water from upper
Wilson Creek is diverted into the pond where it commingles with smaller flows from the Lecroy
mine area. The pH of the water in the pond is adjusted using lime, and the water is discharged to
lower Wilson Creek at Outfall 001 under NPDES Permit No. AR0048950. Discharges oceur
only when the pond reaches its full level. The amount of discharge from the East Wilson Pond
has diminished in recent years with the completion of reclamation. The discharge is intermittent,

and only occurs an average of 3.6 times each year, with an average of 4.04 million gallons per

day each time.

Non-point source discharges to Wilson Creek include runoff from native and reclaimed areas in
the watershed. The amount of non-point source discharge has decreased in recent years with the

completion of reclamation.
3.3 Uses and Existing Water Quality

Wilson Creek is included in the Ouachita Mountain Ecoregion (OM-2) and is classified for the

following designated uses:
o Secondary contact recreation.
¢ Domestic, industrial, and agricultural water supply.
o Seasonal Quachita Mountain Ecoregion fishery.

Lake Catherine, the downstream waterbody, is classified for the same uses, except it is classified

as a perennial fishery.
The applicable minerals water quality standards for Wilson Creek are as follows:
e TDS—I142 mg/L

¢ Chloride—15 mg/L

962-051.121 Wright Water Engineers, Inc. Page 6
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Wilson Creek Minerals Water Quality Standards Evaluation

e Sulfate—20 mg/L

The above concentrations are not to be exceeded in more than one in ten samples collected over a

period of not less than 30 days, and not more than 360 days (Regulation No. 2).

Existing minerals water ‘quality along Wilson creek is summarized in Table 1. The locations of
the data (and other sampling completed for this evaluation) are shown on Figure 2. The data in
Table 1 are from the ongoing water quality monitoring program from February 1999 to June
2004 (including data collected May 11-13, 2004 when biological data were collected). These
data represent existing, post-reclamation water quality conditions, which are anticipated to

continue in the future. The following conclusions are drawn from the data in Table 1;

» Concentrations of minerals in the upper watershed are relatively low and are less than the

existing water quality standards.

» Concentrations of sulfate and TDS increase at WIL-1, which is downstream of several
springs. High concentrations of these parameters in the springs may be due to a
combination of natural background conditions and mining/reclamation activities.

Concentrations of TDS may increase in the lower portion of the creek from the lime
added to East Wilson Pond.

» Concentrations of sulfate and TDS exceed watér quality standards in most of Wilson
Creek.

¢ Chloride is less than the standard in the upper portion of the creek. Chloride increases
markedly downstream of the East Wilson Pond where it typically exceeds the stream
standard. A principal source of chloride is from the LeCroy mine area, which will be

eliminated when reclamation of the LeCroy area is completed.
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Wilsan Creek Minerals Waler Quality Standards Evaluation

TABLE 1

Wilson Creek Minerals Water Quality

Montonng] parameter | gooram, | UNITS N:;‘:’Efegp MAXIMUM | MINIMUM | MEAN
Wi | Chioride 15| moit 22.0 4.0 1.0 2.0
wits Sulfate 20 | mall 22.0 10.0 1.0 7.7
WL TDS 142 I mgll | 220 0.0 10.0 | 352
WIS 758 2 mg/l. 19.0 36.0 1.0 8.8
WILS1 | Chloride 15 ma/L 1.0 2.0 2.0 2.0
WILS1 Suffate 20 | mglt. 1.0 10.0 10.0. 10.0
WILS1 DS 142 | mo/l 1.0 30.0 30.0 | 300
WILS1 TSS 2 mgll 0.0 - - -
WiL-1 | Chioride 15 mg/L 12,0 1.0 2.0
Wil-1 Suffate 20 | mgit 12,0 49 |E5ET
WiL-1 TDS 142 | mg/l 12.0 200 | 921 |
-~ WIL- TSS 2 ma/l. 9.0 0.8 2.6
“WIL-2 | Chloride 15 | moll 14.0 1.0 2.1
WiL-2 - | Sulfate 20 ma/L 14.0 48.2 |B9mE
—wit2 | Tos 142 | mght 14.0 87.5 |515674:
“WiL-2 [ T88 2 L 13,0 2.3 11.7
HSWIL-2 | Chloride 15 ma/l,
HSWIL-2 | Sulfate 20 moll. Duplicate sample WiL-2.
HswiL2 { TDS 142 | mglL Statistics summarized with WIL-2.
HSWIL-2 TSS 2 mgiL
‘; “WIL-3* | Chloride 15 g/l 100 | 90 1.0 4.5
_WIL-3 | Suifate 20 g/t 100 |SEEse0i08n]  e7.9 1215345
W3- | TS 142 | mglL 100 |S246210%8] 1400 [5274i88
L WIL-3 [ TSS 2 mg/L 8.0 12.0 1.0 3.5
Wil-4 | Chioride 15 mg/L 100 |ESas4ae|  36.5 IoHE
| WIL-4 Sulfate 20 mg/L. 10.0 270.0 130.0_ | 198.1
' WiL-4 TDS 142 | mgll 10.0 653.0 280.0 | 4920
WiL-4 | TSS 2 mgll 6.0 16.0 1.0 5.6
HSWIL-4 | _Chloride 15 | mgit
HEWIL-4 | Sulfate 20 g/l Duplicate sample Wil.4.
HSWIL-4 TDS 142 | mglt Stalistics summarized with WIL-4.
HSWIL-4 TSS 2 mg/l.
W5 ] Chloride 15 il 10.0  |ESMei0Es] 198
_WILs -] Sulfate 20 ma/t 100 |E=2770%s] 131.0
Wil 1 TDS 142 | mall 100 |E5i6e0[0®El  300.0
W5 | T8S 2 mg/L 9.0 10.0 2.0
! Chloride 15 | mglL 120 teshzatom] 199
o Sutfale 20 mg/l 12,0 _ EE200% | 170.0
- D8 142 | mgll 12.0  |EE60808=  440.0
7SS 2 mg/L 11.0 8.0 1.0
Chiloride 16 | mglL :
Sulfate 20 mg/l. Duplicate sample WIL-6.
DS 142 mg/l Stalistics surnmarized with WIL-6.
TSS 2 mg/L
L WILL | Chloride 16 | mgt] 230 NSS40 lm72i6%
Lo WILL Suffate 20 | mgt 23.0
b WILL TDS 142 | mgll | 230 i 380.0 _|E545107
ii WILL 188 2 ma/L 19.0 .

Notes: 1) Data not included in stalistical summary f MDL>stream standard,
2) Duplicate samples included in stalistics,

Biological sampling site for this study.

Exceeds existing water quality standard.

Data from this site used for WIL-2.5.

962-051.121 Wright Water Engineers, Inc.
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3.4 Sources of Wastewater

The only water discharged to Wilson Creck is the periodic discharge of water from East Wilson

Pond, as described in Section 3.2, No domestic wastewater is discharged to the creek.

4.0 FIELDWORK

Fieldwork completed for this evaluation included habitat assessment, collection of
macroinvertebrates and fish, and water quality sampling at selected locations. A total of six sites

were sampled. The locations sampled are shown on Figure 2, and the sites are described in Table
2,

TABLE 2

Sampling Locations

Site Name Location Purpose

WILS Upper-most site Reference site not affected by mine, springs, or
high minerals,

WIL-1 Below Spring SPRD3 in | Similar to WILS, but affected by Spring SPRD3.

Wilson Creek
WIL-2 Immediately below Spring | Similar to WILS, but affected by Springs SPRD2
SPRD2 on Wilson Creek | and SPRD3.
WIL-2.5 Below T-pit Effects of T-pit.

WIL-5 Near mouth of creek Representalive of lower Wilson Creek, below
mine area,

WIL-6 Near mouth of creek Representative of lower Wilson Creek, below
mine area,

The sampling sites were selected to represent undisturbed conditions upstream of the mine area
(WILS), sites below springs (WIL-1 and WIL-2) and the mine area (WIL-2.5), and conditions
downstream of the mine and Outfall 001 (WIL~5 and WIL-6).

Several modifications were made to the sampling locations propbsed in the Work Plan, It was
planned to sample at WIL-3; however, it was not possible to collect fish at this location due to
soft sediment that made wading difficult and hazardous. This site is affected by artificial ponding

from a road crossing and culvert that has resulted in sediment deposition and growth of wetlands

962-051,121 Wright Water Engineers, Inc. Page 9
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Wilson Creek Minerals Water Quality Standards Evaluation

so that this site is not typical of the creek. It was also planned to sample north Wilson Creek at
NWPO, but this site was not used since this drainage did not exist prior to mine reclamation.
Lastly, the Work Plan included sampling at WILL towards the mouth of the creek. Sampling was
completed at WIL-5 and WIL-6 in the lower watershed instead (Figure 2).

Fieldwork was completed jointly by Waste Engineering, Inc (WEI) and GBMc and Associates
(GBMc) on May 11-13, 2004.

4.1 Habitat Assessmen.t

Instream habitat was evaluated using Tier One of the ADEQ habitat rating method. This method
involves scoring of substrate type, instream cover, and sedimentation for each habitat type
present (run, riffle, and pool), as per the “ADEQ Instream and Riparian Habitat” rating form. A
“habitat score” and “index of habitat integrity” (THI) were calculated for the site. An average [HI
weightcd by habitat length was calculated for each site.

Habitat was also evaluated using the “Riffle (or Pool) Habitat Assessment for Aquatic
Macroinvertebrate” rating forms provided by the ADEQ. (This method is referred to as the
“Rapid Bioassessment Protocols” [RBP] in this report.) These forms are based on and are
similar to the habitat rating procedure for the U.S. Environmental Protection Agency’s Rapid
Bioassessment Protocols for Use in Streams and Rivers and Wadeable Rivers (U.S.
Environmental Protection Agency [USEPA], 1998). This method entails rating nine habitat
parameters for a total possible score of 220, One form was completed for representative riffle

and pool habitats at each site.

Measurements of channel geometry were also completed, streamflow was estimated, and
photographs were taken. The results of the habitat assessment are summarized in Table 3, and

habitat field sheets and photographs are included in Appendix B.

962-051.121 Wright Water Engineers, Inc. Page 10
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TABLE 3

Habitat Score Summary’

Habitat Length | Habitat RBP
Location’ | No. |Type'| (ff) Score* HI4 Rating® Notes
WILS 1 p 155 31.7 49.1 162 Pools and riffles similar,
: 2 R 270 34.0 91.8 187 s0 one habitat sheet
. - was used for each
425 Ave. =T76.2% | Ave.=178° type.
WIL-1 1 R 190 40.0 76.0 166 Pools and riffles similar,
2 = 70 42.9 30.0 171 50 one habitat sheet
- . was used for each
260 Ave. = 63.6° | Ave, = 167° type.
WIL-2 1 P 120 21.4 25.7 104 Sediment from road is
2 R 110 26.1 28.7 105 deposited in this reach.
3 P 180 21.2 40.3
4 RN 60 22.8 13.6
480 Ave. = 30.7% | Ave.=105°
WiL-2.5 1 RN 80 31.6 25.3 Flow doubled at this
2 R 100 33 6 33 6 138 Site dUe to rain the
- - previous day.
3 P 160 37.6 80.2 126
340 Ave. =44,2% | Ave.=130°
WIL-5 1 P 165 39.2 64.7 148 Only = &' of riffle in
D) p 30 404 6.4 reach (not scared).
RN 60 43.8 26.3
315 Ave. = 49.3% | Ave. = 148°
WIL-8 1 P 80 60.7 . 364 176 Good in-stream cover,
2 RN 130 46.6 60.6 under cut banks.
3 P 100 50.1 50.1
4 R 80 60.0 48.0 191
370 Ave, = 51,1% | Ave, = 181°

! See habitat field sheets and photographs in Appendix B.
2 sampling locations on Drawing 1.
3P = pool; R = riffle; RN = Run.

1 As per ADEQ habitat procedure.

sedimentation. IHI = index of habitat integrity = length x habitat score x 0.01.

SWeighted by length, equals X(length x IHI or RBP)/tatal length.
% From rifle or pool habitat assessment forms.

Habitat score = sum of substrate type, instream cover, and

962-051.121
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Wilson Creek Minerals Watar Quallty Standards Evaluation

4.1.1 Habitat Description

Wilson Creek is a small, perennial stream with a moderate gradient. The creek consists of
alternating riffles and pools but, during most of the year, only a trickle of flow exists (3 to 10
gallons per minute) so that water does not cover the substrate in riffles (see Photos 4, 7, and 8).
Water is very shallow (3 to 6 inches deep) in pools (see Photos 5, 6, and 9). No large, deep
pools exist (except for the artificial pool at WIL-3), and riffles are very shallow. The creek
generally lacks instream cover, including undercut banks, root wads, and aquatic vegetation. A
relatively large amount of the channel bottom is exposed, and most of the water present is
standing in shallow pools (see Photos 3 through'7). Habitat is slightly better in the lower reach of

the creek due to more flow, deeper pools, and some undercut banks (see Photos 13 through 19).

The average IHI values and RBP ratings (see Table 3) show habitat as being the best (higher
values) at the upstream-most and downstream-most sites (WILS and WIL-6, respectively).
Habitat is the worst at WIL-2, which is downstream of and affected by sediment from an un-
culverted dirt road crossing. This sediment has covered gravel and cobble substrate in this reach
(see Photo 2). Habitat scores are also lower at WIL-2.5 due to lack of flow and instream cover
(see Photos 10 through 12).

The major limiting habitat factors in Wilson Creek are the lack of water depth, deep pools, and
instream cover. Portions of the watershed and riparian zone are relatively undisturbed,

particularly in the upper and lower reaches of the watershed (the middle reach has been impacted

by mining).
4.2  Water Quality Sampling

A grab water quality sample was obtained at each site and submitted to a laboratory for analysis
for TDS, sulfate, chloride, and total suspended solids. Water temperature, conductivity, pH, and
dissolved oxygen were measured in the field with instruments. The results of the laboratory

analyses are included in Table 1. Table 4 shows the results of the field measurements.
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TABLE 4
Field Water Quality Measurements’
Locations
Parameter? WILS WiL-1 WiL-2 WIL-2,5 WIL-5 WIL-6
pH (s.u.) 6.77 6.37 5.01 NA 8.72 7.62
Temp (°C) 17.0 17.4 17.2 NA 20.3 NA
D.O. (mgl) | 7.62 B.24 - 8.03 NA 5.59 NA
Flow (gpm) +5 5 +8 +10 +10 . #10

' On days of field sampling (May 11-13, 2004).
2 All taken with field instruments. Flow estimated visually.

Water quality data from an ongoing monitoring program of Wilson Creek were also used in this
evaluation. Data have been collected at nine sites along the creek. Data collected from February
1999 through June 2004, which represent recent, post-reclamation data, were used in this

evaluation. These data are summarized in Table 1.
4.3 Macroinvertebrates

Macroinvertebrates were collected at each site with a D-frame net. A constant level of effort was

- used to sample all available habitat/substrate types over an approximately 100-foot reach of the

creck. Samples were preserved with 10 percent ethanol in the field, and organisms were
identified to the genus (or family) level in the laboratory by GBMc. Several metrics were
calculated to characterize the nature of the macroinvertebrate community present. The
procedures in the ADEQ’s “Aquatic Macroinvertebrate Sample Collection and Processing
Protocols™ were followed. The list of taxa at each sampling location is included ih Appendix C;

Table 5 summarizes the data and provides the metrics.
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TABLE 5

Macroinvertebrate Metrics'

) Site?

Metric WILS | WL | WiL2 | WiL25 | WIL-5 | WiLe
Taxa richness 20 20 19 13 14 17
EPT Index 8 7 4 1 2 2
% Dominant taxon 21 18 25 37 20 28
Dominant taxon Chironimid |  Mayfly Stonefly | Chronomid | Chranomid | lsopod
% Shredders 9 23 27 28 20 21
Scrapersffiltering 0.54 0.08 0 0.05 002 | 0
collectors .
EPT/Chironimid 1.18 2.56 1.00 0.29 0.03 0.32
HBI® 4.68 443 3.75 5.18 5.81 6.20

' See table of species collected at each site in Appendix C.
% See Drawing 1 for locations. '
3 Hilsenhoff Biotic Index-—family level used.

The following summarizes the results of the macroinvertebrate sampling:

¢ The number of species present (taxa richness) was relatively constant at 19 or 20 species
at WILS (background site), WIL-I (downstrcam of Spring SPRD3 in the upper
watershed), and WIL-2 (downstream of all springs in upper watershed) despite a
reduction in habitat quality and a large increase in TDS and sulfate at WIL-1 and WIL-2.
Taxa richness decreased at WIL-2.5 and WIL-5, but increased at WIL-6.

¢ The EPT Index was highest at WILS and WIL-1, and decreased downstream. Sulfaté and
TDS are significantly higher at WIL-1 versus WILS, but both have high habitat ratings.
Sediment from the un-culverted road crossing below WIL-1 has covered substrate at
WIL-2 (see Photo 2). This sediment may be the reason for the -decrease,in EPT taxa at
this site, since many of the EPT taxa upstream were scrapers (Stenacron, Stenonema, and

Psephenus), which would be negatively affected by sediment.

* The ratio of EPT taxa to chironomids was highest at WIL-1, downstream of SPRD3. It

was relatively high at WIL-2, but this metric decreased significantly downstream. Sulfate
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and TDS were significantly higher at WIL-1 and WIL-2 than at WILS, but habitat varied
from 167 to 105 at these sites.

* The percent contribution of the dominant taxon varied from a low of 18 percent at WIL-1
to 37 percent at WIL-2.5. This metric did not vary much at WILS, WIL-1, and WIL-2.
The dominant taxon itself varied along the creek. For example, chironominae was the
dominant taxon at WILS; the mayfly Paraleptophlebia was dominant at WIL-1; the

stonefly Allocapnia was dominant at WIL-2; and tanypodinae and isopoda were dominant
at WIL-5 and WIL~6, respectively.

* The Hilsenhoff Biotic Index (HBI), which is an integrated measure of the overall pollution
tolerance of the community, ranged from 3.75 at WIL-2 to 6.2 at WIL-6. The lower value

at WIL-2 was due to the presence of relatively high numbers of Allocapnia, which is

relatively sensitive,

4.3.1 Discussion

The nature of the macroinvertebrate community in Wilson Creek varies due to changes in
substrate, habitat quality, water quality, temperature, and other factors—all of which change
along the creek. The community present is relatively tolerant, even at upstream sites. For
example, the dominant taxon at WILS, located upstream of the springs and mining area, was
Chironominae, which are relatively tolerant midges. (Chironimids comprised much of the
community throughout the creek [see Appendix C]). The dominant taxon at WIL-2 downstream

of springs where TDS and sulfate increase was the relatively sensitive stonefly Allocapnia.

Data do not show significant negative impacts on the macroinvertebrate community from
increased minerals concentrations. Figure 3 shows average minerals concentrations versus taxa
richness and the HBIL. Taxa richness was relatively high at WILS, WIL-1, and WIL-2, which are
all located relatively close to each other in the upper watershed, where TDS and sulfate increased

significantly, Taxa richness declined at WIL-2.5, but then increased as concentrations of all three
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minerals increased significantly at WIL-5 and WIL-6. The HBI also decreased from WILS to

WIL-~2 (indicating a less pollution tolerant community), while TDS and sulfate increased greatly.

Taxa richness appeared to correlate better with habitat quality, as is evidenced from Figures 4A

and 4B, which shows habitat quality (RBP values) versus taxa richness and EPT/chironimid

ratio.

A detailed analysis of changes in the community immediately downstream of the largest increases
in minerals was conducted. This evaluation compared the nature of the community upstream and
downstream of the minerals sources. An upstream and downstream comparison is relevant for
Wilson Creek, instead of comparisons back to WILS, since many factors change within a
relatively short distance along the creek. An upstream and downstream comparison isolates
water quality influences to the maximum extent possible. The sites used in this evaluation are as

follows: Sulfate: WIL-1 v. WIL-2; TDS: WILS v. WIL-1; Chloride: WIL-2.5 v. WIL-5.

The biological condition and degree of impairment of the downstream site was determined using
the upstream site, as described in the USEPA’s Bioassessment Protocols for Use in Streams and
Rivers and Wadeable Rivers. The biological condition scores are shown in Table 6. The
evaluation of upstream versus downstream sites is shown in Table 7. As Table 7 shows, the
macroinvertebrate community was either not impaired or slightly impaired downstream of the
largest changes in minerals concentrations. This was found even though average minerals

concentrations increased 79 to 1,931 percent at the downstream comparison sites.

The lack of effects from the minerals is consistent with published toxicity data that show the
levels of chloride, sulfate, and TDS in Wilson Creek to be well below levels shown to be toxic to

aquatic life. For example, studies have shown no effect on survival from TDS of 10,000 to
20,000 mg/L (Rawson & Moore, 1944).
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TABLE 6

Biological Condition Evaluation

WIL-2 (v. WIL-1) WIL-1 (v. WILS) WIL-5 {v. WIL-2,5)
Matric WiL-2 % of Score | WIL-1 % of Score WIL-5 % of Score
WiL-1 WILS WIL-2.5
Taxa richness 19 95 6 20 100 6 14 108 6
EPT index 4* 57 0 7 88 4 2 200 8
% Dominant taxon 25 NA 4 18 NA 6 20 NA 4
EPT/chironimid 1.00 39 2 2.56 217 4 0.03 10 0
HBI 3.75 120 6 4.43 106 6 5.81 89 [3;
% Shredders 27 117 8 23 266 6 20 71 6
Scrapersffiltering 0* 0 0 0.08 15 0 0.02 40 4
collectors
Community Loss NA 0.53 8 NA 0.40 4 NA 0.43 6
Index
TOTAL 30 38 38
. (30 £33
% of upstream site 63 79 | 79
(83)“ .
Impairment Slight | Slight Slight
(none)* :

P * Law score Is likeiy due to sediment from road crossing covering sediment, which greatly affected scrapers (many of
[ which are mayflies).

»‘* Value without EPT index and scrépers/ﬁltering collectors, which are affected by sediment.
" TABLE 7

Analysis of Sites Upstream and Downstream of Major Mineral Sources’

Average - Biological
Concentration % RBP Habitat % Condition
{mg/L) Change Score Change Impairment?
Sulfate
P Upstream site (WIL-1) 51.7 167 None to slightly
. Downstream site (WIL-2) 92.7 +79 105 -37 impalred
o b B e e ey Total Dissolved Solids
Upstream site (WILS) 35.2 ' 178
Downstream site (WIL- ) 92.1 +162 167 -6 : Slight
iyl e Chloride
Upstream site (W!L~2 5)” 4.5 130
! Downstream site (WIL-5) 914 +1,931 148 +14 Slight
- ! Consecutive sites with the largest change in concentration used.

2 See Table 6 for detalls as per USEPA Guidance.
[ ® Water quality data from WIL-3 used.
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4.4 Fish Collections

Fish were collected with a backpack shocker. A representative reach was sampled at each
location, which equated to a 100~ to 300-foot length. The species of fish were identified, and the
fish were noted for the presence of any deformities or discase. The collections were performed

under a state collection permit by GBMe. The fish found at each site are shown in Table 8.
TABLE 8

Fish Collected From Wilson Creek May 11-13, 2004

Semom'us atmmaculafus

cxxmg“"fém" IDAE

Green sunfish - - S - -
Longear sunfish -~ - - -
Large mouth bass ~

Lepom:s cyanelius
|\Lepomis megalotis®
Mfcroptems salmo:des

Etheostoma radiosum®  |Orange belly darter 27 - - —

Total no. taxa collected e 2 1 1 0 2 5
Total fish collected . 180 66 2 0 74 54
Level of effort (min.) PDT® 156.93 4.63 39.17 18.40 15.27 15.73
Cateh per minute, PDT 11.30 14.24 0.05 — 4.85 3.43
Shannon-Wiener Diversity index 0.61 0.00 0.00 — 0.67 1.98

' Two sample runs were completed at this site.
% Key or indicator Ecoregion species (Regulation No. 2).

¥ PDT = Pedal Down Time = actual time of current genaration.

Limited numbers and species of fish were collected from Wilson Creek. Only creek chubs and

orange belly darters were found in the upper watershed. Only two creek chubs were found at

WIL-2, and no fish were found at WIL-2.5 downstream of T-Pit. Five species, including orange

belly darters, were found at WIL-6. The only key species found was the orange belly darter.

Creek chubs and orange belly darters were more prevalent in the upper watershed likely because

of the preference of these species for flowing water and gravel, cobble substrate. All of the
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orange belly darters at WIL-6 were collected from a riffle with cobble substrate. Large mouth
bass, green sunfish, longear sunfish, and chub suckers were only collected from the lower

watershed where there are larger pools.

4.4.1 Discussion

The character of the fish community in Wilson Creek is greatly affected by habitat and flow.
Instrearn habitat is very limited in the upper watershed. Most of the fish found at WILS and
WIL~1 occurred either in several small pools or in cobble. The cobble was generally exposed so
that fish were in interstices (see Photos 6 through 8). Few fish were found at WIL-2, and this is
likely due to the lack of any pools and cobbles, which is where fish were found at WILS and
WIL-1, and sedimentation from the road crossing (see Photos [ and 2). As shown in Photo 4, the -
creek is only a small ribbon of flow at WIL-2, and this site lacks the cobble present at WILS and
WIL-1. The lack of fish at WILS-2.5 is also likely due to the very small channel and lack of
habitat at this site (see Photos 10 and 11). Fish were observed at WIL-3 (which was not sampled,

as previously described) approximately 400 feet downstream in a pool that provides habitat and

COVer.
The presence of fish is not well related to minerals concentrations:

¢ The most diverse fish community was found at WIL-6, which has much higher
concentrations of minerals than WILS. Only two species were found at WILS. Five

species were found at WIL-6, where average concentrations of minerals are 15 to 45

times higher.

* The only key species found, the orange belly darter, was only found at WILS and WIL-6.
Relatively similar numbers were found (27 versus 21 fish for WILS and WIL-6,
respectively), though minerals are much higher at WIL-6, These two sites had the best
habitat, which likely explains the presence of this fish. |
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¢ Moderate numbers of fish were collected at WIL-1 and WIL-5, which have increased

levels of minerals compared to WILS.

o No fish were collected at WIL-2.5, but fish (sunfish and bass) were observed at WIL-3

immediately downstream. Minerals concentrations at WIL-3 are equal to or higher than
those at WIL-2.5.

The fish community of Wilson Creek is not comparable to reference sites in the Quachita
Mountain Ecoregion. For example, Board Camp Creek, which is a regional reference site in
Regulation No. 2, has been found to have 21 species with several “sensitive species.” However,
this creek and other potential reference crecks (e.g., upper Cove Creek) are significantly larger

and have much more flow than Wilson Creek. The watershed for the Board Camp Creck

- reference site is 19 square miles. The channel averages 61 feet, and 2.67 cubic feet per second of

flow was reported in the creek. These numbers compare to a watershed of 1.28 square miles, a
channel width of 2 to 4 feet, and flows of several gallons per minute (0.01 to 0.03 cfs) for Wilson
Creck. Upper Cove Creek was observed as a part of this study to locate a comparable reference
site. The one location that was potentially accessible in the upper watershed has a drainage area
of 2.34 square miles, but several cfs per second of flow was observed, and the channel is 10 to 15
feet wide with water depths of 0.5 to 1.5 feet. Therefore, no comparable reference sites have

been identified for Wilson Creek at this time,

50 RESULTS AND DISCUSSION
5.1  Contaminants Which Exceed Water Quality Standards

The contaminants that exceed water quality standards and are the subject of this evaluation are
TDS, sulfate, and chloride.

5.2 Technological Treatment

The only treatment that has been provided to date is the addition of hydrated lime to the water in

East Wilson Pond for pH adjustment. Settling occurs as the water is retained in the pond before
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discharge. Aecration occurs through turbulent flow in the discharge channel when water is

pumped from the pond for discharge to Wilson Creek.

Treatment for sulfate, chloride, and TDS has never been required or provided. The discussion in
Section 5.3, below, shows that treatment is not feasible from a cost standpoint and is not

warranted to protect the uses of the creek.
5.3 Treatability Analysis for Chloride, Sulfate, and TDS

Chloride, sulfate, and TDS are major components of salinity in environmental waters. Salinity in
rivers and streams is one of the most difficult water quality issues to control. In most remediation
programs, such as state Total Maximum Daily Load evaluations, source control by diversion,
injection, evaporation, ponding, and promoting more efficient irrigation practices is the most
effective control approach. None of these approaches are feasible or desirable for Wilson Creek.

Because the sources of salinity in Wilson Creek are diffuse, any treatment would have to be

applied to the entire stream flow,

The alternative treatments described below were evaluated for Wilson Creek.
5.3.1 Precipitation

Chloride

There are no passive treatment technologies for reducing chloride in water. All chloride salts are
very water soluble except for t‘hose of lead, silver, and mercury. Consequently, chloride cannot
be precipitated except by adding expensive and toxic metal ions to the water. Thus, it is not
environmentally or economically feasible at the Wilson Mine site to remove chloride by

precipitating and immobilizing it on site,

Sulfate and TDS

Sulfate salts are also generally very soluble, except for those of strontium, lead, barium, silver,

and mercury. Calcium sulfate is moderately soluble. Like chloride, efficient precipitation of
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sulfate requires the addition of expensive and toxic metal ions to the water. The addition of
sufficient calcium could provide up to 30 percent sulfate removal. However, calcium treatment

would not bring Wilson Creek into compliance with the current stream standard of 20 mg/L.

Another alternative is to convert sulfate to sulfide in an anaerobic wetland and precipitate it as

metal sulfides. This has the advantage of also removing some of the TDS. There are two main

drawbacks to this alternative:
1. It requires a large surface area of wetland.

2. Its ability to remove sufficient sulfate is uncertain. Even if 100 percent conversion of
sulfate to sulfide is assumed, the levels of dissolved metals in Wilson Creek are not high
enough to precipitate more than 5 to 10 percent of the sulfide formed. Unless additional
metal were added, most of the sulfide would be in the form of hydrogen sulfide, a more

objectionable pollutant than the original sulfate.

The difficulty of economical sulfate removal is well established. In 1990, the USEPA proposed a
primary drinking water standard for sﬁlfate that was subsequently withdrawn because of public
comments about the high cost of compliance. The USEPA finally elected to set only a secondary
standard for sulfate, based on its low risk to public health. High sulfate levels are a continuing
problem in many rivers in the westem'states. In cases where the source control methods listed

above are inadequate, regulatory policy has usually been to modify the stream uses and standards.

5.3.2 lon Exchange

lon exchange (IX) substitutes one ion for another. It has only a small effect on the weight
concentration of TDS in the treated water. TDS is little affected by IX; only its chemical makeup
is changed. For example, removal of chloride by IX requires that another anion, generally sulfate,
be added. In this case, IX only substitutes one contaminant of concern for another. Hydroxide
could be used as the substitute anion, but it wounld raise the water pH and possibly require

additional treatment.
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In any case, the ions removed from the input water appear in a more concentrated form in the IX
waste stream. Without an acceptable means of disposal, the waste stream will be as great, or
more of a liability, than the untreated Wilson Creek water. Additionally, because of the need for

constant power and regular maintenance, IX cannot be designed to be a passive treatment system.

5.3.3 Membrane Treatments

Membrane methods are the only alternative treatments that have the potential to remove chloride,
sulfate, and TDS to acceptable levels. Potentially suitable membrane methods include reverse
osmosis (RO), nanofiltration, and electrodialysis, all of which are regarded as expensive
treatments that normally are considered as last resorts for industrial and municipal treatment
systems. Membrane treatments all have the same liabilities of generating a concentrated waste

stream and requiring constant power and regular maintenance.

Membrane Treatment Costs

Although capital and operation and maintenance (O&M) costs vary by location, the current cost
of RO ftreatment was estimated using a worksheet provided by the Wisconsin Department of
Natural Resources (DNR) available at  http://www.dnr.state. wi.us/org/water/wm/ww/
applications/chloride_wksht.pdf. The worksheet is part of a chloride variance application for

end-of-pipe treatment systems. It can be assumed that the same RO unit would serve to remove

chloride, sulfate, and TDS. Other membrane freatment systems would have comparable or
higher (in the case of electrodialysis) costs. The calculation below shows that an RO treatment
installation for Wilson Creek could have a capital cost around 8.4 million dollars and O&M costs

around 2.7 million dollars, annually.

In the Wisconsin DNR worksheet, capital cost is estimated to be $1.125 per gallon per day of
design flow, and O&M costs are estimated to be $1 per 1,000 gallons per day.
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Measured daily maximum flows in Wilson Creek range between 4.26 to 9.82 million gatlons per

day (mgd) with a highest monthly average of 6.28 mgd in June 2003. We have chosen 7.5 mgd
as a reasanable design target.

For an RO treatment plant with a design flow of 7.5 mgd:

Estimated capital cost = ($1.125/gallon/day)(7.5%10° gal/day) = $8.4x10°
Estimated O&M costs = ($1/10 gallon)(7.5x10° gal/day)(365 days/year)

= $2.7x10°

54 Economic Analysis

When under production, the Wilson Mine employed around 215 people from both Garland and

Hot Spring Counties. The mine provided a significant employment base and contributed to the

local and state economies.

Today, the mine employs less than five local people, all of whom are engaged in reclamation
studies and design. Its contribution to the local employment base and economy has diminished.
The costs of providing long-term treatment for minerals, which would only be possible by

construction and operation of a mechanical water treatment plant, would make the operation

uneconotnical,
5.5 Environmental Benefits of Not Removing a Use or Closing the Operation

The mining portion of the operation is closed. Most of the mine has been reclaimed. The
vanadium processing that is ongoing on an adjacent property does not affect the water quality or

uses of Wilson Creek. Therefore, no further benefits to water quality can be achieved by closing

~ the operation.

No environmental benefits would result from not removing the Domestic Water Supply

classification. Aquatic life in Wilson Creek is very limited due to natural flow and habitat
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conditions. Decreasing existing concentrations of minerals (to the standards) would not result in

a significant improvement in aquatic life, or other environmental benefits.

5.6 Existing Water Body Uses

Existing uses, as defined in 40CFR 131.3, are “...those uses actually attained in the water body
on or after November 23, 1975, whether or not they are included in the water quality standards.”

The CWA does not allow the removal of any use that has been in existence any time since
November 1975. |

Designated uses are “...those uses actually included in the water quality standards.” The

designated uses for Wilson Creek are as follows (Regulation No. 2):
» Seasonal Quachita Mountain fishery,
» Secondary contact recreation.
» Domestic, industrial, and agricultural water supply.

A seasonal Ouachita Mountain Ecoregion fishery is defined by the presence of “...water which is
suitable for the protection and propagation of fish and other forms of aquatic life adapted to
flowing water whether or not the flow is perennial,” and which support “...communities of
indigenous or adapted species of fish and other forms of aquatic life. The fish community is
characterized by a major portion of sensitive species; a minnow-sunfish-dominated community
exists, followed by darters” (Regulation No. 2). Furthermore, a seasonal fishery is designated

where the watershed is less than 10 square miles in size.

Information indicates that the low pH, metals, suspended solids, and other conditions limited the
aquatic life present in Wilson Creek when mining was active. The quality of the fishery and
aquatic life have improved with the completion of the reclamation and associated improvements

in water quality.
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Fish have been observed in Wilson Creek in the past. Limited aquatic communities were found
by the fieldwork for this study. Wilson Creek supports, and will continue to support, limited
aquatic life in the future. The aquatic life is more limited, naturally, than that found in the
Ouachita Mountain Ecoregion reference streams because Wilson Creek is significantly smaller

and has much less flow than the reference streams.
57 Recommended Minerals Water Quality Standards

The existing minerals water quality should be adopted as the water quality standards for Wilson
Creek. This evaluation has shown that existing minerals quality does not affect aquatic life.
There are no practicable methods for treatment to achieve existing minerals standards. All

existing uses will be protected by adopting revised minerals standards based on existing minerals

quality.

It is recommended that the 90® percentile concentrations be used to reflect existing conditions for
new standards, consistent with Regulation No. 2. The following are the 90" percentile values that
were derived from all water quality data collected from Wilson Creek from February 1999 to

June 2004, which are indicative of post-reclamation quality, presently, and in the future:
*» TDS—600 mg/L
s Chloride—116 mg/L
» Sulfate—277 mg/l.

Regulation No. 2 allows for one in ten samples taken over not less than 30 and not more than 360

days to exceed the standard. Use of the 90" percentile is proposed consistent with Regulation
No. 2. '

5.8 Additional Information for Administrative Guidance Document

The following provides the additional documentation required by the ddministrative Guidance
Document (ADEQ, January 2000). '
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5.8.1 Minerals Loading Analysis

An analysis was completed to determine the effects of the proposed minerals standards on

minerals loading to the Ouachita River (Lake Catherine).

The proposed minerals standards represent existing water quality conditions. Water quality
should remain the séme or improve slightly in the future with the completion of mine
reclamation. An increase in minerals loading is not proposed. | Therefore, the effects of the
proposed minerals water quality standards are already present in the Quachita River downstream
of Wilson Creek.

Existing minerals water quality on the Ouachita River (Lake Catherine) upstream and
downstream of Wilson Creek were obtained from the USEPA STORET database. The available
data are from 1999-2002, which represents post-Wilson mine reclaimed conditions and
conditions with the proposed standards in place.. Minerals water quality in Wilson Creek was

obtained from the ongoing water quality monitoring program by Umetco. These data are shown
in Table 9.

TABLE 9

Minerals Loading Evaluation—Water Quality and Flow Data'

Average Low Maximum Average 90 Percent
Average | Month Flow Monthly Cancentration® Concentration®
Flow (cfs) 7Q10 Flow {mg/L) {mg/L)
Location {cfs) (cfs) {cfs) TDS | CI | 804 | TDS Ci S0,
Quachita River— 2208 1,095 F202 :
downslream of : -
Carpenter Dam = g
Wilson Creek’ 1.8 0,03 0 545 | .73 -1 257 - |E600H| EAM6T 1 #2)
QOuachita River— 1,085 145 29 5.3
downstream
Remmel Dam

2 Reported in UAA FTN (1992).
3 From discharge monitoring reports, measurements by Umetco. Values shown represent mostly average discharges

from Easl Wilson Pond. Basa flow In creek is
“ Average from USEPA STORET database.

: -Used for average concentration calculation.
Used for maximum concentration calculation.
Used for both calculations.

"Flow data from USGS gauges 07359001 and 07358002,

5 petermined from Wilson Creek water quality database.

typically 10 to 20 gpm at mouth (0,022 to 0.045 cfs).
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- Table 9 also shows flow data for the Ouachita River and Wilson Creek, and minerals water
quality data for Wilson Creek. Flow data for the Ouachita River were obtained from U.S.
Geological Survey stream gages at Malvern (gauge no. 07359500) and downstream of Remmel
Dam (gauge nos. 07359001 and 07359002). Flow data reported in a previous analysis by FTN
Associates in 1992 were also used. Flow data for Wilson Creek was obtained from discharge
monitoring reports, and past estimates of flow in the creek by WEIL. As previously discussed, the
flow regime of Wilson Creek is characterized by very low base flow most of the year, higher

flows in the spring, and then periodic high flows due to discharges from East Wilson Pond.

The data in Table 9 were used to calculate minerals concentrations in the Ouachita River
downstream of Wilson Creck from the proposed standards for both average and a maximum
concentration scenario. Average flows and concenirations were used to calculate average
concentrations. The 7Q10 flow for the Ouachita River, highest average monthly discharge for
Wilson Creek, and 90 percentile concentrations for minerals in Wilson Creek, were used for the
maximum concentration scenario. The values used for the calculations are indicated in Table 9,

The results of the calculations are shown in Table 10.

TABLE 10

Minerals Loading Evaluation

Calculated Average Calculated Maximum
Existing Average Concentration Using Using Wilson Creek
Location Concentration® Wilson Creek Data® Water Quality Data®
{mg/L) (mgiL) (mg/L)
DS Cl 850, TDS Cl 80, TDS Cl SO,
Quachita River— 62 2.6 4.3
upstream of Wilson
Creek '
Quachita River- 145 285 5.3 62.4 2.7 4.5 79.9 6.4 13.4
downstream of Remmel
Dam
Water Quality Standards:
TDS—150 mg/L
Cl—50 mg/L
S0,—40 mg/l.
' From USEPA STORET database.
% See Table 9 for data used,
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Table 10 shows that the calculated average minerals concentrations are less than actual measured
concentrations. This is because of additional sources of minerals to the river between the
Carpenter and Remmel Dams. The calculated maximum concentrations downstream of Wilson
Creek are lower than measured coxxcentrationé, except for sulfate. This is due to the conservative
assumptions used in the maximum concentration scenario, which may never actually occur
together (maximum discharge from Wilson Creek at the same time as the 7Q10 low flow in the
Ouachita River). Overall, any increases in minerals concentrations in the Ouachita River from

Wilson Creek will be very small due to the large difference in flow between the two.

5.8.2 Maintenance of Existing Water Supply Uses

Wilson Creek has not been approved as, or used for, a public water supply. A letter from the
Arkansas Department of Health documenting this is included in Appendix D. Wilson Creek is
also not used for agricultural or industrial water supply. The proposed changes in uses and water

quality standards in this evaluation will not prevent attainment of these water supply uses.
5.8.3 Maintenance of Existing Aquatic Life Uses

As described in Sections 4.3 and 4.4, adoption of the proposed minerals standards will not have
an adverse affect on existing aquatic life uses. The proposed standards are based on existing
minerals concentrations. Work for this assessment found that Wilson Creek presently supports
aquatic communities at the existing minerals concentrations. Therefore, adoption of the proposed

standards will maintain existing aquatic life conditions.

CAPP\962-051\12 1 lo\Report 9-2004.doc
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.. Umetco Minerals Corporation

T T LT T T I VOISR e—————

g PO, BOX 1028
GRAND JUNCTION, COLORADO 81502
I & (970 245-3700

March 6, 2003

James Stephens, Chief of the Mining Division
Arkansas Department of Environmental Quality
8001 National Drive, Building D
Little Rock, Arkansas 72209
Re:  Wilson Mine Reclamation Project
Garland County Arkansas
Reference Documents

Dear Mr. Stephens:

This letter presents a list of key references for the Wilson Mine reclamation project, which we
committed to send you during the site visit and briefing on November 12, 2002.

« Wilson Mine Site: Wetland Delineation and Mine Remediation, Garland
County, Arkansas, prepared by WEI August 1997 (962-051.060).

e Analysis of Pumping Tests, Wilson Springs Mine Site, Hot Springs, Arkansas,
prepared by Yancey & Associates, Inc. (YAI) November 5, 1997.

» Design Level Groundwater and Geotechnical Investigation, Lecroy Area, Wilson
Vanadium Mine, Garland County, Arkansas, prepared by WEI June 2000 (962-
051.132). '

» Techunical Specifications, Lecroy Area, Wilson Vanadium Mine, Garland
County, Arkansas, prepared by WEI Qctober 2002 (962-051.131).

¢ 2002 Annual Solid Waste Permit Report, Lecroy Mine Spoils Landfill, Hot
Springs, Arkansas, prepared by Umetco Minerals Corporation January 2001.

» Evaluation of Groundwater Conditions at the Wilson Springs Mine Site, Hot
Springs, Arkansas, prepared by YAI September 29, 1997.

* Geophysical Surveys to Map Processed and Unprocessed Mine Waste at the
Wilson Mine Site in Hot Springs, Arkansas, prepared by Blackhawk Geometrics
March 20, 1998,

* Construction Report, Wilson Creek, North Wilson Pond & T-Pit, Wilson

Vanadium Mine, Garland County, Arkansas, prepared by WEI May 1999 (962-
051.151) (twa).

03033 doc




James Stephens, Chief of the Mining Division
Arkansas Dept. of Environmental Quality
Page 2

» Construction Report, Spaulding Area, Wilson Vanadiuim Mine, Garland
County, Arkansas, prepared by WEI May 1999 (962-051.151).

e Disposal Cell 1 Seep Investigation, Wilson Vanadium Mine, Hot Springs,
Arkansas, prepared by WEI December 1999 (962-051.190) (two).

¢ Wilson Mine Surface Water Hydrology Study and Conceptual Drainage Plan,
prepared by WEI August 1996 (962-051.000).

¢ Wilson Mine Surface Water Hydrology Study and Conceptual Drainage Plan
Appendices, prepared by WEI August 1996 (962-051.000) (two).

If you need any of these reports for your records, please advise us, and we will have copies sent
to your office. If you have any questions concerning this information, please feel free to contact
me or Tom Gieck.

Sincerely,

.'-""/-'
Curtis O. Sealy, P.E.

General Manager
COS:HAS:ses

cc:  Timothy Kreese, Arkansas Dept. of Environmental Quality, Water Division
Gerald Delavan, Arkansas Dept. of Environmental Quality, Solid Waste Division
Tony Giles, Arkansas Dept. of Environmental Quality Solid Waste Division

03-033.doc







ADEQ INSTREAM AND RIPARIAN HABITAT Wl LS
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per sile to obtain a representative sample of the fish community inhabiting that site.

Habitat Number 2/ L Pool 2& Riffle Run

Measurcments (feet) Substrate Type (Score) Instream Cover (Score)
Length s Bedrock . X0a= Woody Debris P
Channel Width G Lg Boulder x1.0= Undercut Banks __J____
Stream Width H ‘*5 Boulder x1.0=__  Aquatic Veg o
Avg Depth ‘ h Rubble ‘ S x1.0= _J.S____ Hanging Veg
( Max Depth P Gravel 'QE) x0.5= m..:j?_ . Root Wads —
: ‘ Sand x01=_____  LeafyDebris .
. Mud/Silt x0.1= <

6

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5; Absent O

re (Note: Habitat scoring calegories arc assigned to substrate type and instream cover based on visual observations. Scores
‘ arc assigned {0 each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get a final score for each
substrate type category. The sum of all substrate type categories equals tic substrate type score. The same habitat
scoring categories are used for instream cover, The sum of all instream cover categories equals the instream cover
score)

Sedimentation on Substrate: / L‘F
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): gé:fj ,

Index of Habitat Integrity

Average Habitat Length (i.e. all pools or all riffles) multiplied by Average Habitat Score (i.e. all pools or all riffles)
mulliplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly
uniform size.
Pool: D itl 1 l l s \}E_/\]/ SLo“IV\)J (}k
:, ool: Deeper areas with relatively slow-moving water, . £
! Flon ool L08R

- Run: Intermediate areas of moderate current and depth,

\J C:\PFAQ62-05 N1 2 lmds\Form ADEQ Instream and riparisn Habitat Scoring.doc
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ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is

obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site,

Habitat Number & ﬁ Pool _Rifile Run

Measurements (feet) Substrate Type (Score) " Instream Cover (Score)
Length 20 Bedrock X x 0.1 = Woody Debris -
Channel Width [ LgBoulder = xl0= Undercut Banks 2~
Stream Width ( [ Boulder x1.0=_ Aquatic Veg ‘

Avg Depth & " Rubble I ‘ x10=_1| ! Hanging Veg 1

Max Depth ] ?./” Gravel {; x05=_35 Root Wads [
Sand /-7/ x0.1=_"0 Leafy Debris R S -

Mud/sile LS x01= . §

.7 [

Habitat Scoring Categories: Abundant 11-15;  Common ' 6-10; Sparce 1-5;  Absent 0

(Note: Habitat scoring categories arc assigned to substrate type and instream cover based on visual observations, Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get a final score for each
substrate type category. The sum of all substrate type categories equals tlic substrate type score, The same habitat
scoring categories are used for instream cover, The sum of all instream cover categories equals the instream cover

seore)

Sedimentation on Substrate: ”(/>
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): _ 3 i :7

Index of Habitat Integrity.

Average Habitat Length (i.e. all pools or all rifﬂcsj multiplied by Average Habitat Score (i.c. all pools or all riffles)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or grave! of a fairly

uniform size.
Pool: Deeper areas with relatively slow-moving water.

Run: Intermediate areas of moderate current and depth.

C:\PR\962-051\12 Imds\Form ADEQ Instream and riparian Habital Scoring.doc




Arkansas Department of Environmental Quality
Riffle Habitat Assessment

Stream Name | j\\spn € %9/

Station ID | NTLXC

Location (, < cf ruadh tv & qu/,g; !

Lat Long Date. S| oM Time [0 U/ :@ pm
i
Investigators Land Use Fos/Ssy
Form Completed By ~/MERaN Mean Velocity < J-fag Flow 2§z o ([
(vai -
Habitat Condition Calepary
Farameter Optimal Suboptimal Margina) Poor
Greater than 70% of | 40-70% mix of stable 20-40% mix of stable Lzss than 20% stable
L. Epilaunal substrate favorable habitat; well-suited for | habitat; Habiiat habitat; lack of habimt is
Substrate/ for epifaunal full colanization availability less than obvious; substrale
Available Cover colonization; mix of | potential; adequate desitable; substrate unslable or lacking
snags, submerged habitat for frequently disturbed or
logs, indercut banks, | maintenance of removed
cobble or other stable | populalions; presence
habitat and at stage o | of additional substrate
allow futl in the form of newfall,
colonization potential | but not yet prepared
(i.c. logs/snags that for colonization (may
are not new fall and rale at high end of
not transient) soale)
SCORE :
Gravel, cobble and Gravel, cobble and Gravel, cobble and Gravel, cobble and
2. Embeddedness | boulder particles are | boulder particles are boulder particles are boulder particles are
0-25% surtounded by | 25-50% sutrounded by | 50-75% surrounded by | more than 75%
fine sediment. {ine sediment {ine sediment surrounded by fine
* Layering of cobble sediment

provides diversity of

Parameters to be evaiuated In sampling reach

3. Velodty/Depth | velocity/depth

Regime regimes presenl
(slow-deep; slow-
shallow; fast-deep;
fast-shallow). (Slow
is<0.3 /s, deep iy
>0.5m

SCORE ARG SN
Litile or no

4. Sediment enlargement of

Deposltion islands or point bars
and less than 5% of
the bottom affecied
by sediment
deposition

SCORE L B Bl

ter reaches base

5, Channel Flow of both lower banks,

Statug and minirnal amount
of ¢charntuel subsirate
is ex

SCORE (99

Only 3 or 4 regimes
present (if fast-shallow
is missing, score lower
than if missing other
regimes)

Sorne new increase in
bar formation, mostly
from gravel, sand or
fine sediment; 5-30%
of 1he bottom affecled;
slight deposition in
pools

Water fills »75% of
the available channel);
or <25% of channe!
subsirate is exposed

Only 2 or 4 regimes
present (if fast-shallow
ar slow-shallow are
missing, scors low)

Moderats depositibnof
new gravel, sand or
fine sediment on old
and new bars; 30-50%
of the boltom affected;
sedimenl deposits at
obstructions,
constrictions and
bends; moderate
deposition of pools
prevalent

Water fills 25-75% of
the available channel,

and/or riffle substrates
are mostly exposed

Dominated by 1 regime
(usually slow-desp)

C/ﬂ\\‘l o’lm” W

Iegvy deposits of fine
material, increased bar
develapment; more lhan
50% of the bottom
changing lrequently;
pools almost absenl due
to substantial sediment
deposition

Very little waler in
channel and mostly
present as standing
pools

J)\D/’](

How dgwa
be 4 EFH)

4 M\Olﬂl <.




Habital Condition Category

Parameter Optimal Subaptimal Marginal Paor
Channelizdtion or Sorme channelization Channelization may be | Banks shored with
6. Chanuel dredging absent or present, usually in exlenisive; gabion or cement; ovar
Alteration minimal; sream with | areas of bridge embankments or 80% of the stream reach
normal pattern abulements; evidence shoring structures chatinelized and
ol past channelization, | present on both banks; | disrupled. lnstream
i.e., dredging, (greater | and 40 o 80% of habitat greatly aliered or
than past 20 yr) may streant reach removed entirely

be present, but recent channelized and
channelization is not disrupted
preseat

yal )
SCORE \ e SR LA g B asfr AR
! Octurrence of riffles | Ocourrence of viffles Occasional rilfle or Gererally all {lat water
; 7. Frequency of relalively frequent; infrequent; distance bend; botlom contowrs | or shallow riflles; poor
; RifMles (or beads) ralio of distance between riffles divided | provide some habitat; habitat; distance
between riffles by the width of the distance between between riffles divided
divided by width of stream is between 7 to | riffles divided by the by the width of the
the stream <7:1 15 width of the streamis | stream is & ration of >25
: (generally § ta 7); between 15 to 25
i variety of habilat is

key. In streams
where rilfles are

Parameters to be evalusted broader than sampling reach

continuous,
placcment of
boulders or other
large, natural
{ abstruction ig
important
; SCORE T e RO R S Y R i e N o R
Banks stable; Moderately stable; Moderately vnslable; Unstable; many eroded
8. Bank Stability evidence of erosion infrequent, small areas | 30-60% of bank in areas; "raw” arcas
. (Score each bank) or bank failurs absent | of erosion wwstly reach has areas of frequent along siraight
; or minimal; liltle healed over. 5-30% ol | erosion; high erosion sections and bends;
: potential for fulure bank in reach has areas | potential during floods | obvious bank sloughing;
problems. <5% of of easion 60-100% of bank has
o bank affected erosional scars
SCORE LB LR O R B N R SRR Sl =
SCORE RY e R "t
‘ L A0idih of riparian Width of riparian zone | Widlh of viparian zono | Widih of riparian zone
! 9. Ripsarian zone >18 m; human 12-18 ny; human 6-12 m; human <6 my; fittle or no
! Vegelative Zone aclivities (L.e. parking | activities have activitics have viparian vegetation due
i Width (Score ¢ach | lots, roadbeds, clear~ | impacted zone only impacted zone 2 greal | to human activities
bank riparian zone) | cuts, fawus, orcrops) | minimally deal
L have nat impacted
L zone

(Onch E1007
&\z\/v\v)

SCORE LB

SCORE RB NI AT AR R I8 b
TOTAL SCORE ] %/7
. , .
| NOTES Govd pate @ shalyw  rifAer oty pods,

| | .
]/)()6\( €& iy Fhar o wlb oy wik— T




Arkansas Department of Environmental Quality
Pool Habitat Assessment

Location n < @ q0sdh & o> g’

Stream Nawme (/J\\S(N) C g
Station 1D {/\)’LL\S‘ ’

Lat Long Date 5) nlov Time /(30 @ pm
Investigators Land Use [%, s <
Form Completed By ME HAJ\) Mean Velocity < ’ppS Flow S S pt0
Habitst Coadition Category
Parameter Optimal Suboptimat Marginal Poor
Greater than 50% of | 30-50% rix of stable 10-30% mix of stable Less than 10% siable
1. Epifaunal substrale [avarable habitat; well-suited for | habitat; habitat habitat; lack of habimt {8°
Subatrate/ for epifaunal full colonization availability less than obvious; subsirate
Available Cover colonizalion; mix of | poleatial; adequate desirable; substrate unstable or lacking
snags, submerged habitat for frequently disturbed or
logs, undercut banks, | maintenance of removed
cabble or other stable | populations; presence
habilal and at stage to | of additional subgtrate
allow full in the form ol newfall,
colonization potential | butuot yet prepared

{i.c. logsfsnags that
are nat new fall and
not transient)

SCORE

L=

%, Pool Substrate
Charzcterization

materials, with gravel
and firm sand
prevalent; root mats
and submerged

SCORE

BB

3. Pool Variability

Even mix of larg®™
shallow, larg-deep,
gmall -shallow,
small-deep poals
present

SCORE

RN s

Parameters to be evaluated in sampling reach

4. Sediment
Deposition

Little or no
enlargernent of
islands or point bars
and less (han 20% of
the bottom alTected
by sediment
deposition

o,

SCORE

5. Channd Flow
Status

Waler reachésbfse

of both lower banks,
and minimal amount
of channel substrate

SCORE

is cxpo'eed

Mtxtum orsubstmw

vegetalion common_~

?ﬂim&@m g SRR
Waler il >75% of

1x (] nfsoﬂ ssnd

Tor colonization (may
rale at high end of
scale)

mud, or elay; mud may
e dominant; some
root mats and
submerged vegetation
present

Majonty ofpools
large-deep; very fow
shaltow

LIRS T PR e 3

Some riew increase In
bar formation, mostly
from gravel, sand or
fine sadiment; 20-50%
of the bottom affected;
slight deprosition in
pools

the available channel;
ar <25% of channal
substrate is exposed

FS-5

All mud or clay or
sand bottory little or
1o 100t ynaty no
submerged vegetation

Shallow pools much
more prevalent than
detp pools

& ’?: o) S T
Moderate deposition of
new gravel, sand or
fine sediment on old
and new bars; 50-80%
of the bottorn aflected;
sediment deposits at
obstructions,
gonstrictions and
beridls; moderate
deposition of pools
prcvalcnt

Wawr fills 25-75% of
the available channel,
and/or riffle substyales
are mosily exposed

Hard-pan clay or
bedrock; no raot mat of
vegetation

.....

shallow aor pools sbsent

Heavy deposils of fine
malerial, increased har
development; tnore than
80% of the bottom
changing (requently;
pools almost absent due
1o substantial sediment
deposition

me lmlc water in
channel and mostly
present as standing
pools

= 5
Majonty ofpools small—

i,
% dy oAy




Habitat

Conditian Category

Parameter Optimsl Suboptimal Marginal Foor
Channelization or Some channelization Channelizalion may be | Banks shored with
6. Channel dredging absent or present, usually in exlensive; gabion or cement; over
Alterstion minimal; stream with | areas of bridge embankmoents or 80% of the stream reach
normal pattern abutemenls; evidence shoring structures channelized and
of past channelization, | present on both banks; | disrupted. [nstream
i.c., dredging, (greater | and 40 to 80% of habitat greally aliered or
than past 20 yry may stream reach removed entirely
be present, but recent, channelized and
channelization {s not disrupted
present

5 | SCORE O T e R AR TSI O A T A S R R

E The berls in 0& The bends in the Thi bends in the Channel straight;

sa | T+ Chaonel stream increase the stream inerease the stream increase the walerway has been

£ | Sinuesity stream Jerigth 3 10 4 stream lenglh 1 o 2 streamn <1 time longer { chanaclized (or a long

B times Jonger than if'it | fimes longer than ifit | than ifitwasina distance

= was in g straight line. | was in a straight line straight line

= (Note - channel

& braiding is

g considered normal in

" coustal plaing and

E other low-lying areas.

o This paraneder is not

bt . .

" easily rated in these

] areas)

o

& | SCORE R TR R AR AT DAE L res

2 Banks stable; Maderately stable; Moderatsly unble; Unstable; many eroded

E 8. Bank Stabllity evidence of erosion infrequent, small areas | 30-60% ofbank in areas; "raw” areas

G (Scare each bank) or bank faifure abgent | of erosion mastly reach has areas ol frequent along straight

E or minimat; little healed over, 5-30% of | erosion; high crosion sections and bends;

& potentia) for future bank in reach has areas | potential during floods | obvigus bank sloughing;
problems. <5% of of erosion 60-100% of bank has
bank affecied evosional scars

SCORE LB O T A G e [ 2 T e ] El B n s e
SCORERE____ |ousgaNIasiv it iy i v sho sy aionii e s s T
Width of nparian Width of riparian zone | Width of riparian zona | Width of riparian zone
9. Ripariun zons >18 m; hurman 12-18 m; human 6-12 m; human <6 m; liltle or no
Vegetatlve Zone sctivities (i.e. parking | activities have activities have tiparian vegelation due
Width (Score ¢ach | lots, roadbeds, clear- | jmpacted zone anly impacted zone a great | to human activities -
bank riparian zone) | cuts, lawns, orcrops) | minimally deal
have not impacted
zone
SCORE LB USSR i 4
SCORE RB IR v
TOTAL SCORE __ | (5
NOTES

F8-6

foad AY L0V
4 Nd




o ADEQ INSTREAM AND RIPARIAN HABITAT Wl L3
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores h

Example: The following is provided as a fictitious example to help explain how a habitat score is

obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

' Tabitat Number __ 2~ Pool AL Riffle Run

Measurements (feet) Substrate Type (Score) Instream Cover (Score)
P Length n_ji_” Bedrock x0.1= — Woody Debris P
é Channel Width & LgBouder ___ x10= Undercut Banks |
; Stream Width VL" - Boulder x1.0= Aquatic Veg
: Avg Depth _&M_‘ Rubble ' 3 x1.0=_| :S Hanging Veg L
( Max Depth 3! Gravel ) x05=_3 Root Wads e
f Sand x0.1= Leafy Debris .
Mud/Siit x0.1=
o e -

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5; AbsenLO

(Note: Habitat scoring categories arc assigned 1o substrate type and instream cover based on visual observations. Scores
arc assigned lo each substrate type then multiplied by a fixed number (0.1, 0.5, or 1,0) to get a final score for each
substrale type category. The sum of all substrate type categories equals tlic substrate type score. The same habitat
scoring categories are used for instream cover, The surn of all instream cover categories equals the instream cover

score) :

e ' ' Sedimentation on Substrate: [ %
' Sedimentation Score: None 11-15; Light 6-10; Noticeable [-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): _ ’Sgé

Index of Habitat Integrity

Average Habitat Length (i.e. all poats or all riffles) multiplied by Average Habitat Score (i.e. all pools or all rifflcs)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly
uniform size.
v grv shallw,
M v thpnsl ¢ ok

Pool: Deeper areas with relatively slow-moving water.

B Run: Intermediate areas of moderate current and depth.
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ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number l Pool 7&__“ Riffle . Run

Measurements (feet) Substrate Type (Score) Instream Cover (Score)
Length Bedrock o xO0l=____ Woody Debris 2
Channel Width © Lg Boulder X1.0= Undercut Banks [
Stream Width { O - Boulder . xlo= Aquatic Veg
Avg Depth S Rubble [ x10=_ /% Hanging Veg
Max Depth b Gravel 6. xos=_3 Root Wads o
Sand x0.1= Leafy Debris T
Mud/Silt — x0.1=
(S [3

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5;  Absent 0

(Note: Habitat scoring categorics arc assigned to substrate type and instream cover based on visual observations, Scores
arc assigned to ecach substrate type then multiplied by a fixed number (0.1, 0.3, or 1.0) to get a final score for cach
substrate type category. The sum of all substrate type categories equals tlic substrate type score, The same habitat
scoring calegories are used for instream cover. The sum of all instream cover categories equals the instream cover

score) ‘

Sedimentation on Subgtrate: f 1

s

Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): 40

Index of Habitat Integrity

Average Habitat Length (i.e. alt pools or all riffles) multiplied by Average Habitat Score (i.e. all pools or all riffles)
nultiplied by (.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or grave! of a fairly

uniform size.

Pool: Deeper areas with relatively slow-moving water. - LLT{LZ M“ gt y, oV (\)
AN

- H ‘f:f(f*\ on R tfe
Run: Intermediate areas of moderate current and depth, Se N {
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ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is (AL |
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number L _)__( Pool _Riffle Run
Measurements (feet) Substrate Type (Score) _ Instream Cover (Score)
Length M,Zj__Qm Bedrock x0.1= Woody Debris 3 8
Channel Width im LgBoulder = x1.0=__  Undercut Banks ‘ ]
Strearn Width | Boulder . x1.0=__  Aquatic Veg
Avg Depth e Rubble (] xto=_1} Hanging Veg
Max Depth 8 ! Gravel 5 x05=_4-5  Root Wads
Sand L x0.0=_°%  Leafy Debris 10
Mud/Silt 2 x0a=_‘% '

I a

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5;  Absent 0

(Note: Habitat scoring categories arc assigned to subslrate type and instream cover based on visual observations. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get a final score for cach
substrate lype categary. The sum of all substrate type categories equals tlic substrate type scare. The same habitat
scoring categories are used for instream cover, The sum of all instream cover categories equals the instream cover

scora)

Sedimentation on Substrate: / O J I i Ghv £ f-"“ ap HLEAL leg
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): 1.0

Index of Habitat Integrity

Average Habitat Length (ie. all pools or ail riffles) multiplied by Average Habitat Scare (i.e. all pools or all riffles)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size.
Pool: Deeper areas with relatively slow-moving water,

Run: Intermediate areas of moderate current and depth.
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Arkansas Department of Environmental Quality
Riffle Habitat Assessment

SweamName [y )sgd (red

Location ¢/¢¢k uu'gf SPe QL

Station ID WL t
Lat Long Date S/ / }/O L? Time O? ] () 2m) pm
Investigators Land Use e/t o
Form Completed By s £ UAN/ Mean Velocity | €.« Flow_ & Gpr
Habitat Caonditiun Category
Parameter Optimal Suboptimal Marginal Poar
Crreater than 70% of | 40-70% mix of stable 20-40% mix of stable Less than 20% stable
1. Epifaunal gubstrate favorable habitat; well-suited for | habitat: habitat habitat; lack of habitt is
Substrate/ for epifaunal full colonization availability less than obvious; substraic
Availabls Cover colonization; mix of | potential; adequate desirable; subsirate unstable or lacking
snags, submenged habita¢ for frequently disiurbed or
logs, undercut banks, | maintenance of removed
cabbile or othér stable | populations; presence
habitat and at stage to | of adiitfonal substrate
allow full in the form of newfall,
colonization potential | butnot yel prepared
(i.e. logs/snags that for colonization (may
are got new fall and rate at high end of
not transient) scale)
SCORE P e R b o e B L R R T e i R O B R R Y
a Gravel, cobhle ant Ciravel, cobble and Gravel, cabbls and Gravel, cobble and
g | 2. Embeddedness | boulder particles are boulder particles are boulder particles ore boulder particles are
t 0-25% surrounded by | 25-50% sucrounded by | 50-73% surrounded by | more than 75%
2P fine sediment. fine sediment fing sediment susrounded by fine
B, Layedng of cobble sediment
g provides divasity of
o ni¢ ce
g |SCORE L R R D P e A T B R S P e T B B e
o All four Oniy 3 or 4 regimes Only 2 ar 4 regimes Dominated by 1 regime
% 3. Velacity/Depth | velocity/depth present (if fast-shallow | prosent (if fast-shallow | (usually slow-deep)
% | Regime regimes present is missing, score lower | or stow-shallow are
{slow-deep; slow- than i’ missing other missing, scors low) .
é shallow; fast-deep; | regimes) GLo How 1) PP) ¢
r fast-shallow). (Slow . PP e
g is <0.3 Vs, deep is shalond porl
g >0.5m _
E SCORE Rk i O R L S O BN TS T TR B3
& Littls or no Sorm new increase in - | Moderate defosition-of | Heavy deposits of fine
4. Sediment enlargement of bar formation, mostly | wew gravel, sand or material, increased bar
Depasition islands or point bars from gravel, sand or fine sedirment on old development; more than
: and less than 5% of fine sediment; 5-30% and new bars; 30-50% | 50% of the bottom
the bottom alfected of the bottom affected; | of the bottom affected; | changing frequently;
by sedirent slight deposition in sediment deposits at pools almost absent duc
deposilion pools obstructions, to substantial sediment
constriotions and deposition
bends; moderate
deposition of pools
prevalent
SCORE R A R AR R e e B B R v e
Wai ches hase Water fills »75% of Water {ills 25-75% of  { Va&y litlle water in
5. Channel Flow of both lower banks, the available channel; the available channel, channel and mostly
Status and minimal amount | or <25% of channe and/or riffie substrates | present as standing
of channel substrate substrate is exposed are moslly exposed pools
is exposed
SCORE ;

</l

St

FS-3

e




Hahitat Condition Category
Parameter Optimal Saboptimal Marginal Poor
Channelizgtion or Soms channulization Chadanelization may be | Banks shored with
' 6. Chanonel dredging absent or present, usually in cxtensive; gabioa or kement; over
Alteration minimal; stream with | areas of bridge embankimenls or $0% of the stream reach
normal pattern abulements; evidence shoring structures channelized and
of past channelization, | present on both banks; | disrapted. Instream
i.c., dredging, (greater | and 40 to 80% of habitat greatly altered or
than past 20 yr) may stream reach remaved entirely
be present, but recent | channelized and
channelization iz not distupicd
present
SCORE

7. Evequency of
Riffles (or beuds)

relauvcly frequent;
ratio of distance
between riffles
divided by widih of
the stream <7:1
(generally 5 w 7);
variety of habitat is
key. In streams
where riffles are
continuous,
placement of
boulders or ather
large, natural
abstruction is
impariant

SCORE

8. Bank Stabliity
(Score each bank)

Parameters to be evalusted broader than sampling reach

Banks stable;
evidence of exosion
or bank filurc absent
or minimal; litle
potential for fulure
problems. <5% of
bank affected

SCORE LB

SCORE RH

2, et

9. Riparian
Vegetative Zone
Width (Score each
bank riparian zone)

Widdtof riparian
zone 18 m; human
activities (.e. parking
lots, roadbeds, clear-
cuts, lawns, or crops)
have not impacted

zone

SCORE LB

SCORE RB

65

TOTAL SCORE

NOTES

S U Aol
=

Ocsurreace of viffles
infrequent; distance
between riffles divided
by the width of the
stream {5 between 7 to
15

Vi eratc ys(ablc '
infrequent, sevall areas
of erosion mostly
healed oyer, "5-30% of
bank in reach has dreas
of erosion

e ey
=

Width of riparian zone

{2-18 m; huwman

activities have

impacted zone only

minimally

Oceasional riffle or
bend; botlom contours
provide somie habitat;
distance between
riffles divided by the
width of the stream is
between 15 to 25

] Modmtcly unslablc )

30-60% of bank in
reach has areas of
erosion; high erosion
potential doring floods

T

ARl AR e
Width of tiparian zone

6-12 m; human
activities have
impacted zone 8 great
deai

e LIE
Unstable; many eroded

R

Generally alt flat water
or shallow riffles; poor
habitat; distance
between rilfles divided
by the width of the
stream s a miien of 525

areas; "raw" areas
frequent along straight
seotions and bends;
abvious bank sloughing;
60-100% ofbank has
crosional scers

Width of riparian zons
<6 m; little or no
riparian vegetation duc
to human sctivities

fulstiarz  much Uowe , wWo CUASCE OF read

% A ez,

IFS-4

“/e

(ad o 71 ERY Lak F a0-50’




Arkansas Department of Environmental Quality
Pool Habitat Assessment

Stream Name

WILSoW /s k

Location } ol Lo, Sealz,

Lat Long Date S [ I(} 6(4‘ Time(f{-LS @ pm
Investigators Land Use F:O/f (3R )

Form Completed By m Zhan/

Mean Velocity_|[_ 75 Flow_Scon
[#4

F8-5

Habitat Condition Category
Parameter Optimal Suboptimal Margiual Poar
Greater than 50% of | 30-50% mix of stable 10-30% nx of stable Less than 10% stable
1. Epltauast substrale favomble habitat; well-suited for | habitat; habitat habitag lack of habiat is
Substrate/ for epilaunsl full colonization availability less than abvious; substrate
Avsilable Cover colonization; mix of | polential; adequate desirable; substrate unstable or facking
snags, submerged habitat for frequently dislurbed or
logs, undercut banks, | maintenance of removed
cobblé or other stable | populations; presence
habitat and at stage to | of additional substrate
allow full in the form of newfall,
colonization potential | but not yet prepared
(i.c. logs/snags that for colonization (may
are notnew falland « | maie at high end of
0ot transien() scale)
o | SCORE AT TR ;
: ‘5 Mixture of substrate | Mixturé of soft sand, Al mud ar clay or Hard-pan ¢lay or
& | 2, Pool Substrale | materials, with gravel | mud, or clay; mud may | sand botiom; little or bedrack; no root mat of
ﬁ” Characterization and firm sand be dominant; somes 8O o0t k) no vegetation
B prevalent; root mals o0t mats and submerged vegetation
E and submerged submerged vegetation
8 vegetation common present
— ""‘"‘-\-‘-._‘
T [Score 3
k| Even mix of targe- Hrity of pools Shallow poals much Majority of pools small-
% 3. Paol Variability | shallow, larg-deep, farge-deep; very few more prevalent than shallow or pools absent
gmall ~shallow, shallow deep pools /
= small-deep pools ‘ Sre. oo
E present
g
5 SCORE Y
5 Litlle or no Soroe new fncrease in | Moderale deposibion of | Heavy depasils of fine
] 4. Sediment enlargement of bar formation, mostly | new gravel, sand or material, increased bar
Deposition islands or polntbars | from gravel, sand or fine sediment on old development; more than
and less than 209 of | fine sedinemt; 20-50% | and new barg; 50-80% | 80% of the bottom
the boltom alTected of the battom affected; | of the bottom allected; | changing frequently;
by sediment stight deposition in seditment deposils at pools almost absent due
deposition pook obstructions, (o substantial sediment
constrictions and deposition
bends; moderate
deposition of pools
prevalent
SCORE
Water s base Water fills »75% of Water (ills 25-75% of | Very littls water in
5. Channel Flow of both lower bavks, | the availablo channel; | the available channel, channel and mosty
Status and migirmal amount, | or <25% of channet and/or riffle substrates | present as standing
of channel substrate | substeate i3 sxposed are mostly exposed poals
(s exposed .
SCORE Ll 5 X

S¢m¢g
Munpll4

l/‘JUUé IWAJ\}

"';lnf\} Vo
il -2




Habilat Coadition Category
Parameter Optimal Suboptimal Marginal Poor
Chaanelization or Sowme channelization Channelization may be | Banks shored with
§. Channel dredging absent or present, usually in extensive; gabion or cement; over
Alteration minimal; stream with { areas of bridge cmbankemeits or 80% of the stream reach
normal patiem abutements; evidence | shoring stuctures channetized and
ol past. channelization, | present on both banks; | distupted, Instream
1.e., dredging, (greater | and 40 to 80% of habilat grealy altered or
than past 20 yr) may stream reach removed enlirely
be present, but recent channelized and
channelization isnot disrupted
present
SCORE ot i o 5 3
The bends in the The bends in the The bends in the Channel straight;
7. Chaanel streamt increase the stream increase the stream fncrease the watcrway has been
Sinuoesity stream length 3 to 4 stream length 1 lo 2 stream <1 time lorger | channelized for a fong
times longer than if{t | times Tonger than ifit | than ifit wasin a distance
was in & straight line. | was in a straight line straight line
(Nole - channel
braiding i3
considered nonmal in
constal plains and ’ vl ASENEPNTY A +)(
other low-lying arcas,
This pararneter-is not
casily rated in these
areas)
SCORE

Parameters to be evalusted broader then sampling reach

8. Bank Stability
(Score each bank)

SCORE LD

Banks stable;
evidence of erosion
or bank failure absent
or minimal; little
potentiul for future
prablems, <5% of
bank affected

SCORE RB

9. Riparian zone >18 m; human

Vegetative Zone activities (i.e. parking

Width (Score each | lots, roadbeds, clear-

bank riparian zone) | culs, lawns, or crops)

have not impacted

SCORE LB S

SCORE RB EYUATU R
ToTAL SCORE | 7

NOTES

~ =S [rofé,i(* pols, N

Moderately stable;
infroquent, small areay
of erasion mostly
healed aver. 5-30% of
bank in reach has areas
of erpsion

arian zone
12-18 m; human
activities have
impacted zone only
miinimally

Moderately unstable;
30-60% af bank in
reach has areas of
erasion; high erosion
potential during floods

Width of riparian za
6-12 my; bhurman
dctivities have
impacted zons 2 great
deal

Unstable; many zroded
areas; *raw” areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
crosional scars

Width of riparian zone
<6 my; little or no

riparian vegetation dus
to human activities
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ADEQ INSTREAM AND RIPARIAN HABITAT WL~ L
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores S { I / 04
M

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

( | (2)

Habitat Namber X Pool Riffle __Run
Measurements (feet) Substrate Type (Score) Instream Cover (Score)
Length [2Q  Bedrock —— o x0d=___ Woody Debris __6_ .
Channel Width ) Lg Boulder xL0= _ Undercut Banks
' Stream Width G Boulder xL.0= Aquatic Veg —
" Avg Depth é‘} Rubble x L0=_ Hanging Veg
Max Depth 8" Gravel — x05=____ RootWads
Sand x0.1= Leafy Debris /3

Mud/Silt Ll xoa=_[Y K
Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5; Absent0

(Note: Habitat scoring categories arc assigned to substrate type and instream cover based on visual observations. Scores
are assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get a final scote for each
substrate type category. The sum of all substrate type categories equals tlic substrate type score, The same habitat
scoring categories are used for instream cover, The sum of all instream cover categories equals the instream cover

score)

Sedimentation on Substrate: ' l
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): _¢- ) a

Index of Habitat Integrity

Average Habitat Length (i.e. all pools or all riffles) muitiplied by Average Habitat Score (i.e. all pools or all riffles)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size. PWL; [50,4{(:) bhelow rond Orosg /G

Pool: Deeper areas with relatively slow-moving water.

Run: Intermediate areas of moderate current and depth.

CAPR962-05 1\ 2 lmds\Form ADEQ {nstream and ripasian Habitat Scoring.doc
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ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecalogists. There typically are multiple habitats (i.c. riffle, run, pool) sampled
per site 10 obtain a representative sample of the fish community inhabiting that site.

Habitat Number 7L Pool >< Riftle Run
Measurements (fect) Substrate Type (Score) Instream Cover (Score)
Length g {0 Bedrock x0.1= __ Woody Debris -
Channel Width [S __ LgBoulder x10= Undercut Banks
Stream Width L—I Boulder x1.0= Aquatic Veg

2! J e 3 6 ,
Avg Depth - Rubble - %) x1.0= Hanging Veg

Max Depth 2" Gravel ] x0.5 = Root Wads

L
Sand x0.1= _ Leafy Debris g
Mud/Silt | x0i=_[ |
. | a

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5;  Absent 0

(Note: Habitat scoring categories arc assigned to substrate type and instream cover based on visual observations. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to geta final score for each
substrate type category. The sum of all substrate type categories equals {lic substrate type score. The same habitat
scoring categories are used for instream cover. The sum of all instream cover categorics equals the instream cover

score)

Sedimentation on Substrate: L{
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): "__& 6. |

Index of Habitat Integrity

Average Habitat Lengfh (i.e. 2l pools or all riffles) multiplied by Average Habitat Score (i.e. all pools or all riffles)

muldiplied bYOOL - cidl .TL»& mPele R Réach.
DEFINITIONS Torel EAGY, wfele <[]0

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size.
Pool: Deeper areas with relatively slow-moving water.

Run: Intermediate areas of moderate current and depth.

CAPRG62-05 1\ 121 mds\Farm ADEQ lastream and riparian Habitat Scoring.doc
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ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number ) . é Pool R Riffle Run

Measurements (feet) Substrate Type (Score) Instream Cover (Score)
Length _Jj_Q__w Bedrock x0.l=___ Woody Debris 8
Channel Width |5 LgBoulder 1.0 = Undercut Banks l
Stream Width _ &  Boulder x 0= Aquatic Veg
Avg Depth . I:B'} Rubble - x10=__"2- Hanging Veg
Max Depth g4 Gravel x05=___  RootWads
Sand x0.1= ' Leafy Debris Ny
Mud/Silt (L x 0.1 =__§L3_,_,_ .
2

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5; Abseni 0

{(Note: Habitat scoring catepories arc assigned to substrate type and instream cover based on visual observations. Scores
arc assigned to each substrate type then mulliplied by a fixed number (0.1, 0.5, or 1.0} to get a final score for each
substrate type category. The sum of all substrate type calegories equals tlic substrate ype score. The same habitat
scoring categories are used for instream cover. The sum of alf instream cover categories equals the instream cover

score)

Sedimentation on Substrate: f
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): =]

Index of Habitat Integrity

Average Habitat Length (i.e. all pools-or all riffles) multiplied by Average Habitat Score (i.e. all pools or all riffles)
) multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

- uniform size.
Pool: Deeper areas with relatively slow-moving water.

Run: [ntermediate areas of moderate current and depth,

CA\PR962-05 \[2Lmds\Fonm ADEQ Instream and riparian Habitat Scoring doc
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. ADEQ INSTREAM AND RIPARIAN HABITAT
: Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number Pool Riffle X __ Run
Measurements (feet) Substrate Type (Score) Instream Cover (Score)
Length g( ) Bedrock e x0.1l= Woody Debris 2
i Channel Width {S  LgBoulder . x L.O= Undercut Banks o
o Stream Width ‘_‘( Boulder x1.0= Aquatic Veg —
: Avg Depth 3" Rubble 6 x1.0= W_émm Hanging Veg
;o Max Depth Y 7 Gravel 8 x05= ' Root Wads _”_J____ |
t : Sand x0l=___ Leafy Debris w_E_‘)_ﬁ s
| Mud/Silt L x01=_.6 |
)06 9

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5;  Absent 0

{Note: Habitat scoring categorics arc assigued to substrate type and instréam cover based on visual observations. Scores
| arc assigned to each substrate type then multiptied by a fixed number (0.1, 0.5, or 1,0) to get a final score for each
e substrate type category. The sum of all substrate typs calegories equals ilic substrate type score, The same habitat
scoring categorles are used for instream cover. The sum of all instream cover categories equals the instream cover
score)

Sedimentation on Substrate: 3
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): ;221« [

Index of Habitat Kntegrity

Average Habitat Length (i.e. all pools or all riffles) multiplied by Average Habitat Score (i.c. all pools or all riffles)
multiplied by 0.01 _

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly
uniform size.

Pool: Deeper areas with relatively slow-moving water.

= Run: Intermediate areas of moderate current and depth,

CAPRS62-05 1\ 2 Imds\Form ADEQ Instream and riparian Habitat Scoring.doc




Arkansas Department of Environmental Quality
Riffle Habitat Assessment

Location 30! J.5. ®pad cmssiAl

Stream Name ({560 ek

Station D (. |L =2

Lat Long Date S / Gl Time 0700 (@) pm

Investigators Land Use Feros +

Form Completed By /"™ F Ya Mean Velocity  ( Tay | Flow /0 gpn

v ¥
fabitat Condition Category
Parameter Oplivaal Subroptimai Marginal Poor

Greater than 70% of | 40-70% rvix of stable 20-40% mix of stable Less than 20% stable
{. Epifaunal substrate favorable habitat; well-suiled for | habitat; habitat habitat; lack of habitat is
Substeate/ for epifaunal full eolanization availability less than obvious; substrate
Avallable Cover colonization; rmix of | polential; adequate desirable; substrate unstable or facking

suags, submerged habitat for frequently disturbed or

logs, undercut banks, | maintenance of removed

cobble or other stable | populations; presence

habitat and at stage to | of additional substrate

allow full in the form of newfall,

colonization potential | but not yet prapared

(i.c. logs/snags tha for colonization (may

are pot new fall and rate at high end of

not transicat) scale)
SCORE ]

= Gravel, cobble and Gravel, cobble and Gravel, cobble and Gravel, cobble and

¢ | 1. Embeddedness | boulder particles are | boulder particles ave boulder particles are boulder particles are

K 0-25% surrounded by | 25-50% surrounded by | 50-75% surrounded by | more than 75%

o (ine sediment. fine sediment fine sediment surrounded by [ine

= Layering of cobble ’ sediment

§ provides diversity of

e niche space

o SCORE :

- All four Only 3 or 4 regimes Only 2 or 4 regimes Dominated by I gime

2 | 3. Velocity/Depth | velocity/depth present (if fast-shallow | present (if fost-shaflow { (usually slow-deep)

% | Regime reginwes present is missing, score lower | or slow-shallow are

X (sl,'lo‘iwdecp; slow- than if mdssing other missing, score low) ,

2 shallow; fast-deep; regimes) W ’ .

r fast-shatlow). (Slow o “1 Fret shal

£ is <0.3 wvs, deep is

B >0.5m . i

L [ SCORE ;

I IS E MO Littlearno .~ *« * |:Somemnew increasein | Moderate depoaition of vy deposits of fine
enlargeraent of »% i bar forihation, mostly | new gravel, sand or materiat, increased bar
fslands or pointbars’ ¢} fiditht gravel, sand or fine sediment on old development; more than

S 45N and less than 5% of | ‘findBodiment; 590% | and new bars; 30-50% | 50% of the bottorn
L0 i the bottom affected of the hottom affected; | of the bottom affected; | changing [requently;
) 5 ",‘44"1 by sediment slight deposition i sediment deposils at pools almost absent due
i - W5 Heposition pools . abstructions, to substantial sediment
i L constrictions and deposition
4 } ' bends; fnodcmm
T s = \ deposition of pools
¥ ,; B l; T RRER prevalent
SCORE v = L
Water roaches base Waier (lls >75% of Water fills 25+75% of | Very littls water in
5. Channel Flow af both lower banks, | the availabls channel; | the avallable channel, channel and mosily
Status and minimal armount | or <25% of channed and/or riffle substrates | present as standing
of channel substrate | substrate is exposed are mostly exposed pools
is exposed . ,

N

FS-3

=]

W




Habitat Conditlon Category
Facameter Optimal Suboptimal Marginal Poor
Channclizftion or Some channelization Channelization may be | Banks shored with
6. Channd dredging absent or present, usually in extensive; gabion or cement; over
Alteration minimal; stream with | areas of bridge embankments or 80% of the stream reach
normal pattern abutements; evidence | shoring struciures channelized and
of past channelization, | present on both banks; | discupted. Instream
i.e., dredging, (greater | and 40 to 80% of habitat greatly alteced or
than past 20 yr) may sirearn reach removed entirely
he present, but recent channelized and
channelization is nol disrupted
present
SCORE ) ;
Oceurrettegof riffles | Occuwrence of riffley Oceasional riffle or Geaerally all flat water
= | 7. Frequency of latively frequent; infrequent; distance bend; bottom contowrs | or shallow riffles; poor
E Ri(fles for bends) | ratio of distance batween riflles divided | provide some habitat; | habitat; distance
- between riffles by the width of the distance between between riffles divided
= divided by width of | streamis between 7 1o | riffles divided by the by the width of the
E“ the stream <7:1 15 width of the streamis | stream is a ration of >25
g (genenally 5 ta 7); between 15 to 25
g variety of habitat is
£ key. In streams
& where riflles are
-} continuous,
E placement of
o boulders or other \ .
4 farge, natural
-§ abstruction is
] important,
2 | SCORE ] : :
8. Banks stable; Gderately stable; Modertely unstable; Unstable; many exoded
B | 8. Bank Stability evidence of erosion infrequent, smal) areas | 30-60% of bapk in arcas; "raw" greag
£ | (Scors each bank) or bank failure absent | of etosion mostly reach has aveas of frequent along straight
5 or minimal; liitls healed over. $-30% of | ¢rasion; high erosion sections and bends;
o potential for future bank in réach has areas | potential during floods | obvious bank sloughing;
& problems. <5% of of erosion 60-100% of bank has
bank affegled erosional scars
SCORE LB Rl S LA Rk i ; FEL B ST,
SCORE RB ity Rt e
Width oReffarian Width of riparian zone | Width of ripavian zone | Width of riparian zonie
9. Riparian zone >18 m; humam 12-18 wy; human 6-12 m; hurnan <6 m; little or vo
Vegetative Zone activities (.o, parking | activities have activities have riparian vegelation due
Width (Scorecach | lots, roadbeds, clear« | tmpacied zone only impacted zone a great 10 human activities
bank rparian zone) | cuts, lawns, ovcrops) | minimally deal
have not impacted .
zone
SCORE LR G ER e Rl [ RO T RO
SCORE RB B R L e LG S nOR T DT R R &
A L
ToraLscore | (.S

NOTES. rltad  1s or b Rank ¥ 60| Uoad crosaNC £ 1207

U S. 1< lercs Soucce oF Ssdimint W Fhis veath.
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Arkansas Department of Environmental Quality
Pogl Habitat Assessment

, - R £ !
Strearn Name A \[JSC)!\) Creg k Location < [:(, A. & VLAO&()\ C 055\ A,
%4
StationID |} LL—")
Lat Long Date § / 0 ! o Time{ 4 [ § ((am) pm
Investigators Land Use ;’:0 53
Form Completed By ~ MEHa ]\J Mean Velocity <. [ WDI,Q Ly Flow_/ O AL
Hahltst Condition Categary
Rarameter Optimal Suboptimal Marginal " Poor
Greater than 50% of | 30-50% mix of stable 10-30% mix of stable Less than 10% stable
1. Eplfaunal substrate favorable habitat; well-suited for | habitat; habitat habitat lack of habitat is
Substrate/ for epifaunal full colonization availability less than obviaus; substrate
Avialinble Cover colonization; mix of | potential, adequate desirable; substrate unstable or lacking
. snags, submerged habitat for frequently disturbed or
logs, undercut banks, | rmaintenance of rermoved

cobble or other stable | populations; presence
habitat and et stage o | of additional substrate
alfow {ull in the form of newfall,
colonization potential | but not yet prepared
(i.e. logs/snags that for colonization (ray
are natnew fall and rate at high end of

not trangient) scale)
SCORE EOERELERLE ’

Mixmre of substrale Mixture of soit sand, Allmud orelay or Hard-pan clay or
2, Pool Substrate | materials, with gravel | mud, or cley; mud may | sand bottom; litile or bedrock; no root mat of
Characterization and firm sand be domiinant; sorme '] no root mat; no vegetation

prevalent; root mats roo! mats and submerged vegetation

and submerged submerged vegetation

vegelation coruton preseut

Parameters to be evaluated in sampling reach

SCORE__ S AN T BERE G
Even mix of large- Majority of pools Shallow poals mich Mijority of pools small-
3. Pool Variability | shallaw, larg-deep, large-deep; very few mare prevaleat than shallow or pools absent
smiall -shallow, shalfow desp pools
small-deep pools
present
SCORE ; b R R R R TR AR A e 2y
Litile or no Sarme new increase in . %] Moderate depogition of vy deposits of fine
4. Sedimeut culargernent of bar formation, mostlf{.'fu, snew gravel, sand or mateial, increased bar
Depositdon istands or point bars fiom gravel, sandon. |, | fine sediment oa ald development; more thart
and less than 20% of | fine sediment; 20-50% i} jand now bars; 50-80% | $0% ofithe batiom- «f '
the bottomaflected | of the bottom affecteg i of the bottom affected; | bhanging frequently;:
by sediment slight deposition i " |"sediment deposils at, » Is almost dbsent due. |
deposition pools S, obstructions, « oy} lo substantial sediment
constrictions and %, -Hepadition
bends; moderate -+ N 1 :
deposition of pools .
“provalent H i i
SCORE

&

A 3 n
5, Chanadl Flow of both lower banks, | the available channel; the available channel, channel and enostly

Status and minimalamount | or <25% of chanuel and/or riffle substrates | present 2s standing
of channel subsirate substrate i3 exposed are mostly exposed pooks
is exposed e

SCORE R0 TSR S YA TG s Y i o y




EHubitat 4 Conditlan Category
Farameter Optimal Subioplimal Marginal Poor
Channelization or Some channellzation Chanoelization may be | Banks shored with
6. Channe dredging absent or preseat, usually in extengive; gabion or cement; over
Alteration minimal; stream with | areas of bridge ¢mbartkmienls or 80% of the stream reach
normal pattern abutements; evidence | shoring structures channelized and
of past chanmelization, | present on both banks; | disrupted. Instream
i, dredging, (greater | and 40 to 80% of habitat greatly sltered ov
than past 20 yr) may stream reach removed enlirely
ba present, but recent channelized and
channelization is not disrupled
I present
= | SCORE ; y
‘é The Bends in the The bends in the Tho bends in the Channel Straight;
@ 7. Chanael stream incresse the stresm fnereage the stream increase the waterway has been
£ | Sinuesity stream tength 3 to 4 stream length 1 to 2 stream <1 time fonge | channetized fora long
g' times longer than it | times tonger than ifit | thanilfitwasina distance
! a was in a straight line. '| was in a straight line straight line
g (Note - chennel
H braiding is
b consideved normal in
'g coastal plains and
! & other low-lying areas.
g This pacmeter is not
: K easily rated in thess
= areas)
. 5
? 4 [SCORE R e e
:1 b ] Banks stable; Moderately sty Moderstely unstable; Unstable; many eroded
L | 8. Bank Stabitity evidence of erosion infrequent, small areas | 30-60% of bank in areas; "raw" areas
© | (Scors each bank) or bank failure absént | of erosion mogtly reach has areas of frequent along straight
5 o minimal; little healed over, 5-30% of | crosion; high erosion sections and bends;
1 g potential for future bank in reach has arcas | potential during floods | obvious bank sloughing;
! problems, <5% of of erosion 60-100% af bank has -
. bank affected . erosional scars
SCORE LB R B R LR R ET R BN TR
- SCORE RB SELIEE ASEH G A R T e ;
P . Width of fyfarian Width of ripafian zone | Width of riparfan zone | Width of riparian zone
9. Riparian zone >1§ m; hurnan 12-18 m; hurnan 6-12 my; hurman <6 m little or rio
: Vegetative Zone - | activities (Le. parking | activitics have aclivities have riparian vegetation due
o Width (Score each | lots, roadbeds, clear- | impacted zone only irnipacted zove a great | to human activities
L bank riparian zone) | cuts, lawns, orcrops) | minimally deal
have not impacted
ZONe
R + [ 'score LB 10219 IR AT SR Bl
| : SCORE RB T G e LR T Bt
TOTAL SCORE _L O L\Jf
NOTES ~ pool - Spbstarz i JJ}S;'H- 1,/,/ S4.Me, (&e\’é&
. _Feww ragt tmw‘-s/ NG g [QM}:\X‘;W‘&
D y
. wovd_thovwel, spassz., Shalaw warer (35" )
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\/\[1\/ 1,5
ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores
Example: The following is provided as a fictitious example to help explain how a habitat score is

obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
" per-site to obtain a representatnve sample of the fish community inhabiting that site.

,,,,,,,,,,,,,, _______Pool Riffle ' & Run

Habitat Number
Measurements (feet) Substrate Type (Score) Instream Cover (Score)
Length 0 Bedrock | x01=_____ WoodyDebris 3
Channe! Width 35’3 - Lg Boulder , x1.0= Undercut Banks
Stream Width Q{E : Boulder x 1.0= Aquatic Veg
Avg Depth __3_“_“ Rubble i, x1.0=_ li Hanging Veg
Max Depth L Gravel [ { 2 x05=__ O Root Wads
Sand N x0i=_ 16 Leafy Debris Lo
Mud/Silt x0.1=

(56 S

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce [-5;  Absent 0

(Note: Habitat scoring categorics arc assigned to substrate type and instream cover based on visual observations. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get a final score for cach
substrate type category. The sum of all substrate type categories equals tlic substrate type score. The same habitat
scoring categories are used for instream cover. The sum of all instream cover categories equals the instream cover

score)

Sedimentation on Substrate: [ {
Sedimentation Score: None 11-153; Light 6-10; Noticeable 1-5; Excessive 0

‘Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): 3 | Q

Index of Habitat Integrity

Average Habitat Length (i.c. all pools or all riffles) multiplied by Avcmge Habitat Score (i.e. all pools or alf riffies)
multiplied by 0,01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size.
Pool: Deeper areas with relatively slow-moving water.

Run: Intermediate areas of moderate current and depth.

C:WPR962-05 N\ 2 mds\Form ADEQ Instrear and ripasian Habital Scoring.dos




WIL 2.

ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number ~ ]~ Pool . X _Riffle Run
Measurements ({eet) Substrate Type (Score) Instream Cover (Score)
Length ﬂ Bedrock x0.1= Woody Debris L
Channe! Width = Lg Boulder x1.0= Undercut Banks
Stream Width z Boulder x1.0= Aquatic Veg
: ‘ / .
Avg Depth o Rubble / x1.0=_ (] Hanging Veg ) .
Max Depth 3” Gravel m/ O x 0.5 = S Root Wads
. _ é . - 2
Sand g x0.1=_» Leafy Debris
Mud/Silt x0.1=
16+ - L‘L

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5;  Absent 0

(Note: Habilat scoring categories arc assigned to substrate type and instream cover based on visua! observations. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get a final score for each
subsirate type category. The sum of all substrate type categories equals tlic substrate type score. The same habitat
scoring categories are used for instream caver. The sum of all insiream cover categories equals the instream cover

score)

Sedimentation on Substrate: [ 3 .
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): 33 L

Index of Habitat Integrity

Average Habitat Length (i.¢. all pools or all riffles) multiplied by Average Habitat Score (i.e. all pools or all riffles)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size.

Pool: Deeper areas with relatively slow-moving water.

Run: Intermediate areas of moderate current and depth,

CAPR962-05 N 12 mds\Form ADEQ Instream and riparian Habitat Scoring.doc




ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores (N { Lo “_S'"‘

Example: The following is provided as a fictitious example to help explain how a habitat score is

obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffte, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number S _>_<» Pool Riffle Run

Measurements (feet) Substrate Type (Score) _ Instream Cover (Score)
Length 20 Bedrock x0.l=___ Woody Debris L
Channel Width Q Lg Boulder : x1.0=___ Undercut Banks

Stream Width S Boulder x1.0=__ Aquatic Veg

[

Avg Depth 8 ! Rubble
Max Depth 5“ . Gravel

x1.0= __LL Hanging Veg
x 0,5 = L_—{f Root Wads

L A SUOe R —

e

Sand x01=_vY  Leafy Debris RQ
Mud/Silt x 0.1 =_.'i.2w ’
156 L)

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5; Absent 0

{Note: Habital scoring categories arc assigned to subsirate type and instream cover based on visual observations. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get a final score for each
substrate type category. The sum of all substrate type categories equals tlic substrate type score, The same habitat
scoring categories are used for instream cover. The sum of all instream cover categories equals the instream cover

SC0re)

Sedimentation ou Substrate: [ /L
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): 3L

Index of Habitat Integrity

Average Habitat Length (i.e. all pools or all riffles) multiplied by Average Habitat Score (i.e. all pools or all riffles)
_ multiplied by 0,01

, — S Ve \yl\.ol\(/w [lm{)
DEFINITIONS oe\ ,
(P 1
Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly
uniform size. i 0 6&(‘7 Akl ) &, G e /

Pool: Deeper areas with relatively slow-moving water.

« W Stoimsmt

Run: Intermediate areas of moderate current and depth.

CAPR962-05 1M 2 1 mds\Form ADEQ Instream and riparian Habital Scoring.doc




Arkansas Department of Environmental Quality
Pool Habitat Assessment

¢ : 3,
Stream Name ‘\/J \\\SU“J Mg \('- Location d\'s‘: T“’P\“\\“} rOfao\ (f(ﬁ‘\&g\/\l »
Station ID NLL ™A w8 L
Lat___ Long Date_9 |1t ¥ Time OG0V @) pm
y B ] —
Investigators LandUse s ol ovomsd oA £ Fos
! Form Completed By A \\ar Mean Velocity, 2\ ,‘QQ X Elow / b gpmM
A Habitat ‘ Condition Catagory
Farameter Optimal Suboptintal Marginal Poor
Greater than 50% of | 30-50% wix ol stable 10-30% miix of stable Less than 10% stable
1. Epifaunal substrats favarahle habilat; well-suited for | habitat; habitat habitat; Jack of habitat is
Substrate/ for epifaunal full colonization availability less than obvious; substrate
Avallable Cover colonization; mix of | potential; adequate desirable; substrate unstable or lacking
) snags, submerged habitat for frequently disturbed or
! logs, ndercut banks, | maiilenance of removed
i cobble or other stable | populations; presence

SCORE

2. Pool Substrate
Characterization

Mlxmrco subslmlc

vegetation conumon

" Even mix of la

Parametery to be evaiuated in sampling reach

habitat and at slage lo
allow fult
colonization potential
(6. logs/snags that
are not new fall and
10t transient)

naterials, with gravel
and firm sand
prevalent; rool mats
and submerged

of additional substrate
in the form of newikll,
but nol yet prepared
for colonization (may
rale at high end of
scale)

mud, or clay- mud may
be dominant; some
rool mals and
submerged vegelation
present

Majanty of pcok

3. Pool Variability | shallow, Larg»docp, large-decp; very few
. small -shallow, shallow
L small-deep pools
present
P SCORE B R A N A R
!L i Little or no Some new increase in
. 4. Sediment enfargement of bar formation, mostly
Deposition islands or poinl bars from gravel, sand or
¢ and less than 20% of | fine sediment; 20-50%
P the boltom allected of the bottom affecied;
o by sediment slight deposition in
deposition pools
L
SCORE B S e A s B Y R
' 3 Water redohes base Water fills »75% o
i 5. Channel Flow of both lower banks, | the available channels
L Status and minimal amount | or <25% of channel
of charinel substrate | subsirate is exposed
| is cxposod
SCORE 83

F8-5

M) T

sand bottony; litile or
no rool mat; no
submmrged vegetation

T 'Majonty ofpoosmalb

maore prevalent than
deep pools

B B AR A BT

Moderaie deposition of
new gravel, sand or
fine sediment on old
and now bars; 50-80%
of the battom affected;
sedinent deposits at
obstructions,
constrictions and
bends; moderate
deposition of pools
prevalent

Water fills 25-75% of
the available channel,
and/or riffle substrates
are maostly expozed

jotecns ype |
All mud or clay or

3 ‘3 e P
)

Hard-pan c!ay or
bedrock; no rool mat of
vegetation

shallow or pools absent

Heavy dep6sits of fme
maferial, increased bar
development; more than
80% of the bottorm
changing frequenty;
pools almost absent dug
1o substantial sediment
deposition

Very little water in
channel and mostly
preseut as standing
pools

W+/ 3 i
C‘lifp.'




Habitat Coudition Categary
P'mme.ter Optimal Suboplima) Marginal Poor
Chaanelization or Some channelization Channelization may be | Banks shored with
6. Channel dredging absent or present, usuaily in exfensive; gabion or cement; over
Alteration minirnal; stream with | areas of bridge embankments or 80% of the stream reach
normal patiem abutements; evidence shoring structures channelized and
of past channelization, | present on both banks; | distupted. Instream
i.e., diedging, (greater | and 40 to 80% of habitat greatly altered or
than past 20 yr) may stream reach remaved enlirely
be present, bul recent channelized and
channelization isnot disrupted
present

5 SCORE

g The beuds in the The bends 1 he The bends in the Channel straight;

w | 7. Chanoet stream increase the stream increase the stream increase the waterway has been

& | Sinuosity stream fength 3 10 4 stream length 1 1o 2 stream <1 time Tonger | channelized (or a long

B times fonger than ifit | times longer thanifit | thanifit wasina distance

g vras in a straight line. | was in a straight line straight fne

g (Note ~ channel

£ braiding is

) considered normal in

B coastal plains and

g other low-lying areas.

g This patamzter is not

n casily rated in these

= areas)

2

& [ SCORE - ;

] Banks stable; Moderately stable; Moderately unsiable] Unstable; many eroded

E 8. Bank Stability evidonce of erosion infrequen, small areas | 30-60% of bank in areas; "raw" areas

< (Scare each hank) or bank failure absent | of erosion mostly reach has arcas of frequent along straight

g or minimal; little healed over, 5-30% of | erosion; high erosion sections and bends;

& potentizl lor future bank in reach has areas | potential during floods | obvious bank sloughing;
problems, <5% of of erosion £0-100% of bank has
bank affected 4 erosional scars

SCORE LB Uiy A, RN R e AR R IR S e e
SCORE RB B IR s e i g e e s e R S el
Width of dparian Width of riparian zone | Width of riparian zone | Widlh of riparian zone
9. Riparian zomne>18 m; human 12-18 m; human 612 m; humem <6 m; little or o
Vegelative Zone netvitics (i.c. parking | activitivs have activitics have riparian vegetation due
Width (Score each | lots, roadbeds, clear- | impacied zone only impacted zone a great | to human activities
bank riparian zone) | cuts, lawns, or erops) | minimally deal
have not impacted
SCORELB v
; SCORE RE R
TOTAL SCORE
«,
notes___ Paston of <tk 7 RLoed Ofs 13 OGN

Stea 1 Gy
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Arkansas Department of Environmental Quality
Riffle Habitat Assessment

Stream Name

Wisee el

Location C/t/v&'. P Aond Crosgng- sk T=p ;\g

“gw ‘\AL\\"A\\

C;Lvamff,/
Ve Y
Sedf

StationID | \lF) — 3, C .
Lat Long Date § ! [’b{’ ()H Time_1:30 (a\@ pm
Investigators ' Land Use' (EeAmemTd v, Foss )
Form Completed By Mg Ha Mean Velocity < | Pps  ~“Flow {() & ae-
f i
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
Greater than 70% of | 40-70% mix of stable 2040% mix of stable Less than 20% stable
1. Epifaunal substrate favorable habitat; well-suited for | habitat; habitat habitat; lack of habitat is
Substrate/ for epifaunal full colpnization availability less than obvious; substrate
Available Cover colonization; mix of | potential; adequate desirable; substrate unstable or lacking
snags, subowrged habitat for frequently disturbed or \
logs, undercut banks, | mainlenance of removed
cobble or other stable | populations; presence fori ’\A Ei f]M [QQ’I %
habital and al stage o | of additional substrale
allow full , in the form of newfall,
colonization potential | but nol yet prepared
(i.e. logs/snags that for colonization (may
are pot new fall and rale athigh end of
nof transient) seale)
SCORE I o B R TR A RO R B PR R A ]
- Gravel, cobble and Grravel, cobble and Gravel, cobbls and Gravel, cobble and
g | 2. Embeddedness | boulder particles are | boulder particles aro boulder particles are boulder particles are
4 0-25% surrounded by | 25-50% surrounded by | 50-75% surrounded by | more than 75%
- fine sediment. fine sedirment fine sediment surrounded by fine
B Layering of cobbls sediment
B provides diversity of
- nic ace
= | SCORE ". 749 BIGEr Sl gl S SN S SR TR R
2 N Al Only 3 or 4 regimes Only 2 or 4 regimes Dominated by 1 regime
2 1 3. Velocity/Depth | velocity/depth present (if fast-shallow | present (if fast-shallow | (usually slow-deep)
% | Reglme regimes present is missing, score lower | or slow-shallow are
¥ (slow-deep; slow- than if missing other misging, score low) O ,\A\,I Fl\ w R [
e shallow; fasl-dexp; regimes)
I fast-ghallow). (Slow
& is <0.3 Vs, deep is
E >05 m
5 [SCorE A R L T D e S RS R i e e R Y
A Little orno Some new increase in | Moderate deposition of | Heavy deposits of fing
4. Sediment enlargement of’ bar formation, mostly | new gravel, sand or material, increased bar
Deposition islands or point bars from gravel, sand or fine sedirment oo old development; more than
and less than 5% of fing sediment; 5-30% and new bars; 30-50% | 50% of the baltom
the bottom afTected of the battom aflected; | of the bottom affected; | changiag frequently;
by sediment slight deposition in sediment deposils at pools almost absent due
deposition pools obstructions, 10 subsiantial sediment
constrictions and deposition
bends; moderate
deposition of pools
prevalenl
SCORE LR R R A RS Ry o7 %0
‘Water reaches base Water fitls >75% of Waler fills 25-75% of | Verylittle waler in
5. Chaund Flow of both lower banks, | the available channel; the available channel, channe] and mostly
Status and minimal amount | or 25% of channel and/or rifflle substrates | present as slanding
af channel substrate | substrate is exposed are moslly expased pools
is exposed
SCORE

SRS
g Tt AR

N\

SRR T W o
Lol
ISR LRI -

o ('7 : Wl&l(.)




7. Freguency of
Riflles {or beads)

SCORE

8. Bank Stability
{Score zach bank)

Parameters to be evalusted brosder than sampling resch

Banks sta -

SCORE LB

SCORE RB

9. Rliparizn
Vegetative Zoae
Width (Score cach
bank tiparian zone)

Occurrcncc of riffles
relatively frequent;
ralio of distance
betwaen riflles
divided by width of
the stream <71
(genenally 5t0 7);
varicty of ubital is
key. In strearns
where riffles are
continuous,
placement of
boulders or other
large, fintural
obstruclion is

evidence of erosion

1 or bank failure absent

or minimal; little
potential for future
problems. <5% of
bank affected

=

zone > 18 tm; human
activities (I.e. parking
lots, roadbeds, clear-
cuts, lawns, or crops)
have not impacled
zone

SCORE LB

SCORE RB

TOTAL SCORE \ 3%

NOTES

V\/{fﬂQd wis, %

Geourrence of riffles
infrequent; distance
between riffles divided
by the widih of the
stream is hetween 7 (o
15

Moderately stable;
infrequent, small areas
of erosion mostly
healed over. 5-30% of
bank in reach has argas
of ernsion

AR e ! g £ it e
A R T RG] %
Width o

Width of riparian zone
12-18 m; human
activities have
impacted zane only
minimally

Oceasional riffle or
bend: bottora conlotrs
provide somme habilat;
distance between
riffles divided by the
widih of the stream is
between 15 {0 25

faderately unstable;
30-60% of bank in
reach has areas of
erosion; high erosion
potential during floods

(o ';‘b Tl ) ,L

= gt i
Wldlh ofﬂpan:m zone
6-12 m; human
activities have
impacted zong a great
deal

R AU :;e : S5k

5 I\g‘." 4 l'ggi' !'v 7

Habjtat Condition Category
Preameter Optimal Subaptimal Marginal Poor
Channelizstion or Some channelization Channclization may be | Banks shored with
6. Channel dredging absent or present, usually in oxtensive; gabion or cement; over
Alteration minimal; stream with | areas of bridge cmbankments or 8% of the stream reach
normaf patiem abuteroents evidence | shoring structures channelized and
of past channelization, | present on both banks; | distupted. Instream
i, dredging, (greatee | and 40 10 80% of habitat greally altered or
than past 20 yr) may stream reach removed entirely
be present, but recent channelized and
channelization is not disrupted
present
SCORE

Generally sl flat water
or shallow riffles; poor
habitat; distance
batween riffles divided
by the width of the
stream is & ration ol >25

areas; "raw" areas
frequent along straight
sections and bends;

obvious bank sloughing;

60-100% ol bank has
erosional scars

5

25

Width of riparian zone
<6 m; little or nio
riparian vegelation due
to human achivities
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ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is [/\J } L"S

obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

® Habitat Number _ k ﬁ Pool Riffle Run

Measurements (feet) Substrate Type (Score) ' Instream Cover (Score)
~ Length S,g ) Bedrock x01=___ - Woody Debris A
¢ Channel Width S Lg Boulder x10= Undercut Banks 2
Stream Width S Boulder  xl0= Aquatic Veg
Avg Depth % ‘' Rubble e xl0= Hanging Veg ‘
Max Depth L2 Gravel | x05=_.6 Root Wads 5

Sand [ { ’ x 0.1 =,.._’-_l.u_, Leafy Debris (i,
Mud/Silt [ x01=_.] 7
Gl

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1- S Absent 0

(Note: Habitat scoring categories arc assigned to substrate type and instream cover based on visual observations. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get a final score for each
substrate type category. The sum of all substrate type categories equals tlic substrate type scare. The same habitat

‘scoring categories are used for instream cover. The sum ofall {ustream cover categories equals the instream caver
sc0re)

o
Sedimentation on Substrate: 6 Sons f‘i,o)) F{
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive '

% -
Habitat Scor’é%um Substrate Type, Instream Cover and Sedimentation): go\ L

p Indcex of Habitat Integrity
Average Habxtat Lcugth (i.c. all poole or all riffles) muitiplied by Average Habitat Score (i.¢. all pools or all riffles)
- multiplied by 0.01 .
:7
DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a faxrly

uniform size.
Pool: Deeper areas with relatively slow-moving water, IR \1 NY LU\J} ‘Fufm en)
Run: Intermediate areas of moderate current and depth, SWR~ (L

~der ros ssd hhed

C:A\PRO62-051\12 I mds\Form ADEQ Instream and riparian Habitat Scoving.doc Ay ! - g




ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores W V-5

Exaxaple: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number s X Paol o Riffle Run

Measurements (feet) Substrate Type (Score) Instream Cover (Score)

Length SO Bedrock x0.l= ' WoodyDebris o

Channel Width .3 LgBoulder | x1.0=__| Undercut Banks g

Stream Width > Boulder - xl0= Aquatic Veg —

Avg Depth _BY Rubble x1.0= ____ Hanging Veg

Max Depth L '5:7 Gravel . x0.5= ME__W Root Wads 7
Sand / x0.1=_,/ Leafy Debris _L
Mud/Silt Wi

x0.1= 7/ 357
8.4
6-10;

10; Sparce 1-5;  Absent 0

Habitat Scoring Categories: Abundant 11-15; Common

(Note: Habitat scoring categories arc assigned to substrate type and instream cover based on visual observatious. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or [.0) to get a final score for each
substrate type category. The sum of all substrate type categories equals tlic substrate type score. The same habitat
scoring categories are used for fnstream cover, The sum of all instream caver categories equals the instream cover

score)

Sedimentation on Substrate: \B
«. Sedimentation Score: None 11-15; Light 6-10; Noticeable,l-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): Lf() :L:E
Index of Habitat Integrity

Average Habitat Length (i.e. all pools or all riffles) multiplied by Averape Habitat Score (i.e. all pools or all riffies)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size. - Goud Wk, ¢ o batV ko
Pool: Deeper areas with relatively slow-moving water. 90T Lwmhs , voitd
: - +
Run: Intermediate areas of moderate current and depth. Chevatd gub gk ed T/

CAPI962-05 12 Imds\Form ADEQ Instream and riparian Habitat Scoring.doc
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ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat scare is

obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number 3 Pool . . Riffle 2132 Run

Measurements (feet) Substrate Type (Score) Instream Cover (Score)
Length 20 ’ Bedrock x{0.1=___  Woody Debris _j___
Channel Width g" Lg Boulder x1.0= Undercut Banks 5
Stream Width 3’ Boulder ——— . xlo= Aquatic Veg —
Avg Depth 6" Rubble "L x10=_"7~  Hanging Veg
Max Depth [ ' Gravel - _ J__?:_: x05=_C Root Wads ¢
Sand 3 x0.0=__,5  LeafyDebris é
Mud/Silt S x01=_,5 1.8
| 2 G “

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce [-5; Absent ()

(Note: Habitat scaring categories arc assigned to substrate type and instream cover based on visual abservations. Scores
arc assigned to cach substrate type then muliiplied by a fixed number (0.1, 0.5, or 1.0) to get a final score for each
substeate type category. The sum of all substrate type categories equals tic substrate type score. The same habitat
scoring categories are used for Instream cover. The sum of all instream cover categories equals the instream cover

score)

Sedimentation on Substrate: / O
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): (_{?» %

Index of Habitat Integrity

Average Habitat Length (i.c. all pools or all riffles) multiplied by Average Habitat Score (i.e. all pools or all riffles)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size.
Pool: Deeper areas with relatively slow-moving water.

Run: Intermediate areas of moderate current and depth.

CAPFY62-05 1\12 lmds\Form ADEQ Instream and riparian Habitat Scoring.doc




Arkansas Department of Environmental Quality
Pool Habitat Assessment

Stream Name

Wllsod Treak

Location A . putfal)

g o)

Satond (L 5 _

Time (015 @ pm

Lat Long Date ‘S“‘}) ‘gl] Oy
i
Investigators Land Use po o o1 o A N
Form Completed By v 2y ) Mean Velocity | Cex Flow_ | $7% Cg a0
Habitat Condition Category
Parameter - Optimal Suboptimal Marginal Paor
Greater than 50% of 1 30-50% mix of stable 10-30% mix of stable Less than 10% stable
1. Epitaunal substrate favorable habitat; wefl-suited for | habitaty habitat habilat; lack of habitat is
Substrate/ for epifaunal full colonization availability 201 obvious; substrate
Avasilable Caover colonization; mix of | potential; sdequate _desimble; substrate unstable or lacking
snags, submerged habiiat for frequently disturbed or
logs, undercut banks, | maintenance of rermoved
cobble or other stable | populations; presence
habitat and at stage to | of additional substrate
allow full in the form of newfall,
calonization potential | bulnat yet prepared
(1.¢. logs/snags that for eolonization (may
are not new fall and rate at high end of
not trausient) scale)
SCORE I R T T R TS 3
% Mixturc of substrate | Mixture of soft sand, ud or clay or Hard-pan clay or
L 2, Pool Substrate | materials, with gravel | mud, or clay; mud may | sand bottom; littls or bedrock; no root mat of
& | Charsctecization | and firm sind be dominant; some 10 roat mat; no vegetation
= provalent; rool mals root mats and submerged vegetation
g and submerged submerged vegetation
& vegetation common present
T [SCORE R RS Rl IS ; :
H _ Bven mix of brge- Majority of Shallow paols much Majority of paols stnall-
£ | 3. Yool Variability | shallow, larg-deep, large-deep; very few raores prevalent than shallow or poals absent
o small -shallow, shallow deep pools
S stati-desp pools
present :
5
“©
g SCORE NS T G|
= Littie or no Soms new increase in Moderate deposition of | Heavy deposits of fine
B¢ | 4, Sediment sulargement of bar formation, mostly | now gravel, sand or material, increased bar
Depasiton islands er point bars from gravel, sand or fine sedimenl on ald development; more than
and less than 20% of | fine sediment; 20-50% | and new bers; 50-80% | 80% of the botiom
the bottom aflected of the bottom affested; | of the bottom affected; | changing frequently;
by sediment slight deposition in sediment depostts at pools almost absenl due
depasition pools obstructions, 1o substantial sediment
constrctions and deposition
bands; mederate
deposition of pools
prevalegt
SCORE fii B oA
Water reaches base Water fills >75% of Water fills 25-75% of | Very littls water in
5. Channel Flow of both lowey banks, | the available channel; | the available charinel, | channel and mostly
Status and minimal amount | or <25% of channel and/or riffle substrates | present as standing
of channel substrate substrate is exposed are mostly expased pools ’
SCorgp

ES-5




Parameters to be evalusted broader than sampling reach

was in a stralght line.
{Note - channel
braiding is
considered normal in
coagtal plains and
other low-lying areas.
This pararreder is not
sasily rated in these

TOTAL SCORE / (%9

NOTES

Luag.

was in 4 straight line

Ny J(”CJ\[J e Ade

straight ling

Q(’)N\"L

Habitxt Condition Category
Farameter Oplimal Subaptimal Marginal Poor
: Channelization or Sorme channelization Chaonelization may be | Banks shored with
6. Chapnel dredging absent or preseat, usually in exlensive, gabion or cement; over
Alteration moinimal; stream with | areas of bridge embankmenis or B0% of the stream reach
normal pattem abulements; evidence shoring structures channelized and
ol past channelization, | presenl on both banks; | disrupfed. Instream
i.e., dredging, (greater | and 40 to 80% of habitat greatly altered or
than past 20 w) may stream reach removed entirely
be present, but recent channelized and
channelization is not distupted
present,
SCORE
The bends in the The bends i the The bends in the Chanoel strmight;
7. Channel stream increase the stream increase the stream increase the walerway has been
Sinuosity strean length 3 1o 4 streamlength [0 2 | | stream <1 time fonger | channelized for # long
times longer than iFit | Gmes longer than iFit | than ifit wasin g distance

Banks stable; Muoderately stable; : Unstablo, many cmdod
8. Bank Stability evidence of erogion infrequent, small areas | 30-60% of bank in areas) "raw" areas
{Score cach bank) or bank failure absent | of erosion mostly reach has areas of frequent along stoight
or minimal; little healed over. 5-30% of | evosion; high erosion sections and bends;
potentist for future bank in reach has arcss | potential during floods | obwious bank sloughing;
problems. <5% of of erosion 60-100% of bank has
bank affected erosianal scars
SCORE LB R P e R e Ty ey e e N e R R i) 1
SCORE RB R ETTE BB R e P S S o R N e
W of riparfan Widih of riparian zone | Width of riparian zone | Widih of riparian zone
9. Riparlan zone >18 m; human 12-18 m; human G-12 my human <6 m; litde or na
Vegetative Zane activities (Le. parking | activities have aciivites have riparian vegalation due
Width (Score each | lots, Toadbeds, clear- | impacted zone only impacted zone a great | to human activitics
bank riparian zons) | cuts, lawns, ororops) | mininally deal
have not impacted
zZone
SCORE LB AU ST IR VAR RIS s o B
SCORE RB 0TI T T A g TR

.,/cfi/ (j\,"\\ ij

\f~ !‘\}OOCX y
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ADEQ INSTREAM AND RIPARIAN HABITAT 3\\3] oy
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number L 2/5 Pool Riffle Run ‘

Measurements (feet) Substrate Type (Score) Instream Cover (Score) s
"Length &i Bedrock xQl=_ Woody Debris ___’!_2_-_“

Channel Width G Lg Boulder x LO= Undercut Banks 11

Stream Width & Boulder - x1.0= - Aquatic Veg e

Avg Depth G" Rubble . A x 1.0 =___*D_L_ Hanging Veg

Max Depth __“Ll_w_m Gravel 1L x0.5 = Q " Root Wads S.

[ A——

Sand g5 x01=__, G Leafy Debris Z
Mud/Silt I x0.0=__, | | 35

|54
Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5; Absent 0

{Note: Habitat scoring categories arc assigned to substrate type and instream cover based on visual observations. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, ar 1.0) to get a final score for each
substrate type calegory. The sum of all substrate type categories equals tHic substrate type score. The same habitat
scoring categories are used for instream cover, The sum of all instream cover categories equals the {nstream cover

score)

Sedimentation on Substrate: / D
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): (5047)--

Index of Habitat Integrity

Average Habitat Length (i.e. all pools or all riffles) muitiplied by Average Habitat Score (i.e. all pools or all riffles)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size.
Pool: Deeper areas with relatively slow-moving water,

Run: Intermediate areas of moderate current and depth.

CAPR962-05 1\ 12 1mds\Form ADEQ Instream and riparian Habital Scoring.doc




ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores ) | - g

Example: The following is provided as a fictitious example to help explain how a habitat score is <S5 \3/ d

obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number el Pool Riffle A Run
Measurements (feet) Substrate Type (Score) Instream Cover (Score)
Length 00 Bedrock o x01= Woody Debris -5
Channel Width 3 LgBoulder _ x1.0= Undercut Banks e
Stream Width S Boulder x1.0= Aquatic Veg
Avg Depth L4 Rubble | lH x1l0= ___LL:{’_ Hanging Veg e
Max Depth 3" Gravel 9 x0.5= 4.5 Root Wads 5
Sand | x0.1=_+|  LeafyDebris S
Mud/Silt x0.1=

N4 -

Habitat Scoring Categories: Abundant 11-15; . Common  6-10; Sparce 1-5; Absent 0

(Note: Habitat scoring categories arc assigned fo substrate type and instream cover based on visual observations, Scores
arc assigned to each substrate type then multiplied by a fixed oumber (0.1, 0.5, or 1,0) to get a final score for each
substrate type category. The sum of all substrate type categoties equals tlic substrate type score. The same habitat
scoring categories are used for instream cover, The sum of all instream cover categories equals the instream cover

score)

Sedimentation on Substrate; I { -
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): %6

Index of Habitat Integrity

Average Habitat Length (i.e. all pools or all riffles) multiplied by Average Habitat Scare (i.e. all pools or all riffles)
multiplied by 0.01

DEFINITIONS

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly
uniform size. ]}é_,«\] 5.[“ Uy

Pool: Deeper areas with relatively slow-moving water.

Run: Intermediate areas of moderate current and depth. &

CAPT\962-05 M2 mds\Form ADEQ Instream and riparian Habitat Scoring doc
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ADEQ INSTREAM AND RIPARIAN HABITAT SR

Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number \S _ K Pool Riflle Run

Measurements (feet) Substrate Type (Score) Instream Cover (Score)

Length [ 0Q Bedrock x0.1= " Woody Debris ! 5

Channel Width L LgBoulder X 1.0 = Undercut Banks /1

Stream Width L \ Boulder x1.0= Aquatic Veg

Avg Depth E\ Y Rubble g, x1.0= 7 Hanging Veg

Max Depth B Gravel I, x05=_"%6_ Root Wads e
Sand & x0.l=_+&  LeafyDebris &

Mud/Silt S x01=_,5
~ Y

o

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5; Absent 0

0.7

(Note: Habitat scoring categories arc assigned to substrate type and instream cover based on visual observations, Scores
arc assigned to each substrate type then multiplied by a fixed number {0.1, 0.5, or 1.0) to get a final scare for cach
substrate type category. The sum of all substrate type categories equals (lic substrate type score. The same habitat
scoring categories are used for instream cover. The sum of all instrearn cover categories equals the instream cover

score)
Sedimentation on Substrate: 0\
N Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): SO«i

Index of Habitat Integrity

Average Habitat Length (Le. all pools or all riffles) multiplied by Average Habitat Score (i.e. all poéls or all riffles)
multiplied by 0.01

DEFINITIONS W6 , (\,//N{\ ) Pt H\]

Riffle: Shallow, turbulent areas where water passes through or over stones or gravel of a fairly

uniform size,
Pool: Deeper areas with relatively slow-moving water.

Run: Intermediate areas of moderate current and depth.

CAPF\962-05 [\ 21mds\Form ADEQ Instreata and riparian Habital Scoring.doc
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ADEQ INSTREAM AND RIPARIAN HABITAT
Procedures for Obtaining Habitat and Index of Habitat Integrity Scores

Example: The following is provided as a fictitious example to help explain how a habitat score is
obtained by ADEQ ecologists. There typically are multiple habitats (i.e. riffle, run, pool) sampled
per site to obtain a representative sample of the fish community inhabiting that site.

Habitat Number ﬂ Pool \ Riffle Run

Measurements (feet) Substrate Type (Score) Instream Cover (Score)

Length SO Bedrock | x0.1= Woody Debris 4

Clannel Width £=8  LgBoulder — x0=___  UnderutBanks {0 .

Stream Width £-&” Boulder  xt0=____ Aquatic Veg

Avg Dt;pth e Rubble (s x L.0= !3 Hanging Veg

Max Depth % Gravel { 0 x05=_ S5  Root Wads )
Sand __;_ o x00=__5 Leafy Debris 7
Mud/Sitt S x0l=_, 3

q 8

Habitat Scoring Categories: Abundant 11-15; Common  6-10; Sparce 1-5; Absent 0

(Nole: Habitat scoring categories arc assigned to substrate type and instream cover based on visual observations. Scores
arc assigned to each substrate type then multiplied by a fixed number (0.1, 0.5, or 1.0) to get u final score for each
substrate type category. The suta of all substeate type catepories equals tlic subsirate type score. The same habitat
scoring categories are used for instream cover. The sum of all instream cover categories equals the instream cover

score)

Sedimentation on Substrate: . | 3
Sedimentation Score: None 11-15; Light 6-10; Noticeable 1-5; Excessive 0

Habitat Score (Sum Substrate Type, Instream Cover and Sedimentation): 6 Q)

Index of Habitat Integrity

Average Habitat Length (i.e. all pools or all riffles) multiplied by Average Habitat Score (i.e. all pools or all riffies)
multiplied by 0.01

DEFINITIONS

Riffle; Shallow, turbulent areas where water passes through or over stones or gravel of a fairly
uniform size.

- Pool: Deeper areas with relatively slow-moving water.

Run: [ntermediate areas of moderate current and depth.

CAPR962-051\12 1 mds\Form ADEQ Instream and riparian Habitat Scoring.doc




Arkansas Department of Environmental Quality
Riffle Habitat Assessment

7 .
SteamName (VNS o /G (cu\q\ Location o <. oF Vil
SmtionID  ()\ L~ @ A
Lat Long_ Date_S[ (3]0 A Time 9490 (ah pm
Investigators Land Use 14 clayval 4 md & Fosd)
Form Completed By  mE W pA Mean Velocity | fh Flow 1) g
A 4
Habitat Condition Category
Parameter Qptimal Suboplimal Marginal Paor
Greater than 70% of | 40-70% mix of stable 20-40% mix of stable Less than 20% stable
i. Epifaunal substrate favorable habitat; well-suited for | habilat; habitat habitat; lack of habitat is
Substrate/ for epifaunal full colonization avallability less than obvious; substrate
Avallable Cover colonization; mix of | potential; adequate degirable; substrate unstable or lacking
snags, submerged habitat for frequently disturbed or
logs, undercut banks, . | maintenance of removed
cobhle or other stable | populations; presence
habitat and at stage to | of additional substrate
allow [ull in the form of newfall,
colonization polential | but not yet prepared
(i.c. logs/snags that for cofonization (may
are pot new fall and vate at high end of
not transicant) scale)
SCORE ST AR R e e Y
Gravel, cobble an Gravel, cobble and Gravel, cobble and Gravel, cobble and
2, Embeddedness | boulder particles are | boulder patticles aro boulder particles are boulder pasticles are
0-25% surrounded by | 25-50% surrounded by | 50-75% surrounded by | more than 75%
fing sediment. fine sediment fine sediment surcounded by fine
Layexring of cobble sediment

provides diversity of

mtér reaches base
8. Channel Flow of both kewer banks,
Status and minimal amount
of channel substrate
is exposed
SCORE (E0 U R RAIGS

k]
¢
k)
B
H
4
=
'.%’ SCORE F{ il
o four Only 3 ar 4 regiraes
£ | 3. Velaclty/Depth | veloolty/depth present (if fast-shallow
% Regime regimes present is missing, score lower
£ (stow-decp; slow- than if missing other
] shallow; fast-deep; regimes)
r Gst-shallow). (Slow
£ is <0.3 /s, decp iy
E >0.5 m}
& [SCoRE FEEFTAEL
A Some new increase in
4, Sedimeat enlargoment of bar formation, mostly
Deposition islands or point bars {rom gravel, sand or
and less than 5% of fine sediment; 5-30%
the bottom affected of the bottom affected;
by sediment slight deposition in
deposition paols
SCORE

Water {ills »75% of
the available channel;
or <25% of channel
substrate is exposed

FS-3

y 2 or 4 tegiones
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Table 2. Macroinveriebrates collecled in the Wilson Creek in Gadand Co. AR, May 11-13, 2004

cula
Cambarinae
{sopada
Orconactles
Procamburus
HHE
Caenis
Callibaells
Eurylgbdella
Paraltagtophlabla
Stenacron
Stengnema
[ETEOI A TR
Aria
Archelstes
Calopleryx
Corduligaster
Lanlus
Qrithamtis
tylogomphus

S
S

Corixidas
Gems
Trepobates

Chematopsyche
Chimama
Limnoph/ia
Pycnopsyche
Polycantopus
FPolamyia

ot
Curculeionidae
Dlylscus
Hydrocanthus
Hydmoporous

Anophefas
Bezzid
Chironominae
Diptera Sp.1
Hexaloma
Psycoda
Tanypodinas
Tanytacgio
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1.0 INTRODUCTION

The overall objective of this study was to assess whether water quality (particularly
dissolved solids and sulfate) in Wilson Creek upstream-downstream of the UMETCO Minerals
Corporation (UMETCO) discharge from Outfall 001 will support Ouachita Mountain ecoregion
aquatic life uses (Arkansas Pollution Control and Ecology Commission (APCEC) 2007).
Towards this end, the study specifically addresses the following:

. Whether water quality limits aquatic life in Wilson Creek in the vicinity of the
UMETCO former mine site (i.e., is aquatic life in Wilson Creek consistent with
expectations based on habitat?), and

. Is there potential for instream toxicity due to dissolved solids from the discharge?

The study finding that current total dissolved solids (TDS) and sulfate concentrations in
Wilson Creek support and do not limit attainable aquatic life uses supports a proposal that was
previously submitted (WEI 2004) for site-specific water quality criteria for minerals.

Previous data collection (WEI 2004) and site evaluations/sampling indicated that low
levels of diversity and abundance of aquatic life in a reach of Wilson Creek that were associated
with seep inflows from the previously reclaimed Spaulding area entering Wilson Creek upstream
of Outfall 001. Low pH is a likely cause of at least some of the aquatic life suppression;
however, other factors were suspected. The toxicity was evaluated to determine if factors in

addition to, or interacting with, low pH were potentially affecting aquatic life in Wilson Creek.
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2.0 SAMPLING LOCATIONS

The study site is a reclaimed mine site operated by UMETCO in Garland County,
Arkansas (Figure 2.1). Sampling locations used for this study (Figure 2.2) were a subset of those
used for previous water quality and biological assessment studies associated with this Use
Attainability Analysis (WEI 2004). They were chosen to allow upstream-downstream
comparisons of the effects of the Outfall 001 discharge and reclaimed areas on the water quality
and biological communities of Wilson Creek within the property boundaries of the UMETCO
site and to allow comparisons with previous studies, if needed. Sampling sites WILS, WIL—I,
WIL-2, WIL-2,5, WIL-5, and WIL-6 are located on Wilson Creek, which drains portions of the
former mine site. A sampling site is located on a seep that drains into Wilson Creek between
WIL-1 and WIL-2 (“SPRD Seeps” on Figure 2.2). Sampling location descriptions for Wilson
Creek stations are provided in Table 2.1.

Table 2.1. Description of Wilson Creek sampling locations.

WILS Reference site upstream of Outfall 001; not affected by former mine activities or
seeps.

WIL-1 | Upstream of Outfall 001; similar to WILS but affected by a seep.

WIL-2  |Upstream of OQutfall 001; affected by seep area.
WIL-2.5 |Upstream of Outfall 001; downstream of reclaimed areas.

WIL-5  |Immediately downstream of Qutfall 001.

WILL and
WIL-6 Downstream of Qutfall 001,

2-1
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Figure 2.1. Area map showing location of site.
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Figure 2.2. Site map showing sampling locations and reaches.
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3.0 METHODS AND MATERIALS

3.1 Water Sampling and Flow Measurement Methods

Grab samples were collected at all sample locations according to FTN Associates, Ltd.
(FTN) sampling protocols that are based on applicable US Environmental Protection Agency
(EPA) guidance. Samples were taken from approximately 0.5 ft below the surface from flowing
portions of the stream using a clean plastic bucket. The sample was then split into aliquots and
placed into sample containers containing preservatives appropriate for the selected analyses.
Samples were placed on ice immediately upon collection and delivered to American Interplex
Corporation (AIC) (8600 Kanis Road, Little Rock, AR 72204), which is certified by the
Arkansas Department of Environmental Quality (ADEQ) for the selected analyses. Samples from
all locations were analyzed for chloride, sulfate, and TDS according to the methods given in
Table 3.1. Samples collected from WIL-5 were analyzed for additional anions and cations
(sodium, potassium, calcium, magnesium, and alkalinity) for use in the STR-based toxicity
evaluation. _

In situ physical-chemical measurements of dissolved oxygen (DO), pH, temperature, and
specific conductance were made using a Hydrolab MiniSonde™, calibrated per the
manufacturer’s requirements. Instruments were calibrated in the morning on the day
measurements were made. Calibration was checked at the end of the day using calibration
buffers, standards, and a DO saturation table. All in situ measurements were taken concurrently

“with grab sample collection.

Stream flow was measured at the upstream end of each sampling reach. Flows were
measured by measuring stream width, depth, and current velocity per US Geological Survey
(USGS) guidelines (1982) using a calibrated wading rod and a Marsh-McBirney flow meter
(Flo-Mate™ Portable Velocity Meter, Model 2000). All flow measurements were made

concurrently with grab sample collection.
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Table 3.1. Analyte methods on reporting limits (RL) for analysis of the seep sample.

Alkalinity as CaCO3 SM 2320B Selenium ICP-AES 0.07
Silicon Dissolved EPA 200.7 0.2 Silicon ICP-AES 0.2
Strontium Dissolved EPA 200.7 0.005  [Silver ICP-AES | 0.007
Sulfur Dissolved EPA 200.7 0.1 Sodium ICP-AES 1
Bromide EPA 300.0 0.2 Strontium ICP-AES 0.005
Chloride EPA 300.0 0.2 Sulfur ICP-AES 0.1
Fluoride EPA 300.0 0.1 Thallium ICP-AES 0.04
Nitrate as N EPA 300.0 0.05 |Tin ICP-AES 0.2
Sulfate EPA 300.0 2 Titanium ICP-AES 0.005
Aluminum ICP-AES 0.04  |Vanadium ICP-AES 0.008
Antimony ICP-AES 0.03  |Zinc ICP-AES 0.002
Arsenic ICP-AES 0.05  |Dissolved Organic Carbon SM 5310C 1
Barium ICP-AES 0.002  |Dissolved Aluminum EPA 200.7 0.04
Beryllium ICP-AES 0.0003 |Dissolved Barium EPA 200.7 | 0.002
Boron ICP-AES 0.1 Dissolved Beryllium EPA 200.7 | 0.0003
Cadmium ICP-AES 0.004 |Dissolved Cadmium EPA 200.7 | 0.004
Calcium ICP-AES 0.1 Dissolved Calcium EPA 200.7 0.1
Chromium ICP-AES 0.007 |Dissolved Cobalt EPA 200.7 | 0.007
Cobalt ICP-AES 0.007 _ |Dissolved Copper EPA 200.7 | 0.006
Copper ICP-AES 0.006  |Dissolved Iron EPA 200.7 | 0.007
Iron ICP-AES 0.007 |Dissolved Magnesium EPA 200.7 0.03
Lead ICP-AES 0.04  |Dissolved Manganese EPA 200.7 | 0.002
Magnesium ICP-AES 0.03  |Dissolved Nickel EPA 200.7 0.01
Manganese ICP-AES 0.002  |Dissolved Potassium EPA 200.7 1
Molybdenum ICP-AES 0.007  {Dissolved Sodium EPA 200.7 1
Nickel ICP-AES 0.01  |Dissolved Zinc EPA 200.7 | 0.002
Phosphorous ICP-AES 0.1 Total Dissolved Solids SM 2540C 10
Potassium ICP-AES 1

*All units are mg/L.

3.2 Toxicity Evaluation

Toxicity of the seep sample was evaluated using EPA methodology (EPA 1991a, 1993)

for toxicity identification evaluations (TIEs). Before initial testing, the pH of an aliquot of the

sample was adjusted to pH of 7.5 using sodium hydroxide (NaOH), allowed to equilibrate

overnight, and adjusted again the next day. The adjusted and unadjusted samples were tested for

acute toxicity to Ceriodaphnia dubia and Pimephales promelas in 48-hour static non-renewal

tests. Toxicity present in the pH-adjusted sample was interpreted as being due to factors other

than low pH. Phase 1 TIE procedures (EPA 1991b) were then applied to determine the physical
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characteristics of the toxicant(s) present in the pH-adjusted sample. These procedures involve
manipulation and subsequent toxicity testing of the sample through aeration, filtration, solid
phase extraction, anion exchange, cation exchange, addition of ethylenediaminetetra-acetic acid
(EDTA), and sodium thiosulfate. Manipulations that remove toxicity, compared to an
unmanipulated baseline, provide clues regarding the physical properties of the toxicant(s).
Subsequent tests are then designed to confirm or eliminate suspect toxicants (EPA 1993).

Upon submittal to the laboratory, the seep sample was analyzed for the suite ions and
metals listed in Table 3.1,

Phase 1 TIE procedures are not well-suited to directly evaluate toxicity caused by
dissolved solids. Therefore, the evaluation of potential TDS toxicity applied published
relationships between toxicity and dissolved solids (Mount et al. 1997) based on toxicity testing
of mixtures of inorganic calcium, magnesium, sodium, potassium, chloride, sulfate, and
bicarbonate salts. The potential for toxicity due to dissolved solids in the grab sample from the
seep area and from Wilson Creek immediately below the Outfall 001 discharge (WIL-5) was
evaluated by assessing how close to a predicted toxic threshold the existing ion concentrations

are under current conditions. The approach to estimating the toxic (acute and chronic) thresholds

was as follows:

L. The acute toxic response of increasing the anion and cation concentrations of the
June samples from the seep area and WIL-5 was simulated by increasing the ion
concentrations of the June samples (based on measured values) by factors of 2
to 20 and using these hypothetical values as input into the salinity-toxicity
relationship (STR) model developed by Mount et al, (1997). The resulting
response curve for TDS versus predicted toxicity provided an indication of how
high the sample in question must be concentrated to reach a toxic threshold. This
concentration factor was then be multiplied by the sample TDS to estimate the
concentration of TDS that would result in 50% mortality (L.C50) in the sample
matrix. This LC50 was then compared to current TDS concentrations to evaluate
the potential for acute toxicity due to TDS under current conditions. The same
approach was used to estimate the acute toxic threshold for sulfate.

2. The chronic toxic response of increasing the anion and cation concentrations was
evaluated by applying an acute-to-chronic ratio (ACR) to the acute LC50s for
sulfate and TDS obtained in step 1 above. The ACR was derived based on routine
acute and chronic C. dubia reference testing performed by AIC using sodium
chloride (NaCl) during 2008 and 2009. This testing is performed as part of AIC’s
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Table 3.2.

routine internal quality assurance/quality control (QA/QC) procedures. Reference
testing using NaCl is appropriate for this evaluation because toxicity in the NaCl
reference tests, as well as the potential toxicity due to mineral concentrations in
the effluent, are, presumably, both due to ionic stress. C. dubia reference data
were used because C. dubia is known to be more sensitive to toxicity due to
dissolved solids than other standard toxicity test organisms such as P. promelas or
Daphnia pulex (Goodfellow et al. 2000). The data used for this evaluation are
presented in Table 3.2, which presents acute LC50 values from acute reference
toxicant testing and IC25 values from chronic reference testing from

January 2008 through February 2009. Inhibition concentration values
(concentration resulting in 25% reduction of combined survival and reproduction;
IC25) were used because they are a continuous variable (as opposed to a discreet
variable such as the “no observed effect concentration,” or NOEC) that estimates
the NOEC (EPA 2002). Using all data (n = 14), the average acute LC50 was
divided by the average chronic IC25. The ACR from this data set was computed
as2.31 +0.90 = 2.6 (Table 3.2).

Sodium chloride (NaCl) reference test data for C. dubia used for computation of
the ACR for TDS.

01/17/08 1,860 01/10/08 491 809
02/25/08 2,880 02/11/08 238 393
04/08/08 3,070 04/01/08 356 586
05/30/08 2,020 05/20/08 596 982
06/01/08 2,320 06/11/08 655 1,080
07/09/08 2,760 07/02/08 471 776
08/22/08 2,670 - 08/13/08 350 577
09/09/08 2,210 09/02/08 385 634
10/01/08 2,330 10/01/08 668 1,100
11/11/08 1,980 11/11/08 607 1,000
12/16/08 1,830 12/16/08 465 766
01/29/09 1,840 01/27/09 1,010 1,660
02/26/09 2,110 02/17/09 752 1,240
03/18/09 2,400 03/18/09 619 1,020

Average Acute LC50 2,300 Average Chronic IC25 546 900 -

Average ACR (NaCl) , 2.6
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3.3 Biological Assessment Methods ,
Biological assessment procedures for fish and benthic macroinvertebrates followed rapid
bioassessment protocols given in Barbour et al. (1999). The length of each reach sampled was
“approximately 40 stream widths per Barbour et al (1999). A habitat assessment was performed as

part of the biological assessment to aid in the interpretation of the benthic and fish sampling

results.

3.4 Habitat Assessment

Physical and habitat characteristics based on the entire length of each sampling reach
were documented by visual assessment using the approach outlined in Barbour et al. (1999).
Field forms used for this assessment of physical characteristics were taken directly from

Barbour et al (1999). Physical variables assessed included the following:

Canopy cover,

Substrate type,

Sediment characteristics,

Dominant aquatic vegetation,

Proportion of reach with aquatic vegetation,
Pool/riffle ratio,

Pool depths,

Pool widths,

R A ol

Dominant riparian vegetation, and

,d
e

Watershed features.

Habitat characterization followed high-gradient stream habitat assessment procedures per
Barbour et al. (1999). Field forms used for the habitat assessment were taken directly from
Barbour et al. In contrast to the evaluation of physical variables, the habitat characterization per

Barbour et al. provides a scoring methodology that allows a rough comparison of habitat quality

among sites.
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Scored habitat variables included the following:

Epifaunal substrate/available cover,
Substrate characterization,
Velocity/depth regime,

Sediment deposition,

Channel flow status deposition,
Channel alteration,

Frequency of riffles,

Bank stability,

0 e N R w Do

Vegetative protection, and

Riparian vegetative zone width.

RSN
e

3.5 Benthic Invertebrate Community Sampling

Prior to sampling each reach, the upper and lower ends of the reach were cordoned off
using block nets. Invertebrate sampling was conducted before fish sampling in order to avoid
disturbing substrate. Invertebrates were sampled using D-frame kick nets With 0.5-mm mesh net.
A total of 20 individual samples were collected from all available habitat, including woody
debris, emergent vegetation, snags, undercut banks, open substrate, and riffles (if present). The
sampling effort was distributed among habitat types in proportion to the availability of habitats
as assessed by visual inspection. After removal and washing of large debris, the entire contents
of the net were washed into wide-mouth glass jars and immediately preserved with
70% isopropy! alcohol. .

Samples were sorted in the laboratory by dispensing the entire sample onto a Caton grid.
All organisms were sorted from randomly selected grids until a minimum of 160 organisms were
collected. Sorted organisms were transferred to 70% ethanol in glass vials. To assure thorough
removal of specimens from the sample, the sorted residue was retained and examined by a
second biological technician, If the second sorting produced fewer than 10% of the number of

organisms found in the initial sorting, the sorting of that sample was considered complete. If the
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second sorting produced more than 10% of the number of organisms found in the initial sorting,
the sample was resorted until the 10% goal was reached.

Taxonomic identifications were carried out to the lowest practical taxon according to
Merritt and Cummins (1996), Thorp and Covich (2001), and Houston (1980). In general,
macroinvertebrates were identified to genus except for bivalve mollusks, gastropods, dipteran
larvae, and decapod shrimp, which were identified to family when possible. A voucher collection
of invertebrate taxa collected at the sites was retained for further reference. All invertebrate taxa
were classified into functional feeding groups (Predator, Shredder, Omnivore,

Gatherer/Collector, Scraper, and Filterer) per Barbour et al. (1999).

3.6 Fish Community Sampling

Fish sampling was conducted using a Smith-Root LR-24 DC current backpack
electroshocker. Sampling of each reach was conducted by probing all available habitat beginning
at the downstream end of the reach and proceeding upstream. Two sampling passes were
performed on each reach. Stunned fish were collected in a plastic bucket and maintained with
aeration until processed. Each individual captured was identified in the field to species according
to Robison and Buchanan (1988). Individuals that could not be positively identified in the field
were killed, preserved in formalin, and identified in the laboratory. Up to 25 individuals of each
species were weighed to the nearest 0.1 gram and measured (total length) to the nearest
millimeter, After processing, all living fish were returned to the sampling reach.

Fish data were evaluated by visually examining differences in species richness and

species composition among locations in relation to habitat.
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4.0 RESULTS

41 Water Chemistry and Flows
Results of water quality analyses, in situ measurements, and flow measurements at the
Wilson Creek sampling locations are provided in Table 4.1. It was not feasible to measure flows

at WIL-2.5 and WIL-5 due to the braided nature of the channel of these locations.

Table 4.1. Summary of flow and water quality data at Wilson Creek sampling locations
collected June 2, 2009.

Flow (cfs) 0.2 0.1 0.2 NM NM 1.6
Temperature (°C) 21.0 19.3 18.9 22.2 21.6 20.3
Dissolved Oxygen (mg/L) 7.9 5.7 7.6 5.9 8.9 8.4
pH (su) 5.7 4.8 4.5 5.0 6.2 5.9
Specific Conductance (uS) 24 23.2 134 99.3 439 458
Total Dissolved Solids (mg/L) 54 45 130 88 330 340
Chloride (mg/L) 1.9 2.0 2.1 1.7 9.0 11
Sulfate (mg/L) 3.6 3.8 52 30 160 160
Total Alkalinity (mg/L as CaCOs3) 18

Calcium (mg/L) 63
Magnesium (mg/L) 7.0

Sodium (mg/L) 4.4

Potassium (mg/L) 3.2

NM = Not measured

4.2 Toxicity Assessment

4.21 Seep Sample

Results of cation, anion, and metals analyses of the unadjusted seep sample as well as
in situ measurements made at the time of sample collection are provided in Table 4.2.
Examination of this table reveals dissolved aluminum, manganese, and zinc concentrations
(3.9 mg/L, 12 mg/L, and 0.55 mg/L, respectively) that might be at acutely toxic levels. Also, as
expected of a sample with a pH of 3.4 at collection, there was no measurable bicarbonate

alkalinity. Bicarbonate alkalinity was also less than detection (1 mg/L) in the pH-adjusted
sample.
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Table 4.2.

Results of anion, cation, and metals analyses in the unadjusted seep sample
collected June 2, 2009.

Temperature (°C) 16.3 NA | Strontium 0.15 0.005
Dissolved Oxygen* 7.5 NA | Sulfur 56 0.1
pH (sw)* 3.4 NA | Thallium 0.04 0.04
Specific Conductance (uS)* 398 NA | Tin 0.2 0.2
Silicon Dissolved 9.5 0.2 | Titanium 0.005 0.005
Strontium Dissolved 0.15 0.005 | Vanadium 0.008 0.008
Sulfur Dissolved 56 0.1 |Zinc 0.55 0.002
Aluminum 3.9 0.04 |Dissolved Organic Carbon 1 1.

"l Antimony 0.03 0.03 |Bromide 0.2 0.2
Arsenic 0.05 0.05 |[Chloride 1.9 0.2
Barium 0.026 0.002 |Fluoride 0.94 0.1
Beryllium 0.0035 0.0003 |Nitrate as N 041 0.05
Boron 0.1 0.1 |Sulfate 170 2
Cadmium 0.0054 0.004 | Alkalinity as CaCO3 1 1
Calcium 27 0.1 |Total Dissolved Solids - 300 10
Chromium 0.007 0.007 |Dissolved Beryllium 0.0035 0.0003
Cobalt 0.027 0.007 |Dissolved Aluminum 3.9 0.04
Copper 0.028 0.006 |Dissolved Barium 0.026 0.002
Iron 0.066 0.007 |Dissolved Cadmium 0.0052 0.004
Lead - 0.04 0.04 |Dissolved Calcium 26 0.1
Magnesium 12  0.03 |Dissolved Cobalt 0.027 0.007
Manganese 12 0.002 |Dissolved Copper 0.027 0.006
Molybdenum 0.007 0.007 | Dissolved Iron 0.033 0.007
Nickel 0.12 0.01 |Dissolved Manganese 12 0.002
Phosphorous 0.1 0.1 |Dissolved Magnesium 12 0.03
Potassium 3.8 1 Dissolved Nickel 0.12 0.01
Selenium 0.07 0.07 |Dissolved Potassium 3.8 1
Silicon 9.6 0.2 [Dissolved Sodium 2.4 1
Silver 0.007 0.007 {Dissolved Zinc 0.55 0.002
Sodium 2.5 1

*= In situ measurements; RL = reporting limit,

Results of initial screening toxicity tests are presented in Table 4.3. Results show that the

unadjusted sample was acutely toxic to both test organisms. The pH-adjusted sample showed less

toxicity to C. dubia and no acute lethal toxicity to P. promelas. Accordingly, Phase 1 TIE

procedures focused on the pH-adjusted sample using C. dubia.
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Results of Phase 1 TIE testing on the adjusted seep sample are summarized in Table 4.4,
None of the sample manipulation removed toxicity. This result was surprising given the
potentially toxic concentrations of zinc, whose toxicity is known to be reduced by the addition of
EDTA and sodium thiosulfate (Hockett and Mount 1996). It is possible, however, that the
combination of pH, alkalinity, and other ions in a sample matrix that has been only recently
pH-adjusted showed unusual results in standard TIE manipulations. Accordingly, additional
testing was conducted on the adjusted sample in which the bicarbonate alkalinity was augmenfed
to approximately 100 mg/L (as CaCOs;) through the addition of NaHCO;. Toxicity tests on this

augmented sample indicated no change in acute toxicity compared to the un-augmented baseline
(Table 4.4). '

Table 4.3. Summary of initial screening toxicity tests on the unadjusted and adjusted seep
samples collected June 2, 2009.

“Control 100 7.8/ 305

6.25 100 797305

. 12.5 100 797311

Unadjusted 25 100 777323

50 90 737346

P o romelas 100 0 427385
P . Control 100 7.87335
6.25 100 7.0/ 344

N 12.5 100 7.9/ 343

Adjusted 25 100 7.9/ 343

50 100 777352

100 100 73739

Control 100 7.9/313

625 90 787322

, ' 12.5 70 771321

Unadjusted 25 60 7.6/ 324

50 0 717331

. 100 0 4.0/382

C. dubla Control _ 100 7.97313
6.25 90 _ 7.0/364

. 12.5 90 7.0/325

Adjusted 25 80 707337

50 60 777369

100 30 747402
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Table 4.4. Summary of acute Phase I TIE tests conducted on the adjusted seep sample
collected June 2, 2009,

Baseline 30
Filtration 0
Aeration 30
Sublimation 40%*
Cation Exchange 0
Anion Exchange 0
Alkalinity Augmentation 0

; High Reagent Addition 0
EDTA Low Reagent Addition 0

* This test result is believed to be aberrant because parameters indicated by this test (e.g., polymers or detergents) are not
expected to be present in the seep samples.

4.2.2 Potential TDS Toxicity

The response curves for TDS versus predicted toxicity for the seep and WIL-5 samples
are provided on Figures 4.1 and 4.2, respectively. The curves indicate that the seep and WIL-5
samples collected on June 2, 2009, would have to be concentrated by a factor of approximately 9
to reach an ionic strength that is acutely toxic to C. dubia. Based on measured TDS
concentrations in the WIL-5 samplé (Table 4.1) and the seep sample (Table 4.2), this
concentration factor corresponds to toxic threshold TDS concentrations of 9 x 330 =2,970 mg/L
for WIL-5 and 9 x 300 mg/L = 2,700 mg/L for the seep (pH-neutral) sample.

Using the same approach for sulfate, the toxic threshold concentrations are 9 x 160 =
1,440 mg/L for WIL-5 and 9 x 170 mg/L = 1,530 mg/L for the seep (pH-neutral) sample.

Using the ACR of 2.6 developed in Section 3.1, this analysis predicts that that the WIL-5
and seep samples would have to be concentrated by a factor of approximately 9 +2.6 =3.5 to
reach an ionic strength that is sub-lethally toxic to C. dubia. The chronic toxicity thresholds for
TDS using the ACR are 2,970 mg/L + 2.6 = 1,142 mg/L for the WIL-5 sample, and
2,700 mg/L + 2.6 =1,038 mg/L for the seep (pH-neutral) sample,

Using the same approach for sulfate, the predicted chronic toxic thresholds are
1,440 mg/L + 2.6 = 554 mg/L for the WIL-5 sample and 1,530 mg/L -+ 2.6 = 588 mg/L for the
seep (pH-neutral) sample. ‘
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Figure 4.1, Predicted dose-response curve (based on Mount et al. 1997) for the
WIL-5 sample concentrated by a factor up to 20. '
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Figure 4.2.  Predicted dose-response curve (based on Mount et al. 1997) for the
seep sample concentrated by a factor up to 20.

4-5



August 28,2009

A similar approach to evaluate toxicity for minor ions such as chloride (9 mg/L and
1.9 mg/L in the WIL-5 and seep samples, respectively) is not valid. This is because major ions
drive toxicity in the STR model, while ions at low concentration have little or no effect on model
output. For example, using the same approach to evaluate potential chloride toxicity in the seep
samples would indicate a chronic threshold value of 6.6 mg/L for chloride. This value is far
below the ecoregion chloride criterion (15 mg/L), far below the lowest IC25 value from AIC

chronic reference testing (Table 3.2), and not supported by the literature (e.g., Tables 2 and 3 in
Mount et al. 1997).

4.3 Biological Assessment

4.3.1 Habitat

Results of the assessment of physical and habitat features of each Wilson Creek sampling
location are presented in Tables 4.5 and 4.6, respectively. Table 4.5 indicates a general increase
in stream size (average width and depth) from the upstream WILS location to the downstream
WIL-6 location. There was a corresponding general decrease in substrate size (from
boulders/cobble to cobble/gravel) and increase in the pool to riffle ratio. No sludges or deposits
were noted except at WIL-2, where there was a precipitate on rocks and what appeared to be
compacted or consolidated precipitate covering the substrate. There was an inflow from seeps
that enter Wilson Creek immediately upstream of WIL-2.

Sampling locations WILS, WIL-1, and WIL-6 showed similar higher-quality habitat
relative to WIL-2 and WIL-2.5. WIL-2.5 showed intermediate habitat quality due primarily to
less stream bank stability and vegetation and greater substrate sediment deposition and
embeddedness.

UMETCO representatives indicated that flows at WILS and WIL-1 typically cease during

warm, dry summer months, leaving only isolated pools in those reaches.
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Table 4.6.

Summary of habitat characteristics evaluation performed during June 2009
sampling.

Epifaunal substrate/available cover

Embeddedness 13
Velocity/depth regime 10 8 7 16
Sediment deposition 18 8 5 13
Channel flow status 15 13 12 14
Channel alteration 20 10 18 19
Frequency of riffles 20 15 13 18
Bank stability 10/10 8/8 3/10 6/6 9/9
Vegetative protection 10/10 7/7 3/10 6/6 10/10
Riparian vegetative zone width 10/10 10/10 1/10 9/9 10/10
Total habitat score 179 166 80 114 170

4.3.2 Fish Communities

Four species of fish were captured from among all locations in the June 2009 sampling:
creek chub (Semotilis atromaculatus), green sunfish (Lepomis cyanellus), creek chubsucker
(Erimyzon oblongus), and orangebelly darter (Etheéstoma radiosum) (Table 4.7).

Table 4.7 indicates the key and indicator species (and relative abundance of each)
collected in the waterbodies in this study. Table 4.8 provides the key/indicator species for the
Ouachita Mountain ecoregion (APCEC 2007) and indicates which of the key/indicator species
were collected from the waterbodies of this study. Only one ecoregion key species, the
orangebelly darter (E. radiosum), was collected from among all sites, and no indicator species

were collected.

Creek chubsucker (S. atromaculatus) dominated the collections in both of the upstream
locations (WILS and WIL-1).
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Table 4.7. Fish species composition (% relative abundance) from June 2009 sampling.

Semotilis atromaculatus 77 100 56 3
Lepomis cyanellus 44 23
Erimyzon oblongus 30
[Etheostoma radiosum* 23 43
__Total Taxa 2 1 0 2 4

Total Number 132 70 0 -9 30

CPUE (Fish/100 m) 189 117 0 15 40

* Ouachita Mountain ecoregion key species.

Table 4.8. Ouachita Mountain ecoregion key and indicator species.

Bigeye shiner Notropis boops Shadow bass Ambloplites ariommus
Northern hogsucker | Hypentelium nigricans Gravel chub Erimystax x-punctatus
Freckled madtom Noturus nocturnus Northern studfish Fundulus catenatus

Longear sunfish Lepomis megalotis Striped shiner Luxilus chrysocephalus
Orangebelly darter* | Etheostoma radiosum*
Smallmouth bass Micropterus dolomieu

* Present in waterbodies sampled in this study.

4.3.3 Benthic Invertebrates

Results of benthic macroinvertebrate collection are summarized in Table 4.9 and
provided in greater detail in Appendix A. All sampling locations showed relatively low number
of individuals. At each location, the entire sample was sorted because the normal minimum
sorting goal of 160 organisms was not met. Therefore, the “Total Abundance” row in Table 4.9
is a valid reflection of relative number of individuals present at each location. There were few
general patterns apparent in the benthic community metrics from upstream to downstream
locations. The highest taxa richness was found at the middle three locations (WIL-1, WIL-2,
and WIL-2.5), with the lowest taxa richness found at the uppermost and lowermost locations
(WILS and WIL-6, respectively). Gatherers/collectors, the most abundant functional feeding

group at all locations, ranged in relative abundance from 47 to 83% of the community. The
Lo ___ ____ _____________________________________________|
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second most abundant functional group included all of the remaining observed groups and

ranged in relative abundance from 15 to 45% of the community. There was no apparent pattern

in the functional feeding group makeup among locations.

Table 4.9. Summary of benthic macroinvertebrate sampling from June 2009 sampling.

Taxa Richness 9 11 14 14 9
Total Abundance 80 76 99 131 116
% Ephemeroptera, Plecoptera, and
Trichoptera (EPT) 25 41 50 27 14
% Diptera 15 29 8 18 4
% Filterers 0 14 4 10 15
Functional % Shredders 5 3 45 23 0
Feeding % Scrapers 20 34 1 2 0
Group % Gatherers/Collectors 71 46 47 61 83
% Predator 4 3 2 3 2
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5.0 DISCUSSION

51 Water Chemistry and Flows

Water quality data for WILS indicate a stream with low TDS and relatively low pH that
is typical for small Ouachita Mountain ecoregion steams (Arkansas Department of Poliution
Control and Ecology (ADPCE) 1987). Water quality at the WIL-1 location shows the same low
TDS as WILS with pH that is further lowered by the influence of the seep areas. WIL-2 shows
higher sulfate and conductivity and lowered pH that are due to the influence of inflows from
additional seep areas. WIL-2.5 shows a slight increase in pH and decrease in TDS and sulfate
that is likely due to a combination of precipitation of dissolved minerals entering from the seep
inflow and dilution from other inflows. Upstream of Outfall 001, chloride levels are uniformly
low and pH levels are below 6.0 (the minimum Arkansas water quality criterion for pH;

APCEC 2007). Downstream of Outfall 001, the characteristics of the NPDES discharge
dominate flows and water chemistry. Flow measured at WIL-6 (downstream) is about eight times
the upstream flow measured at WILS. Natural flow increases as a result of groundwater inflow to
Wilson Creek and surface water inflow from small contributing drainages. The lime treatment at
East Wilson raises the pH, sulfate, and TDS levels.

Based on longitudinal changes in water quality shown in this survey, reduced levels of
biological diversity and/or production might be expected at WIL-1, WIL-2, and WIL-2.5 due to
the direct effects of lowered pH and/or factors correlated with reduced pH (e.g., toxicity due to
metals in dissolved form and/or in toxic valence states). Locations downstream of Outfall 001

(WIL-5 and WIL-6) show the effects of the discharge with increased flow, TDS, sulfate and pH.

5.2 Toxicity

5.21 Wilson Creek Toxicity Due to the Seep Inflow

TIE procedures conducted on pH adjusted seep sample did not indicate the presence of
volatile, filterable, chelatable, oxidizing, ionic, or non-polar organic toxicants. The STR-based
analysis of ionic composition indicated that the concentrations of sodium, potassium, calcium,

magnesium, chloride, sulfate, and bicarbonate would need to be approximately nine times higher
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to cause acute toxicity and three times higher to cause sub-lethal toxicity. This analysis indicates
that toxicity in the seep sample is not attributable to ionic stress due to high TDS concentrations.
Some dissolved components of the sample, particularly metals (e.g., copper, zinc, and
aluminum), are at concentrations normally associated with acute toxicity to C. dubia
(Schubauer-Berigan et al. 1993). It was expected at the outset of the testing that the EDTA and
solid phase extraction sample manipulation would remove or reduce toxicity, thereby implicating

cationic metals as a suspect toxicant. However, toxicity was not affected by these manipulations.

5.2.2 Wilson Creek Toxicity Potential

"The primary concern regarding potential effects of the discharge with respect to TDS and
sulfate criteria is potential toxic effects due to elevated TDS and sulfate concentrations in the
receiving stream. Toxic effects of TDS and sulfate depend on the ionic composition of the entire
matrix (Mount et al. 1997). Therefore, this analysis evaluated the predicted toxicity of the
discharge after it is mixed with the upstream flow. Although the upstream flow dilutes the
discharge, it also changes the ionic composition. The sample collected from WIL-5 represents
the combined effects of TDS from upstream and the discharge and is therefore an appropriate
sample to use as a basis for evaluating toxic effects of the discharge.

The STR-based analysis of ionic composition provided in Section 4.0 (Results) indicated
that effluent concentrations of sodium, potassium, calcium, magnesium, chloride, sulfate, and
bicarbonate would need to be approximately nine times higher than the June 2 sample to cause
acute toxicity at WIL-5, and three times higher to cause sub-lethal toxicity at WIL-S, This
analysis indicates that, in the context of the actual matrix to which aquatic life is exposed
(i.e., Wilson Creek below Outfall 001), TDS and sulfate concentrations would need to reach
approximately 1,142 mg/L and 554 mg/L, respectively, to cause sub-lethal toxicity. It is FTN’s
experience that the STR model typically overestimates toxicity. Therefore, these threshold

-estimates are conservative.

These values can be compared with the summary suifate and TDS concentrations from

combined data from Outfall 001, WIL-6, and WILL (Table 5.1). This comparison shows that

Table 5.1 concentrations of sulfate and TDS are well below the conservative predicted sub-lethal
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toxicity thresholds. Therefore, sub-lethal toxicity due to TDS and/or sulfate should not occur in

either the outfall or in Wilson Creek downstream of the outfall.

Table 5.1. Summary of combined mineral data from Outfall 001, WIL-6, and WILL monitoring.

10 7.7 140 260

20 9 148.6 280

30 12 181 341

40 13 197.2 370

. 50 14 210 390

Percentile <0 T 550 400
70 16.9 240 419

80 18.6 250 430

90 41.3 260 460

95 55.7 260 543

Maximum 78 260 850
Minimum 5 125 200
Average 18.9 202.7 380
Number 38 70 88

Period of Record 4/19/07 — 6/1/09 | 5/23/07 — 6/1/09 | 5/19/07 — 6/1/09

As explained in Section 4.2.2, a similar approach cannot be used to evaluate chloride

toxicity. Accordingly, this evaluation of chloride toxicity focused chronic reference toxicant
testing conducted as part of AIC’s routine QA/QC program. This information (Table 3.2)
indicates that the lowest IC25 value in routine QA/QC testing (conducted January 2008 through
March 2009) was 238 mg/L chloride. This threshold is well above the maximum measured
chloride concentration from Wilson Creek as provided in Table 5.1. Therefore, sub-lethal

toxicity due to chloride should not occur in either the outfall or in Wilson Creek downstream of
the outfall.
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5.3 Biological Communities

5.3.1 Fish Communities _

Overall fish species richness was low at all sites with a total of only four species present.
This condition is expected given the perennial nature of Wilson Creek upstream of Outfall 001
and inflows from the Spaulding area seeps that affect water quality.

No fish were collected at WIL-2. This reach shows low pH levels due to the influence of
seep inflow. The substrate at the WIL-2 reach was impacted with consolidated precipitate that
provides a poor substrate for aquatic life support. These impacts to the physical substrate as well
as toxic effects due to the influence of seep inflow (discussed below) account for the absence of
fish at this location.

A similar effect was seen at WIL-1 relative to WILS. The orangebelly darter
(E. radiosum) was absent at WIL-1, even though riffles were present and habitat scores were
similar to WILS where orangebelly darters were present. This difference is likely due to lowered
pH levels at WIL-1 (pH = 4.8; Table 4.1) due to the inﬂuenoe of the seeps. Orangebelly darters
were similarly absent at WIL-2.5. Although this reach contained a larger proportion of pool
habitat (Table 4.5), which is consistent with the presence of green sunfish (L. cyanellus),
sufficient riffle habitat seemed to be present to support darters. As with WIL-2, the absence of
darters at WIL-2.5 is likely due to lowered pH (pH = 5.0; Table 4.1).

The total habitat score (Table 4.6) downstream of Outfall 001 at WIL-6 was similar to
upstream, but the distribution of scores among the habitat characteristics differed. WIL-6 had
lower quality substrate (greater embeddedness) but a greater diversity of flow regimes. Higher
fish species richness (four species) at WIL-6 compared to upstream locations is attributable to
the stream’s larger size (flows increase by a factor of 8 due to the discharge; Table 4.1).
However, Wilson Creek at WIL-6 is still a small shallow stream, with an estimated average
depth and width of only 0.1 meter and 2 meters, respectively. The absence of small cyprinids
(minnows) in this portion of Wilson Creek is likely due to the high abundance of the predaceous
creek chub whose numbers are, in turn, unchecked due to the absence of larger predators

(e.g., Micropterus sp.). The absence of larger predators is likely a function of the small size of

Wilson Creek.
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5.3.2 Benthic Macroinvertebrate Communities

In contrast to the fish communities, benthic communities did not show strong differences
among stations even immediately downstream of the influence of the seeps (e.g., WIL-2.5).
There was no apparent pattern among locations in the number of taxa, % EPT or relative
abundance functional feeding groups. Lower taxa richness and % EPT was observed below
Outfall 001 (WIL-6) compared to upstream stations. This difference is likely due to a greater
proportion of riffles in the upstream reaches. Riffle habitats are known to support, in general, a

greater variety of benthic invertebrates than pools.
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6.0 SUMMARY AND CONCLUSIONS

6.1 Agquatic Life-Limiting Factors

Benthic diversity and abundance increases below the toxic inflows from the seeps, even
though there is a decrease in habitat quality. This result indicates that the fish community is the
most sensitive indicator of water quality changes in the locations upstream of Outfall 001,
Habitat, water quality, and biological sampling and toxicity evaluation in Wilson Creek indicate
that aquatic life (as indicated by the fish community) in the stations upstream from Outfall 001,
but downstream from the UMETCO property line, is limited by a combination of water quality
and habitat. The seasonal nature of upper Wilson Creek within the UMETCO property supports a
low-baseline level of diversity and abundance due to seasonal flows and small stream size that is
further limited by inflows from seeps. Water quality limitation at these reaches is due to low pH
and associated factors (e.g., zinc toxicity), but not to concentrations of sulfate and TDS.

Downstream of Outfall 001, the discharge dominates water quality. Fish diversity
increases, and is likely limited by the size of the stream (small and shallow) and somewhat
embedded substrate. The predominance of shallow pool habitat at the downstream location
WIL-6 likely limits benthic diversity relative to the upstream locations. Although TDS and
sulfate concentrations still exceed Ouachita Mountain ecoregion criteria below the discharge,
these levels are well below conservative toxic thresholds based on the STR model (Mount et
al. 1997). Because current sulfate and TDS concentrations do not appear to limit aquatic life in
either the upstream reaches (aquatic life habitat- and water quality-limited) or downstream
reaches (aquatic life habitat-limited), site-specific criteria for sulfate and TDS are appropriate
and justified. The previous UAA submittal (WEI 2004) presented supporting justification for the
criteria changes, including a discussion on the economic infeasibility of treatment for dissolved

minerals as an option.

6.2 Recommended Site-Specific Criteria
Site-specific criteria for sulfate and TDS in Wilson Creek are justified because neither

parameter limits aquatic life use attainment (seasonal Ouachita Mountain ecoregion fishery
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upstream of Outfall 001; perennial Ouachita Mountain ecoregion fishery downstream of
Outfall 001 due to the presence of the continuous discharge). Accordingly, the recommended

site~-specific criteria should be concentrations that reflect current conditions.

6.2.1 Wilson Creek Downstream of Outfall 001

Because the Outfall 001 discharge dominates low flows in Wilson Creek downstream of
the outfall, routine DMR monitoring data from the last 2 years of monitoring were selected as a
partial basis for the site-specific criteria. Additional monitoring data were also used from
UMETCO’s monitoring of Wilson Creek at WIL-6 and WILL (see Figure 2.2) as part of the
Consent Administrative Order (CAO) agreement with ADEQ. This summary indicates instream
exceedances of the ecoregion minerals criteria. The derivation of the proposed site-specific
criteria for chloride, sulfate, and TDS involved computing the 95" percentile of each parameter
from the combined data set from Outfall 001, WIL-6, and WILL. These data are provided in
Appendix A and summarized in Table 5.1. The 95" percentile sulfate and TDS concentrations
from the combined data set were 260 mg/L sulfate and 543 mg/L. TDS (Table 5.1). These values
are herein proposed as-site-specific criteria for Wilson Creek from Outfall 001 to Lake
Catherine. They are well below the conservative chronic toxicity thresholds developed in
Sections 4 and 5 of this document. .

As explained in Section 4.2.2, a similar STR-model-based approach cannot be used to
evaluate chloride toxicity. Accordingly, the evaluation presented in Section 5.2.2 is presented as
a basis for a site-specific chloride criterion. The 95" percentile value of Wilson Creek chloride
concentrations (Table 5.1) is 55.7 mg/L. This value is well Below the lowest IC25 value in
routine QA/QC testing (238 mg/L chloride; Table 3.2). Therefore, a value of 56 mg/L chloride is |

herein proposed as a site-specific chloride criterion for Wilson Creek downstream of Qutfall 001.

6.2.2 Wilson Creek Upstream of Outfall 001 .
UMETCO has conducted semiannual sampling of selected locations, including WIL-2,
on Wilson Creek since 1995. For this evaluation, monitoring data from WIL-2 from May 2007

through January 2009 were selected to represent current TDS and sulfate concentrations
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upstream of Outfall 001. Monitoring data are presented in Table 6.1. A valid 95" percentile value
cannot be estimated using only five data points. Alternatively, the 95" percentile can be

estimated by solving for y; in the following equation:

7 = i~y
SYi
Where: Z is the area under the standardized normal curve containing 95%
of the data,
Vi is the value of the variable corresponding to Z,
y is the mean of y;, and

is the standard deviation of'y;,

This approach can be used only if the data are normally distributed. Both the TDS and
sulfate data were normally distributed per the Shapiro-Wilkes test for normality (p > 0.05).
Therefore, the calculated means and standard deviations (Table 6.1) were used in the above
equation with a Z value of 1.645 interpolated from Table A in Rohlf and Sokal (1995).
Accordingly, the 95" percentile values obtained were 203 mg/L for TDS and 119 rﬂg/L for
sulfate to represent current conditions in Wilson Creek upstream of Outfall 001.

- Under current conditions, these values represent appropriate site-specific criteria for
Wilson Creek upstream of the Outfall 001 discharge, but downstream of the UMETCO property
line. However, if future activities at the UMETCO site include treatment of the water flowing
from the seeps, elevated sulfate and TDS levels in the upper reaches of Wilson Creek can be
expected. While such treatment activities, if implemented, will raise mineral concentrations, they
will also make the water quality more suitable for aquatic life support. This treatment can be
expected to raise mineral concentrations in Wilson Creek upstream of the Outfall 001 discharge
to levels comparable to Wilson Creek downstream of the Outfall 001 discharge. Because the
mineral concentrations in Wilson Creek do not limit aquatic life downstream of the discharge,

similar concentrations should not limit aquatic life upstream of the discharge. Therefore, to allow
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future treatment of areas draining Wilson Creek upstream of Outfall 001, it is proposed that the
same site-specific chloride, sulfate and TDS criteria (Table 6.2) be applied to the entirety of
Wilson Creek from the upstream UMETCO property boundary to Lake Catherine.

Table 6.1. Results of routine semiannual TDS and sulfate measurements at WIL-2. -

05-23-07 130 70
12-31-07 70 40
01-30-08 100 50
07-08-08 200 120
01-12-09 70 40
Mean 114.000 64.000
Standard Deviation 54.1295 33.6155
Table 6.2. Summary of recommended site-specific TDS, sulfate, and chloride criteria fo
Wilson Creek., A ‘

Upstream of Outfall 001 from a point on Wilson Creek TDS 142 543
approximately 0.85 mile upstream from Outfall 001 at the Sulfate 20 260
UMETCO property line down to Outfall 001 Chloride 15 56
‘ - TDS 142 543
Downstream of Outfall 001 to Lake Catherine Sulfate 20 260
Chloride 15 56

6.3 Downstream Effects on Lake Catherine

The criteria proposed herein do not represeht a change from current conditions.
Therefore, current water quality in Lake Catherine, which is meeting state water quality
standards (as determined by its absence from the draft Arkansas 2008 303(d) list 6f impaired
waters), will not change as a result of criteria implementation. Therefore, the current UMETCO

discharge into Wilson Creek, and the proposed sulfate and TDS criteria, which are based on

6-4




August 28,2009

current conditions, are consistent with attainment of downstream water quality criteria and

designated uses.
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APPENDIX A

Table Al. Chloride, sulfate, and TDS data used to derive site-specific criteria for Wilson Creek.

Chloride OUTFALL 001 12-Jun-07 L63168 ACZ 15
Chloride OUTFALL 001 15-Nov-07 L66336 ACZ 19
Chloride OUTFALL 001 20-Nov-07 L66410 ACZ 19
Chloride OUTFALL 001 27-Nov-07 L66501 ACZ 18
Chloride OUTFALL 001 13-Dec-07 L66776 ACZ 16
Chloride OUTFALL 001 18-Dec-07 L66834 ACZ 15
Chloride OUTFALL 001 27-Dec-07 L66969 ACZ 14
Chloride OUTFALL 001 03-Jan-08 L67032 ACZ 17
Chloride OUTFALL 001 09-Jan-08 L67142 ACZ 17
Chloride OUTFALL 001 16-Jan-08 L67276 ACZ 16
Chloride OUTFALL 001 24-Jan-08 L67395 ACZ 15
Chloride OUTFALL 001 30-Jan-08 167465 ACZ 14
Chloride OUTFALL 001 06-Feb-08 L67580 ACZ 16
Chloride OUTFALL 001 14-Feb-08 L67686 ACZ 16
Chloride OUTFALL 001 20-Feb-08 L67791 ACZ 13
Chloride OUTFALL 001 27-Feb-08 L67892 ACZ 19
Chloride OUTFALL 001 05-Mar-08 L68026 ACZ 8
Chloride OUTFALL 001 11-Mar-08 L68119 ACZ 9
Chloride OUTFALL 001 19-Mar-08 L68271 ACZ 9
Chloride OUTFALL 001 26-Mar-08 L68373 ACZ 7
Chloride OUTFALL 001 01-Apr-08 168453 ACZ 8
Chloride OUTFALL 001 09-Apr-08 L68617 ACZ 6
Chloride OUTFALL 001 16-Apr-08 L.68742 ACZ 5
Chloride OUTFALL 001 22-Apr-08 L68812 ACZ 7
Chloride OUTFALL 001 01-May-08 L69011 ACZ 8
Chloride OUTFALL 001 | = 07-May-08 L69103 ACZ 7
Chloride OUTFALL 001 13-May-08 L69194 ACZ 10
Chloride OUTFALL 001 20-May-08 169324 ACZ 12
Chloride OUTFALL 001 16-Sep-08 L71861 ACZ 12
Chloride OUTFALL 001 06-Oct-08 172251 ACZ 14
Chloride OUTFALL 001 13-Oct-08 L72442 ACZ 13
Chloride OUTFALL 001 20-Oct-08 L72583 ACZ 13
Chloride OUTFALL 001 27-Oct-08 L72704 ACZ 14
Chloride OUTFALL 001 03-Nov-08 L72821 ACZ 12
Chloride OUTFALL 001 11-Nov-08 L73002 ACZ 14
Chloride OUTFALL 001 17-Nov-08 L73100 ACZ 14
Chloride OUTFALL 001 24-Nov-08 L73238 ACZ 14
Chloride OUTFALL 001 01-Dec-08 173293 ACZ 14




]

Table A.1. Chloride, sulfate, and TDS data used to derive site-specific criteria (continued).

nalyte
Chloride OUTFALL 001 06-Jan-09 1.73828 ACZ 14
Chloride OUTFALL 001 12-Jan-09 173916 ACZ 15
Chloride OUTFALL 001 19-Jan-09 L.74021 ACZ 16
Chloride OUTFALL 001 26-Jan-09 1.74159 ACZ 13
Chloride OUTFALL 001 02-Feb-09 174227 ACZ 14
Chloride OUTFALL 001 10-Feb-09 1.74377 ACZ 15
Chloride OUTFALL 001 16-Feb-09 1.74450 ACZ 14
Chloride OUTFALL 001 23-Feb-09 174543 ACZ 14
Chloride OUTFALL 001 02-Mar-09 L74651 ACZ 13
Chloride OUTFALL 001 09-Mar-09 L74775 ACZ 14
Chloride OUTFALL 001 16-Mar-09 1.74860 ACZ 13
Chloride OUTFALL 001 23-Mar-09 L74957 ACZ 13
Chloride OUTFALL 001 30-Mar-09 L75055 ACZ 13
Chloride OUTFALL 001 09-Apr-09 175238 ACZ 11
Chloride OUTFALL 001 14-Apr-09 L75293 ACZ 9
Chloride OUTFALL 001 20-Apr-09 L.75373 ACZ 9
Chloride OUTFALL 001 28-Apr-09 L75502 ACZ 9
Chloride OUTFALL 001 05-May-09 L75628 ACZ 8
Chloride OUTFALL 001 05-May-09 175628 ACZ 8
Chloride OUTFALL 001 11-May-09 L75727 ACZ 6
Chloride | OUTFALL 001 19-May-09 1.75900 ACZ 6
Chloride OUTFALL 001 27-May-09 L76078 ACZ 6
Chloride OUTFALL 001 01-Jun-09 L76150 ACZ 7
Chloride WIL-6 19-Apr-07 1.62148 ACZ 70
Chloride WIL-6 26-Apr-07 162246 ACZ 39
Chloride WIL-6 03-May-07 1.62384 ACZ 55
Chloride WIL-6 10-May-07 162546 ACZ 42
Chloride WILL 23-May-07 162821 ACZ 13
Chloride WILL 06-Dec-07 L66678 ACZ 56
Chloride WILL 31-Dec-07 L67005 ACZ 18
Chloride WILL 08-Jan-08 167099 ACZ 17
Chloride WILL 30-Jan-08 167467 ACZ 24
Chloride WILL 20-Feb-08 L67784 ACZ 15
Chloride WILL 11-Mar-08 L68140 ACZ 11
Chloride WILL 01-Apr-08 168444 ACZ 9
Chloride WILL 12-May-08 1.69164 ACZ 41
Chloride WILL 24-Jun-08 170082 ACZ 69
Chloride WILL 02-Jul-08 170264 ACZ 78
Chloride ’ WILL 08-Jul-08 L70373 ACZ 52
Chloride WILL 04-Aug-08 1.70935 ACZ 77
Chloride WILL 08-Sep-08 1.71684 ACZ 53

e
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Table A.1. Chloride, sulfate, and TDS data used to derive site-specific criteria (continued).

Chloride WILL 01-Oct-08 L72179 ACZ 39
Chloride WILL 17-Nov-08 L73094 ACZ 26
Chloride WILL 08-Jan-09 173875 ACZ 20
Chloride WILL 12-Jan-09 L73905 ACZ 18
Chloride WILL 02-Feb-09 174235 ACZ 18
Chloride WILL 02-Mar-09 L74659 ACZ 17
Chloride WILL 02-Apr-09 L75102 ACZ 18
Chloride WILL 05-May-09 L75627 ACZ 11
Chloride WILL 01-Jun-09 L76149 ACZ 11
Sulfate OUTFALL 001 04-Jun-07 L63035 ACZ 260
Sulfate OUTFALL 001 12-Jun-07 L63168 ACZ 250
Sulfate OUTFALL 001 12-Jun-07 L63169 ACZ 260
Sulfate OUTFALL 001 17-Sep-07 L65085 ACZ 260
Sulfate OUTFALL 001 24-Sep-07 L65232 ACZ 250
Sulfate OUTFALL 001 09-Oct-07 L65568 ACZ 250
Sulfate OUTFALL 001 16-Oct-07 L65709 ACZ 260
Sulfate OUTFALL 001 22-Oct-07 L65832 ACZ 260
Sulfate OUTFALL 001 31-Oct-07 L66035 ACZ 260
Sulfate OUTFALL 001 07-Nov-07 L66167 ACZ 250
Sulfate OUTFALL 001 15-Nov-07 L66336 ACZ 260
Sulfate OUTFALL 001 20-Nov-07 L66410 ACZ 250
Sulfate OUTFALL 001 27-Nov-07 L66501 ACZ 260
Sulfate OUTFALL 001 13-Dec-07 L66776 ACZ 260
Sulfate OUTFALL 001 18-Dec-07 L66834 ACZ 240
Sulfate OUTFALL 001 27-Dec-07 L66969 ACZ 230
Sulfate OUTFALL 001 03-Jan-08 L67032 ACZ 240
Sulfate ' OUTFALL 001 09-Jan-08 L67142 ACZ 250
Sulfate OUTFALL 001 16-Jan-08 L67276 ACZ 250
Sulfate OUTFALL 001 24-Jan-08 L67395 ACZ 240
Sulfate OUTFALL 001 30-Jan-08 L67465 ACZ 240
Sulfate OUTFALL 001 06-Feb-08 L67580 ACZ 240
Sulfate OUTFALL 001 14-Feb-08 L67686 ACZ 230
Sulfate OUTFALL 001 20-Feb-08 L67791 ACZ 210
Sulfate OUTFALL 001 277-Feb-08 L67892 ACZ 181
Sulfate OUTFALL 001 05-Mar-08 L68026 ACZ 150
Sulfate OUTFALL 001 11-Mar-08 L68119 ACZ 147
Sulfate OUTFALL 001 19-Mar-08 L68271 ACZ 134
Sulfate OUTFALL 001 26-Mar-08 L68373 ACZ 134
Sulfate " OUTFALL 001 01-Apr-08 L68453 ACZ 131
Sulfate OUTFALL 001 09-Apr-08 L68617 ACZ 125
Sulfate OUTFALL 001 16-Apr-08 L68742 ACZ 125




Table A.1. Chloride, sulfate, and TDS data used to derive site-specific criteria (continued).

te
Sulfate OUTFALL 001 22-Apr-08 L68812 ACZ
Sulfate OUTFALL 001 01-May-08 L69011 ACZ
Sulfate OUTFALL 001 07-May-08 169103 ACZ
Sulfate OUTFALL 001 13-May-08 169194 ACZ
Sulfate OUTFALL 001 20-May-08 L69324 ACZ
Sulfate OUTFALL 001 16-Sep-08 L71861 ACZ
Sulfate OUTFALL 001 06-Oct-08 172251 ACZ
Sulfate OUTFALL 001 13-Oct-08 L72442 ACZ
Sulfate OUTFALL 001 20-Oct-08 172583 ACZ
Sulfate OUTFALL 001 27-Oct-08 L72704 ACZ
Sulfate OUTFALL 001 03-Nov-08 172821 ACZ
Sulfate OUTFALL 001 11-Nov-08 L73002 ACZ
Sulfate OUTFALL 001 17-Nov-08 173100 ACZ
Sulfate OUTFALL 001 24-Nov-08 173238 ACZ
Sulfate OUTFALL 001 01-Dec-08 173293 ACZ
Sulfate OUTFALL 001 06-Jan-09 173828 ACZ
Sulfate OUTFALL 001 12-Jan-09 . L73916 ACZ
Sulfate OUTFALL 001 19-Jan-09 L74021 ACZ
Sulfate OUTFALL 001 26-Jan-09 L74159 ACZ
Sulfate OUTFALL 001 | - 02-Feb-09 L74227 ACZ
Sulfate OUTFALL 001 10-Feb-09 L74377 ACZ
Sulfate OUTFALL 001 16-Feb-09 174450 ACZ
Sulfate QUTFALL 001 23-Feb-09 174543 ACZ
Sulfate OUTFALL 001 02-Mar-09 L74651 ACZ
Sulfate OUTFALL 001 09-Mar-09 L74775 ACZ
Sulfate OUTFALL 001 16-Mar-09 L.74860 ACZ
Sulfate | OUTFALL 001 23-Mar-09 L74957 ACZ
Sulfate OUTFALL 001 30-Mar-09 175055 ACZ
Sulfate OUTFALL 001 - 09-Apr-09 L75238 ACZ
Sulfate OUTFALL 001 14-Apr-09 L.75293 ACZ
Sulfate OUTFALL 001 20-Apr-09 175373 ACZ
Sulfate OUTFALL 001 28-Apr-09 L.75502 ACZ
Sulfate OUTFALL 001 05-May-09 L75628 ACZ
Sulfate OUTFALL 001 05-May-09 175628 ACZ
Sulfate QUTFALL 001 11-May-09 L75727 ACZ
Sulfate OUTFALL 001 19-May-09 L75900 ACZ
Sulfate OUTFALL 001 27-May-09 L76078 ACZ
Sulfate OUTFALL 001 01-Jun-09 L.76150 ACZ
. Sulfate WILL 23-May-07 162821 ACZ
Sulfate WILL 06-Dec-07 L66678 ACZ
Sulfate WILL 31-Dec-07 L67005 ACZ




,,,,,

. . ]

Table A.1. Chloride, sulfate, and TDS data used to derive site-specific criteria (continued).

aly (
Sulfate WILL 08-Jan-08 1L.67099 ACZ 240
Sulfate WILL 30-Jan-08 L67467 ACZ 240
Sulfate WILL 20-Feb-08 L.67784 ACZ 210
Sulfate WILL 11-Mar-08 168140 ACZ 152
Sulfate WILL 01-Apr-08 1.68444 ACZ 140
Sulfate WILL 12-May-08 L69164 ACZ 200
Sulfate WILL 24-Jun-08 170082 ACZ 260
Sulfate WILL 02-Jul-08 170264 ACZ 310
Sulfate WILL 08-Jul-08 1.70373 ACZ 240
Sulfate WILL 04-Aug-08 L.70935 ACZ 300
Sulfate WILL 08-Sep-08 L.71684 ACZ 160
Sulfate WILL 01-Oct-08 L72179 ACZ 170
Sulfate WILL 17-Nov-08 L.73094 ACZ 240
Sulfate WILL 08-Jan-09 173875 ACZ 250
Sulfate WILL 12-Jan-09 - 1.73905 ACZ 240
Sulfate WILL 02-Feb-09 174235 ACZ 250
Sulfate WILL 02-Mar-09 L.74659 ACZ 230
Sulfate WILL 02-Apr-09 L75102 ACZ 220
Sulfate WILL 05-May-09 175627 ACZ 150
Sulfate WILL 01-Jun-09 176149 ACZ 180
Total Dissolved Solids OUTFALL 001 12-Jun-07 L63168 ACZ 450
Total Dissolved Solids OUTFALL 001 15-Nov-07 L.66336 ACZ 410
Total Dissolved Solids OUTFALL 001 20-Nov-07 1.66410 ACZ 440
Total Dissolved Solids OUTFALL 001 27-Nov-07 1.66501 ACZ 460
Total Dissolved Solids OUTFALL 001 13-Dec-07 166776 ACZ 430
Total Dissolved Solids OUTFALL 001 18-Dec-07 1.66834 ACZ 420
Total Dissolved Solids OUTFALL 001 27-Dec-07 L66969 ACZ 410
Total Dissolved Solids OUTFALL 001 03-Jan-08 167032 ACZ 410
Total Dissolved Solids OUTFALL 001 09-Jan-08 L.67142 ACZ 430
Total Dissolved Solids OUTFALL 001 16-Jan-08 1L.67276 ACZ 410
Total Dissolved Solids OUTFALL 001 24-Jan-08 L67395 ACZ 430
Total Dissolved Solids OUTFALL 001 30-Jan-08 167465 ACZ 430
Total Dissolved Solids OUTFALL 001 06-Feb-08 L.67580 ACZ 420
Total Dissolved Solids OUTFALL 001 14-Feb-08 L67686 ACZ 410
Total Dissolved Solids OUTFALL 001 20-Feb-08 1.67791 ACZ 370
Total Dissolved Solids OUTFALL 001 27-Feb-08 167892 ACZ 340
Total Dissolved Solids OUTFALL 001 05-Mar-08 1.68026 ACZ 260
Total Dissolved Solids OUTFALL 001 11-Mar-08 1.68119 ACZ 280
Total Dissolved Solids OUTFALL 001 19-Mar-08 1.68271 ACZ 250
Total Dissolved Solids | OUTFALL 001 26-Mar-08 168373 ACZ 240
Total Dissolved Solids OUTFALL 001 01-Apr-08 1.68453 ACZ 250
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Table A.1. Chloride, sulfate, and TDS data used to derive site-specific criteria (continued).

Total Dissolved Solids | OUTFALL 001 09-Apr-08 1.68617 ACZ 200
Total Dissolved Solids | OUTFALL 001 16-Apr-08 168742 ACZ 220
Total Dissolved Solids | OUTFALL 001 22-Apr-08 168812 ACZ 240
Total Dissolved Solids | OUTFALL 001 01-May-08 L69011 ACZ 260
Total Dissolved Solids | OUTFALL 001 07-May-08 1.69103 ACZ 300
Total Dissolved Solids | OUTFALL 001 13-May-08 1.69194 ACZ 340
Total Dissolved Solids | OUTFALL 001 20-May-08 169324 ACZ 370
Total Dissolved Solids | OUTFALL 001 16-Sep-08 171861 ACZ 350
Total Dissolved Solids | OUTFALL 001 06-Oct-08 172251 ACZ 380
Total Dissolved Solids | OUTFALL 001 13-Oct-08 172442 ACZ 370
Total Dissolved Solids | OUTFALL 001 20-Oct-08 1.72583 ACZ 380
Total Dissolved Solids | OUTFALL 001 27-0O¢t-08 172704 ACZ 390
Total Dissolved Solids | OUTFALL 001 03-Nov-08 172821 ACZ 380
Total Dissolved Solids | OUTFALL 001 11-Nov-08 1.73002 ACZ 400
Total Dissolved Solids | OUTFALL 001 17-Nov-08 L73100 ACZ 850
Total Dissolved Solids | OUTFALL 001 24-Nov-08 173238 ACZ 400
Total Dissolved Solids OUTFALL 001 01-Dec-08 1.73293 ACZ 400
Total Dissolved Solids OUTFALL 001 06-Jan-09 173828 ACZ 400
Total Dissolved Solids | OUTFALL 001 12-Jan-09 L73916 ACZ 420
Total Dissolved Solids | OUTFALL 001 19-Jan-09 1.74021 ACZ 410
Total Dissolved Solids OUTFALL 001 26-Jan-09 L74159 ACZ 400
Total Dissolved Solids OUTFALL 001 02-Feb-09 174227 ACZ 420
Total Dissolved Solids | OUTFALL 001 10-Feb-09 L.74377 ACZ 400
Total Dissolved Solids | OUTFALL 001 16-Feb-09 L74450 ACZ 400
Total Dissolved Solids OUTFALL 001 23-Feb-09 1.74543 ACZ 390
Total Dissolved Solids | OUTFALL 001 02-Mar-09 174651 ACZ 360
Total Dissolved Solids OUTFALL 001 09-Mar-09 L.74775 ACZ 360
Total Dissolved Solids | OUTFALL 001 16-Mar-09 174860 ACZ 370
Total Dissolved Solids | OUTFALL 001 23-Mar-09 174957 ACZ 380
Total Dissolved Solids OUTFALL 001 30-Mar-09 175055 ACZ 360
Total Dissolved Solids | OUTFALL 001 09-Apr-09 175238 ACZ 300
Total Dissolved Solids | OUTFALL 001 14-Apr-09 1.75293 ACZ 270
Total Dissolved Solids | OUTFALL 001 20-Apr-09 175373 ACZ 260
Total Dissolved Solids | OUTFALL 001 28-Apr-09 L.75502 ACZ 280
Total Dissolved Solids | OUTFALL 001 05-May-09 1.75628 ACZ 260
Total Dissolved Solids | OUTFALL 001 05-May-09 L.75628 ACZ 260
Total Dissolved Solids | OUTFALL 001 11-May-09 175727 ACZ 260
Total Dissolved Solids | OUTFALL 001 19-May-09 L75900 ACZ 250
Total Dissolved Solids | OUTFALL 001 27-May-09 L.76078 ACZ 280
Total Dissolved Solids | OUTFALL 001 01-Jun-09 L76150 ACZ 290 -
Total Dissolved Solids WIL-6 19-Apr-07 162148 ACZ 570
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Table A.1. Chloride, sulfate, and TDS data used to derive sité-speciﬁc criteria (continued).

Total Dissolved Solids WIL-6 26-Apr-07 162246 ACZ 450
Total Dissolved Solids WIL-6 03-May-07 1.62384 ACZ 490
Total Dissolved Solids WIL-6 10-May-07 1.62546 ACZ 460
Total Dissolved Solids WILL 23-May-07 1.62821 ACZ 340
Total Dissolved Solids WILL 06-Dec-07 L66678 ACZ 530
Total Dissolved Solids WILL 31-Dec-07 L67005 ACZ 410
Total Dissolved Solids WILL 08-Jan-08 L.67099 ACZ 430
Total Dissolved Solids WILL 30-Jan-08 L67467 ACZ 440
Total Dissolved Solids WILL 20-Feb-08 167784 ACZ 370
Total Dissolved Solids WILL 11-Mar-08 L68140 ACZ 280
Total Dissolved Solids WILL 01-Apr-08 L.68444 ACZ 260
Total Dissolved Solids WILL 12-May-08 L69164 ACZ 400
Total Dissolved Solids WILL 24-Jun-08 L70082 ACZ 550
Total Dissolved Solids WILL 02-Jul-08 1.70264 ACZ 630
Total Dissolved Solids WILL 08-Jul-08 170373 ACZ 470
Total Dissolved Solids WILL 04-Aug-08 L70935 ACZ 590
Total Dissolved Solids WILL 08-Sep-08 171684 ACZ 390
Total Dissolved Solids WILL 01-Oct-08 1.72179 ACZ 380
Total Dissolved Solids WILL 17-Nov-08 173094 ACZ 420
Total Dissolved Solids WILL 08-Jan-09 1.73875 ACZ 420
Total Dissolved Solids WILL 12-Jan-09 L.73905 ACZ 420
Total Dissolved Solids WILL 02-Feb-09 174235 ACZ 440
Total Dissolved Solids WILL 02-Mar-09 1L.74659 ACZ 370
Total Dissolved Solids WILL 02-Apr-09 L75102 ACZ 360 -
Total Dissolved Solids WILL 05-May-09 L75627 ACZ 310
Total Dissolved Solids WILL 01-Jun-09 176149 ACZ 300




