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EXECUTIVE SUMMARY

A dike failed on December 22, 2008, at the Kingston Fossil Plant releasing approximately 5.4
million cubic yards of fly ash that ultimately reached the Emory River. As a result, TVA
developed a Kingston Fossil Plant Fly Ash Recovery Plan for Phase I Dredging Operations
which included a number of toxicological tests. The University of Maryland Wye Research and
Education Center (WREC) was tasked to conduct 96-hour acute survival tests with Ceriodaphnia
dubia and Pimephales promelas exposed to elutriates of ash samples prepared from cores
collected immediately upstream and downstream of the most impacted area of the Emory River.
In addition, WREC was tasked to send samples of the elutriates to Test America for chemical
analysis.

Upstream and downstream ash samples were obtained by TVA personnel from the Emory River
on March 17, 2009. Unaffected Emory River water (ERM 12.2), which was received from TVA
on March 31, 2009, was used to prepare the ash elutriates and also served as the dilution water
for the various elutriate toxicity treatments. Both the C. dubia and P. promelas 96-hour acute
toxicity tests were initiated on April 1, 2009. Aliquots taken from the ash elutriates used to
initiate the toxicity tests were shipped to Test America on April 2, 2009, for chemical analyses.

The elutriates (including the centrifuged elutriates) prepared from the Emory River upstream and

downstream ash samples were not acutely toxic (p > 0.05) to C. dubia (see Table).

Summary of the Results of the C. dubia 96-Hour
Survival Ash Elutriate Toxicity Test

Treatment No. of No. of Mean Mean
Replicates  Animals per Upstream Downstream
Replicate  Survival (%) Survival (%)

MHSW Negative Control 5 5 100 100
Emory River Control 5 5 100 100
6.25 % eclutriate 5 5 100 100
12.5 % elutriate 5 5 100 100
25 % elutriate 5 5 100 100
50 % elutriate 5 5 100 100
100 % elutriate 5 5 100 92

100 % elutriate (Centrifuged) 5 5 100 100

Likewise, the non-centrifuged and centrifuged elutriates prepared from the Emory River
upstream and downstream ash samples were not acutely toxic (p > 0.05) to P. promelas (see
Table).
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Summary of the Results of the P. promelas 96-Hour
Survival Ash Elutriate Toxicity Test

Treatment No. of No. of Mean Mean
Replicates ~ Animals per Upstream  Downstream
Replicate Survival (%) Survival (%)

MHSW Negative Control 5 10 98 98
Emory River Control 5 10 98 98
6.25 % elutriate 5 10 96 96
12.5 % elutriate 5 10 96 92
25 % elutriate 5 10 94 96
50 % elutriate 5 10 92 94
100 % elutriate 5 10 84 96
100 % elutriate (Centrifuged) 5 10 96 98

In summary, C. dubia and P. promelas No Observed Adverse Effect Concentrations (NOAECs)
for survival in both the upstream and downstream elutriates are 100% elutriate by volume. The
96-hour LC50s for both C. dubia and P. promelas exposed to upstream and downstream
elutriates are >100% elutriate by volume.

ES-2
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1.0 INTRODUCTION

A dike failed on December 22, 2008, at the Kingston Fossil Plant releasing approximately 5.4
million cubic yards of fly ash that ultimately reached the Emory River. As a result, TVA
developed a Kingston Fossil Plant Fly Ash Recovery Plan for Phase I Dredging Operations
which included a number of toxicological tests (TVA, 2009). The University of Maryland Wye
Research and Education Center (WREC) was tasked to conduct 96-hour acute survival tests with
C. dubia and P. promelas exposed to elutriates of ash samples prepared from cores collected
immediately upstream and downstream of the most impacted area of the Emory River. In
addition, WREC was tasked to send samples of the elutriates to Test America (Nashville,
Tennessee) for chemical analysis.

Upstream and downstream ash samples were obtained by TVA personnel from the Emory River
on March 17, 2009. Thirteen composite samples of both upstream and downstream ash were
shipped from TVA to WREC via a refrigerated carrier and received at WREC on March 24,
2009. Upon receipt, the 26 ash samples were immediately placed in the dark in a 4 °C
refrigerator. Unaffected Emory River water, which was received from TVA on March 31, 2009,
was used to prepare the ash elutriates and also served as the dilution water for the various
clutriate toxicity treatments. Both the C. dubia and P. promelas 96-hour toxicity tests were
initiated on April 1, 2009, from ash taken from 1 of the 13 upstream and 1 of the 13 downstream
containers. Aliquots taken from the ash elutriates used to initiate the toxicity tests were shipped
to TestAmerica on April 2, 2009, for chemical analyses.

20 MATERIALS AND METHODS
2.1  Preparation of Ash Elutriates

Prior to preparing the elutriates, both the upstream and downstream Emory River ash samples
were stirred in their respective 5-gallon shipping containers with a stainless steel auger attached
to an electric drill to make certain the consolidated ash and overlying water were homogenously
mixed before the ash samples were used to prepare the elutriates. The auger was cleaned prior to
use by soaking overnight in 10% hydrochloric acid followed by an acetone and well water rinse.
The auger was then rinsed three times with distilled water. Both the upstream and downstream
elutriates were prepared by generally following the standard elutriate preparation procedure
given in Section 10.1.2.1 of USEPA Evaluation of Dredged Material Proposed for Discharge in
Waters of the U.S. — Testing Manual Inland Testing Manual (USEPA, 1998).

After mixing of the overlying water and ash in the 5-gallon containers as described above, the
elutriates were prepared by combining 1.5 L of ash with 6 L of unaffected Emory River water in
10 L glass jars that had been cleaned as described above. The ash:water mixture was vigorously
stirred for 30 minutes using a magnetic stir plate and large magnetic stir bar at 25 °C. Prior to
placing the ash:water mixture on the stir plate, the mixture was stirred again using a long-
handled stainless steel spoon cleaned as described above to ensure complete mixing. The
ash:water mixture was also stirred at time 10 and 20 minutes during the 30-minute stirring period
to assure complete mixing.
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After the 30-minute mixing period, the mixtures were allowed to settle for one hour. The
supernatant (elutriate) was then siphoned off without disturbing the settled material. The
turbidity of each elutriate was measured immediately after being siphoned. An aliquot from each
elutriate was also centrifuged at 2000 rpm for 30 minutes at 25 °C for a centrifuged elutriate
toxicity treatment for each species. The turbidity of the centrifuged samples was measured again
following centrifugation. The non-centrifuged and centrifuged elutriate samples were then used
to prepare the test solutions for the toxicity tests and samples for chemical analyses.

Immediately after the toxicity tests were initiated, an aliquot of each of the filtered and
centrifuged elutriates and non-filtered, non-centrifuged elutriates from the upstream and
downstream sites were placed in chemical containers containing acid supplied by Test America.
Upon filling, the chemical containers were refrigerated at 4 °C in the dark. The samples were
shipped on ice to Test America the following day (April 2, 2009) for chemical analyses.

2.2 Toxicity Tests
2.2.1 Ceriodaphnia dubia

The 96-hour survival toxicity test with C. dubia exposed to the elutriates generally followed
USEPA Test Method 2002.0 given in Methods for Measuring the Acute Toxicity of Effluent and
Receiving Waters to Freshwater and Marine Organisms, 5" ed. (USEPA, 2002). A summary of
the test conditions for C. dubia is given in Table 1.

C. dubia were cultured at 25 + 0.5 °C in 600 mL glass beakers filled with 400 mL of MHSW.
The diet consisted of a mixture of Cerophyl® (Cerophyl® Laboratories, Inc., Kansas City,
Missouri) and the green alga, Selenastrum capricornutum, added to the C. dubia culture to
achieve final concentrations of approximately 120 pg Cerophyl®/mL and ~6.7 x 10° S.
capricornutum cells/mL.

All neonates used in the 96-h survival test were produced by C. dubia in a brood board that had
released at least three broods and were <24 hours old at the start of the exposure. The exposures
were conducted in 50 mL glass beakers containing 25 mL of test solution. The test was
conducted in an environmental chamber at 25 = 0.5 ©C under a 16-hours light:8-hours dark
photoperiod (fluorescent lights; 60-85 foot candles at the surface of the exposure vessels). All
test organisms were fed prior to the exposure and at 48-hours.

Temperature, dissolved oxygen (DO), and pH were measured randomly in one replicate in all
upstream and downstream treatments at time O hours and every 24 hours during the 96-hour
exposure. Conductivity, alkalinity, and hardness were measured randomly in one replicate at
time 0 hours and at 96 hours in all treatments. Ammonia was measured randomly in one
replicate at time O hours and at 96 hours. Turbidity was measured in the upstream and
downstream non-centrifuged elutriate samples immediately after the elutriate was prepared;
during test setup; and at the end of the test. No aeration was needed during the exposures
because the DO in the overlying water was >7.1 mg/L at all times.
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Table 1. Summary of Test Conditions and Test Acceptability Criteria for the Ceriodaphnia
dubia 96-Hour Acute Toxicity Test with Emory River Fly Ash Elutriate

Test method: 2002.0
Test type:

Test duration:
Temperature:

Light quality

Light intensity:
Photoperiod:

Test chamber size:
Test solution volume:
Renewal of elutriate:
Age of test organisms:

No. organisms per test chamber:

No. organisms per concentration:

Feeding regime:

Test chamber cleaning:
Test chamber aeration:
Dilution water:

Test concentrations:

Supernatant holding time:
Endpoint:
Test acceptability criterion:

No. replicate chambers per concentration:

In: EPA-821-R-02-012 (USEPA, 2002)
Static, non-renewal

96 hours

25+1°C

Ambient laboratory illumination
60-85 foot candles at surface of water
16 hours light, 8 hours dark

50 mL

25 mL

None

<24-hours old at start of test

5

5

25

Fed YCT and Selenastrum capricornutum
while holding prior to test and at 48 hours;
newly-released young had food available a
minimum of 2 hours prior to use in the test and
at 48 hours; 0.1 mL each of YCT and S.
capricornutum added at 48 hours

Cleaning not required

None
Unaffected Emory River water

Non-Centrifuged: 100, 50, 25, 12.5, and 6.25
% elutriate by volume, 100% unaffected
Emory River (river control), and 100% MHSW
(negative control)

Centrifuged: 100% elutriate

<4 hours

Survival

90% or greater survival in Emory River water
and MHSW negative controls
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2.2.2 Pimephales promelas

The 96-hour survival toxicity test with P. promelas exposed to the elutriates generally followed
USEPA Test Method 2000.0 given in Methods for Measuring the Acute Toxicity of Effluent and
Receiving Waters to Freshwater and Marine Organisms, 5" ed. (USEPA, 2002). A summary of
the test conditions for P. promelas is given in Table 2.

All larvae used in the 96-hour survival test were <24 hours old at the start of the test. The tests
were conducted in 500 mL glass beakers containing 210 mL of test solution. All test organisms
were fed brine shrimp (Artemia sp.) nauplii <24 hours old prior to the exposure and at 48 hours.
The test was conducted at 25 + 0.5 °C under a 16-hours light:8-hours dark photoperiod
(fluorescent lights; 60-85 foot candles at the surface of the exposure vessels). The P. promelas
larvae were obtained from Chesapeake Cultures, Inc. (Hayes, Virginia).

Temperature, DO, pH, and ammonia were measured randomly in one replicate in all upstream
and downstream treatments at time 0 hours and every 24 hours during the 96-hour exposure.
Conductivity, alkalinity, and hardness were measured randomly in one replicate at time 0 hours
and at 96 hours in all treatments. Turbidity was measured in the upstream and downstream non-
centrifuged elutriate sample immediately after the elutriate was prepared; during test setup; and
at the end of the test. No aeration was needed during the exposures because the DO in the
overlying water was >6.7 mg/L at all times.

2.3  Test Endpoints, Test Acceptability Criteria, and Data Analyses

The endpoint for the 96-hour tests was survival. The test acceptability criteria for the toxicity
tests were 90% or greater survival in the Emory River controls and MHSW negative controls.
No statistics were run on the upstream C. dubia data since no mortality occurred at any treatment
including the Emory River controls, MHSW negative controls, and 100% non-centrifuged or
centrifuged elutriate. The remaining data were analyzed as follows. All percent survival data
were arc sine square root transformed before any statistical analyses were conducted. The null
hypothesis that all elutriate treatments were equal was tested using Steel’s Many-One Rank Test
for non-centrifuged treatments (multi-concentration series requirement per USEPA 2002) and
Wilcoxon Rank Sum Test for the centrifuged treatment (single-concentration series requirement
per USEPA 2002). All statistical tests were performed using ToxCalc (TSS, 2006).

2.4 Quality Assurance/Quality Control

As part of WREC’s ongoing quality assurance/quality control program, C. dubia <24 hours old
and P. promelas <24 hours old at the start of the exposures were exposed to the reference
toxicant potassium chloride (KCl) using MHSW. The 48-h LC50s were determined using a
dilution series consisting of five concentrations. The results were compared to in-house
cumulative control chart limits (20 most recent data points).



Tennessee Valley Authority Contract No. 61887
Kingston Fossil Plant Fly Ash Recovery Project

University of Maryland
Final Report

Table 2. Summary of Test Conditions and Test Acceptability Criteria for the Pimephales
promelas 96-Hour Acute Toxicity Test with Emory River Fly Ash Elutriate

Test method: 2000.0
Test type:

Test duration:
Temperature:

Light quality

Light intensity:
Photoperiod:

Test chamber size:
Test solution volume:
Renewal of elutriate:
Age of test organisms:
No. organisms per test chamber:

No. organisms per concentration:
Feeding regime:

Test chamber cleaning:
Test chamber aeration:
Dilution water:

Test concentrations:

Supernatant holding time:
Endpoint:
Test acceptability criterion:

No. replicate chambers per concentration:

In: EPA-821-R-02-012 (USEPA, 2002)
Static, non-renewal

96 hours

25+1°C

Ambient laboratory illumination
60-85 foot candles at surface of water
16 hours light, 8 hours dark

500 mL

210 mL

None

<24 hours at start of test

10

5

50

Artemia sp. nauplii were made available while
holding prior to tests and at 48 hours; 0.2 mL
Artemia sp. nauplii concentrate were added at
48 hours

Cleaning not required

None
Unaffected Emory River water

Non-Centrifuged: 100, 50, 25, 12.5, and 6.25
% elutriate by volume, 100% unaffected
Emory River (river control), and 100% MHSW
(negative control)

Centrifuged: 100% elutriate

<4 hours

Survival

90% or greater survival in Emory River water
and MHSW negative controls
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2.5  Chain of Custody Records

The biomonitoring chain of custody record for the upstream and downstream ash samples were
received and signed when the shipment arrived at WREC on March 24, 2009. The chain of
custody seals on the 26 five-gallon containers (13 upstream and 13 downstream containers) were
all intact upon receipt of the samples. The chain of custody records for the upstream and
downstream ash samples and Emory River samples are given in Attachment 1. The chain of
custody record for the elutriate samples sent to Test America is also presented in Attachment 1.

3.0 RESULTS AND DISCUSSION

The 96-hour upstream and downstream Emory River and MHSW negative controls for both C.
dubia and P. promelas met the test acceptability criteria of 90% or greater survival. One
hundred percent survival occurred in the C. dubia Emory River controls and MHSW negative
controls. Ninety-eight percent survival occurred in the P. promelas Emory River controls and
MHSW negative controls.

The results of C. dubia exposed to the upstream and downstream ash elutriates and 100%
centrifuged elutriates are summarized in Table 3. The laboratory bench sheets for the overlying
elutriate chemistry and survival data for C. dubia are given in Attachment 2. One hundred
percent survival occurred in all upstream treatments; thus, no statistical analyses were performed
because the upstream elutriates were not acutely toxic to C. dubia (Table 3). No significant
difference (p = 1.00) was found between the downstream Emory River controls and MHSW
negative controls; thus, the elutriate dilutions were tested against the Emory River controls. The
non-centrifuged elutriates prepared from the Emory River downstream ash were not acutely toxic
to C. dubia (Table 3). No mortality occurred in the 100% centrifuged elutriate; thus, no statistics
were applied for this single treatment.

No 96-hour LC50 point estimate was attempted since 50% mortality did not occur in these tests.
The statistical analyses for the downstream C. dubia are given in Attachment 2.

The results of the P. promelas exposed to the upstream and downstream ash elutriates and 100%
centrifuged elutriates are summarized in Table 4. The P. promelas laboratory bench sheets for
the overlying elutriate chemistry and survival data are given in Attachment 3. No significant
difference was found between the upstream Emory River controls and MHSW negative controls
(p = 1.00) or between the downstream Emory River controls and MHSW negative controls (p =
0.35); thus, the five elutriate treatments in both data sets were tested against the Emory River
controls. The non-centrifuged elutriates prepared from the Emory River upstream and
downstream ash were not acutely toxic (p > 0.05) to P. promelas (Table 4). No difference (p >
0.05) occurred between the Emory River controls and P. promelas larvae exposed to 100%
centrifuged elutriate.

No 96-hour LC50 could be estimated for the upstream or downstream P. promelas data since
50% mortality did not occur. The statistical analyses for the downstream P. promelas are given
in Attachment 3.
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Table 3. Summary of the Results of the C. dubia 96-Hour
Survival Ash Elutriate Toxicity Test

Treatment No. of No. of Mean Mean
Replicates ~ Animals per Upstream  Downstream
Replicate Survival (%) Survival (%)

MHSW Negative Control 5 5 100 100
Emory River Control 5 5 100 100
6.25 % elutriate 5 5 100 100
12.5 % elutriate 5 5 100 100
25 % elutriate 5 5 100 100
50 % elutriate 5 5 100 100
100 % elutriate 5 5 100 92
100 % elutriate (Centrifuged) 5 5 100 100

Table 4. Summary of the Results of the P. promelas 96-Hour
Survival Ash Elutriate Toxicity Test

Treatment No. of No. of Mean Mean
Replicates ~ Animals per Upstream  Downstream
Replicate Survival (%) Survival (%)

MHSW Negative Control 5 10 98 98
Emory River Control 5 10 98 98
6.25 % elutriate 5 10 96 96
12.5 % elutriate 5 10 96 92
25 % elutriate 5 10 94 96
50 % elutriate 5 10 92 94
100 % elutriate 5 10 84 96
100 % elutriate (Centrifuged) 5 10 96 98

In summary, the C. dubia and P. promelas NOAECs for survival in both the upstream and
downstream elutriates are 100% elutriate by volume. Likewise, the 96-hour LC50s for both C.
dubia and P. promelas exposed to upstream and downstream elutriates are >100% elutriate by
volume.

The KCI reference toxicant 48-h LC50 (and its 95% confidence limits) for C. dubia was 330
(277-385) mg/L which fell within WREC’s acceptable cumulative control chart limits
(Attachment 4). The KCI reference toxicant 48-h LC50 (and its 95% confidence limits) for P.

7
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promelas was 1320 (1318-1458) mg/L which fell within WREC’s acceptable cumulative control
chart limits (Attachment 4).
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ATTACHMENT 2

LABORATORY BENCHSHEETS AND SUPPORTING STUDY DOCUMENTS FOR
THE Ceriodaphnia dubia ELUTRIATE TOXICITY TESTS

(8 Pages)



TVA Emory River Project
Elutriate Tests

Test Species: Cajnoéa@\vmu duoa Age at Start of Test: < 24~ h-o\ (i
Test Dates: 4ijs3 - 715(09

Tem foadve D aso\wed Osygen

Concentration | OH |24H |48H [ 72H |96H |0H |[24H |48H |72H |96

mpswl - Contd 1150 | 280 (254 [iso s R4 &1 179 1%

7
Emny R Cdnd |200 [ 250 |80 (150 [29018S |80 79 |77 |7,
5% Asl-vP 1280 | Ko o5 |2so (250 |84 |80 178 i |
1257 Ahou® |Zso |80 s e |80 184 (80117 | 1L |14
75-‘629 ACSH—UV' 25,0 | 8o 254 52 25,0 3.4' (c‘% O 7% 17 7:‘5'
D An-vR s | B |84 | 250 (2501838 |84 119 76 |74
10T AM- W2 25w |0 |80 L sw 250 186 |80 |75 |12 (72
ContSypd ARIOR AP 25,0 (250 | S0 | 2805 | 350187 | 80| 1.1 |10 174
pH Conduckiv ity
Concentration | OH |24 H |48H | 72H |96H |OH |24H |48H |72H {96 H
masg (o 7,%% 147 7% 1o Z(og} agg 220
o A b3\ 1b.od (610 (L&Y i (Lo
{ﬂ% A vl L6671 6.391644 | 689 1L.0S 1110 2%e)
5% A uP 675 | 642 |68 | 644 1657110 ito
755, A u? AL 6A06A49 645 1657100 1.0
S As v 1,23 16631655 1648 | 6.6 110 40
100% Ak VP [T.6k | 1021637 (629 | 1od | 200 230
CodmGiyeel —>HI00 Ast w0 (TGl | 096] 6481647 [6.86 (130 175
l:’“iﬂb\vm“*} HWC&;HQAB
Concentration | 0H |24 H [48H [72H |96 H |[0H [24H |48H |72H |9 H
Mo - (oo | GO 60 | R0 84 |
Soney Rasr-Cobnnl | 7.0 Zo |32 | kYA
(IS Aok P | 28 %5 | 3, 3k
2% AshUP | 2% AN 3 |
25% Aw v | 2% 25 | 40 44
b Ase uP | 30 zs [ 44 4.4
0% Ase pP | 35 30 [ 52 5.
(ot —A D% A P | 35 35 | 4% 52




TVA Emory River Project
Elutriate Tests

Test Species: ﬁ”ggxo&wﬁh% duie.  Age at Start of Test: < 2% h O\d
Test Dates: 444 9 - 4[5 [0

Anmensa (;T’a'*aﬁm) Twrb doly

Concentration | OH 24H 148H |72H |96H |O0H |24H [48H |72H |9 H

Mpsw < Condol | 0,12 g%‘?
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$0% A u? (0.5 0.29
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oor  @\otvaie pmces‘a - &l



TVA Emory River Project
Elutriate Tests

Test Species: (gnodagaag s,

Test Dates:  4]¢J® - 4ds{o)

Age at Start of Test: 228\ o\d

Number of  Organisms Alive
Concentration 0H 24 H 48 H 72H 9
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TVA Emory River Project
Elutriate Tests

Test Species: Cariodannia duina Age at Start of Test: < 24 1 o\d
Test Dates: 4], L5 - 415 ]09

Tem perokies, B sselyad O pagen

Concentration | 0H |24H {48H [ 72H |96H |0H |[24H |48H |72H |96 H
Pt -Contmol [280 | 2686 (250 | 250 |esw |8A |80 | 719 |17 | 14

Eanany Fowse Gl [ 2800 250 25 | o500 [0 |85 | 84 | 729 | 10 | T

G5 Asw Dow| 8w 1280 | 2854 | &o |80 |85 |80 |18 |17 | 28
12,5% AshDow 250 1280 | 254 | Ze |/0 |8 | 8. 73 | 26 | IE

25 % A pown [ 280|280 e\ [ 286 Jwo I8.S 184 | LT |76 | 74

F0% Ask Doon | TR0 | 760 |28 (280 s [ Bl | 8.2 | 7.6 | LY | T4

100% Asi hown | 250 | 280 | 280 | 25w lwe (87 180 | 7.3 | 22 | 7h
. 3 . T —“ nrﬂ'-“" 76, . 2 . 'u »7“ .
Cw\W%iw? At powl | 180 (260 | IS | 80 [ Zmw | Bl [ B | TS 4 |13

pH Condughudy

Concentration | OH |24 H |48 H |[72H [96H |0H |24H [48H [ 72H [96H

s -Gt 1775 747 7152 [ 7066 17,61 | 270 370

Eitrwey Broe-Coalal | £,30 | 651 | 6.6% [0 [4.68 | 120 o

6,25% Awd Down[ 003|673 |1 6.6 |64 |6LT | TJo oS
2.5% MU N | 606 1671 | bbl [0 | 6.) | T0 Tony

25% A bown |GV | G063 | 6359 | bk 656 | 70 1O

5% Ast o 1660 16,32 [0Sk 1462 1665 | 80 {20

100% Ak powN | 105 1683 1650 1652 1612 oS _ 140
%M,.-:,aﬂ@o% fst oo GRT | 6737 1 6.6 | 6465 (19 | 105 45

At yﬂ,\ W iH H&fd.nqgg

Concentration | OH | 24H |48H |72H |96H |[0H |24H |48H |72H |96 H

sl - Codral | GO o | B0 1 g4
Emony Rusr - Cudrol| 20 20 | 32 3

525 A Down | (O 0 | 3 2o

i2.5% Ash pownt | TS 20 | 3@ 3k

8% Asa pown | 2N 5 140 44

S0le Ay Downl| 25 s | 44 43

105% An dowa | 30 30 | 54 54

Corfuged ~=2 100 ACA Down | 30 30 156 59




TV A Emory River Project

Elutriate Tests

Test Species: Conodaphae duba  Age at Start of Test: < 24 h o\

Test Dates: 44 - 45109

Ammong  (Totel ) Ty v()«u&-{

Concentration | OH |24 H |48H [72H |96H [0H [24H [48H |72H |96 H

Mg Condbol | 012 035

sy Pty (el | O 15 0.33

62552, A&H dows ! O % 0.39

1157 Ak | 050 04\

1% Aod | 010, 0.44

S0% Asr Down | 0 97 041

i ASh N | 1.0 0.6 1930 o1
oy e PR A Downd | 099 0.5 20 19




TVA Emory River Project
Elutriate Tests _
Test Species: Corodasnma dubw, Age at Start of Test: < 24 b old
Test Dates: 4}, |o9 - 4-"}5‘;'09

Number  of  Organisms Alive

Concentration OH 24 H 48 H 72 H
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Acute Invertebrate Test-96 Hr Survival

Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID: Kingston Ash Downstream
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type: UPPER 10'
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species: CD-Ceriodaphnia dubia
Comments: Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Conc-% 1 2 3 4 5

MHS-Control 1.0000 1.0000 1.0000 1.0000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 1.0000
6.25 1.0000 1.0000 1.0000 1.0000 1.0000

125 1.0000 1.0000 1.0000 1.0000 1.0000

25 1.0000 1.0000 1.0000 1.0000 1.0000

50 1.0000 1.0000 1.0000 1.0000 1.0000

100 1.0000 1.0000 0.8000 0.8000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical
MHS-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5
Emory River 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5
6.25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5 27.50 16.00
125 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5 27.50 16.00
25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5 27.50 16.00
50 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 5 27.50 16.00
100 0.9200 0.9200 1.2500 1.1071 1.3453 10.434 5 22.50 16.00
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.55935 0.9 -1.0534 4.98677
Equality of variance cannot be confirmed
The control means are not significantly different (p = 1.00) 0 2.306
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 >100 1

Treatments vs Emory River

Page 1 ToxCalc v5.0.23 Reviewed by:



ATTACHMENT 3

LABORATORY BENCHSHEETS AND SUPPORTING STUDY DOCUMENTS FOR
THE Pimephales promelas ELUTRIATE TOXICITY TESTS

(11 Pages)



Cobfiged =

TV A Emory River Project

Elutriate Tests

Test Species: Fathead Mirpaw

Age at Start of Test: <. 24 h o\&

Test Dates: _4)1]09 - 4809
Tom porahey Dasolud Owigenn
Concentration | 0H [24H |48H [ 72H |96H |0H [24H [43H | 72H (96 H
sl - ool zsvo | o 1280 1w [2650 (84 |72 | 11 | b LS
ooy Bt Lo [ 250 | 260 [ 250 [ om0 |20 |85 |79 | 76 | 16 |25
bis%l A vP |2ne | 7280 |80 | e lzse [BA |79 | IS |1y | 1S
5% Ay o2 |0 | ko (2 250 o |84 (8.0 | 1Lk |14 | 1.3
8% Mok P | 280 | osio |25 [ e loxo 184 | 709 | B 7S 1.3
50% Asa uf | 280 | o |73 1280 (2850 |85 | 19 |73 115 [ 1.2
ol Asn VP | Bo | me | 80 1 260 |0 |86 | 728 |6 68 | 6T
B ionZ Asit UP | 28w | | 28 1 2Ce | 280 |87 | 78 | T2 L T4 | T
pH Condung.
Concentration ; OH 124 H [48H |72H [96H |0H |24H [48H |72H |96 H
s - Cenbead 1 275 17371 TA3 70 1735270 320
Eonog Bz Ctrol [ 0.0 1 64T | 650 16,60 |61 | 120 Wo
(6259 Ak U2 1Al 1 6.2716.29 6431655 | ho 00
S A P 16675 16,201 6.3716.29 16.39 |10 V00
5% msu P BV 16.32 63T 038 16.35 1100 Lo
50% Asa VP13 16521647652 65O 1o ns
T, ol WP 1766 1686 | 6.2\ [63S |00 200 220
Bi00% Asw VP [ 7.0\ 1620 1631 |6.4) [6.77) | 130 LLO
Aodin &y Hovdness,

Concentration | OH |24 H [48H |72H |96H |0H |24H |48H |72H |96 H
WVERRIA - Cosiwl | (O €0 _| €0 80
iy R Lol 20 w |3 32
6:25% As 0P| IS 5 | 26 26
12.5% Aan o | IS 25 | B 3o
25% A up | 25 25 | 40 40
50L. Asy p? | 30 S |44 44-
100% Ast uP | 3D 20 | 6 52
235 35 | 48 52

(ﬁm\fiw it W0oTo A P




Carkeogd >

TVA Emory River Project

Flutriate Tests

Test Species: _{athead Mumw Age at Start of Test: X 24 O\C\

Test Dates: 4-]i ) - 415 [09

A m oo, (Toi‘aﬁv
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0.270.29

.31

0:25

04

12.5% Asn- of

0.3010.3)
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0471

28%: AW - vP

0211021
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OINY|

Soh A -UP

0.37.6.%9
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0.39

058

1W00% AsH UP

0.43 643

049

0.10

ok

¢ 1000 Aan i

0.331 035
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OAL
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31

%wa@wcy@ Adn U'p’i\fwn ymmz&\ﬁve\j
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TVA Emory River Project

Elutriate Tests

Test Species: kithead Munaow

Test Dates:  4}:1j5 - H5|H

Age at Start of Test: QZ,A( - *O\Cl

Number of  Organisms Alive
Concentration 0H 24H [48H 72H |96 H
misw -Coatol 0V | j0 0 \0 {01 10
ol | O 19 10 i 10
03| jo 10 10 O [ 10
o4 | 0 10 10 10 9
05 | 10 i 0 (D 10)
Emtsﬁ Kuer Makyr oo 10 i0 1o (o 10
Condrol 02 | o 10 io 10 1O
631 10 10 10 o) 10
04| jo i0 10 1) i
05 | J0 10 19 10 gu
b.25%e Ask-0P ol | io i0 10 0 i0
62| IO 10 o ¥O 9«
03| 1o 19 Vo {0 10
04 | 1o i0 o 0 1O
05| 10 10 10 O 5w
12.5% AgH - oy | D {0 10 10 YO
| o2 | 10 10 10 1O 10
o3 | (o 10 10 10 g
o4 | 10 0 O 1O 10
0% | 10 i0 18] 10 10
168%  Asi-up o] 10 10 10 2 0
YR 10 10 10 34
03 i0 10 jo 1> 1Q
A | 1o 10 1O j© |0
05 | 190 0 ™ 10 e
7)o ASR-UP ot | 10 i0 10 (o i0
o2 | D 10 j 0 0 gw
0% | 0 10 (O (O g W
ot | 10 10 Y 10 ou
0S5 | 19 10 O 19, e
100l ASH -UP or | 1o i0 q W Y Fo
o2 | 1D 10 o od | 9
03| 10 i0 10 qw | 9
o4 | jo Y g 7R 1 7
0S| w0 ) i0 Qe 9




TV A Emory River Project

Elutriate Tests

Test Species: Fehed Miynow Age at Start of Test: < 2% h PV
Test Dates: 48 - 4-531 09

'TE,W\@@'I aire . ol O g ggam
Concentration | OH |24H |48H |72H [96H |0H [24H [48H [72H [96H
Mus=Costol 1150 1280 | 280 |90 |50 184 172 117 17k 115
Sy Ruer Ll 50 | 52 | 254 | 280 | 250 25 119 116 [T (IS5
I8 ASA Do 250 | 52 | 280 | Bo | 280 145 119 |79 (17 1.7
L AR w150 | 280|180 | o | 780 |X.S 180 178 1717 (1.6
2 A Do |26 | 2co |20 | o | 260 | RS 130 |11 175 |14
Sh A e | 250 (g0 [ sa | o | o | Bb |19 | Lb |15 174
100% Askk Down [ 250 [ 250 250 | @0 |axn [R8T 109 1 63 16,1 165
Q%Ww%%%wmm 150 | 250 18N | WA w0 R |19 | 13 7.2 7.0
‘ pH Conduckiveary
Concentration |0H | 24H |48H |72H |96H |0H |24H [48H |72H |96 H
msns Contral P15 |37 1745 10 |15 o 320
ool |80 |6 42 é:SP; fo.ldo | (.51 | 120 119)
(o250 et Qownl| (.03 | 0 68 658 14659 (.50 | 10 jos
25 st vown | 6. 06| b G| 69,49 (AT . (A 10 los
W At D0wN G A2 bl 1649 LA 16.63] 70 1o
st A N 10,6 | 045 160,51 1658 65T | 30 100
1007, Aoy towN [0S |L.63 10,29 |65 6T 105 155
Cpm&ﬁw\_%ioo% Povt w0, 8T 1665 (64l 644 4678 108 170
Abka).,,m%; i‘b"&n@'\s
Concentration | 0H |24 H [48H | 72H [96H |0H [24H [48H [72H |96 H
sl Lot} | GO (1o | 8o 24
Emm\q,ggef (f,w“\‘\m\ 2-0 y/e) 32- 32
£ 2% Aot Down 1) W | 3y 36
25% Agh Dean| 2 S A 3
25 AsA Do | 28 1S 140 40
ST Asi Down | TS 75 | 4% A4
{005 Ask ‘powny | 30 20 | 54 56
Cotnfugaed ~>it 10 A Do | 30 301 56 56




TVA Emory River Project

Elutriate Tests _

Test Species: Fathead Muyaow  Age at Start of Test: <24 |
Test Dates: 4 )& - 4\5)09

/—'\MMQ e ('To*’aﬂ‘ ‘Turbac‘«ei“"’l

Concentration |0H :24H |48H |72H i96H OH [24H |48H {72H |9 H

Miisw Conrsl o.n 0.13 [0t |03 8,2

Lo 1035 10,7103 |0.2716.3%

0 25% Aot 046 1043 [0 59 043|055

1257 Ao vown 10 S0 10,53 (047 | 054 O

28% Ao 1070 | .31 10 | 0.€7|(0.T3

0% At oo | 097 1102 (092 10171 DY

1607 A vown | 1011 1.09 1693 10.7916.41 |930 9

Corbrbgd 00 i mowa[0.99 [1.01 [097 [o1 [0 67 20 . '

¥ T\_.r\mc,\\"i of 100% Ash Down S@m‘b\e) ammedu%d]a
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Acute Fish Test-96 Hr Survival

Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID:
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type:
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species:

Comments: Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Kingston Ash Upstream

UPPER 10

PP-Pimephales promelas

Conc-% 1 2 3 4 5

MHS-Control 1.0000 1.0000 1.0000 0.9000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 0.9000
6.25 1.0000 0.9000 1.0000 1.0000 0.9000

125 1.0000 1.0000 0.8000 1.0000 1.0000

25 1.0000 0.9000 1.0000 1.0000 0.8000

50 1.0000 0.8000 0.9000 0.9000 1.0000

100 0.8000 0.9000 0.9000 0.7000 0.9000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum  Critical
MHS-Control 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
Emory River 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
6.25 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 16.00
125 0.9600 0.9796 1.3510 1.1071 1.4120 10.092 5 27.00 16.00
25 0.9400 0.9592 1.3184 1.1071 1.4120 10.436 5 24.50 16.00
50 0.9200 0.9388 1.2859 1.1071 1.4120 10.026 5 22.00 16.00
100 0.8400 0.8571 1.1691 0.9912 1.2490 10.000 5 16.50 16.00
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.86454 0.9 -0.9419 -0.2718
Bartlett's Test indicates equal variances (p = 0.83) 2.14455 15.0863
The control means are not significantly different (p = 1.00) 0 2.306
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 >100 1

Treatments vs Emory River

Page 1 ToxCalc v5.0.23
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Acute Fish Test-96 Hr Survival

Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID: Kingston Ash Upstream
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type: UPPER 10'
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species: PP-Pimephales promelas
Comments: Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Conc-% 1 2 3 4 5

MHS-Control 1.0000 1.0000 1.0000 0.9000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 0.9000
100 Centr.  1.0000 1.0000 0.9000 0.9000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum  Critical
MHS-Control 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
Emory River 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
100 Centr. 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 19.00
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.75876 0.781 -0.9546 -1.0157
F-Test indicates equal variances (p = 0.70) 1.5 23.1545
The control means are not significantly different (p = 1.00) 0 2.306

Hypothesis Test (1-tail, 0.05)

Wilcoxon Two-Sample Test indicates no significant differences
Treatments vs Emory River

Page 1 ToxCalc v5.0.23 Reviewed by:



Acute Fish Test-96 Hr Survival

Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID:
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type:
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species:

Comments: Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Kingston Ash Downstream

UPPER 10

PP-Pimephales promelas

Conc-% 1 2 3 4 5

MHS-Control 1.0000 1.0000 1.0000 0.9000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 0.9000
6.25 0.9000 1.0000 0.9000 1.0000 1.0000

12.5 0.9000 0.9000 1.0000 0.9000 0.9000

25 1.0000 1.0000 0.9000 0.9000 1.0000

50 1.0000 1.0000 1.0000 0.9000 0.8000

100 1.0000 1.0000 0.9000 0.9000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum  Critical
MHS-Control 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
Emory River 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
6.25 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 16.00
125 0.9200 0.9388 1.2816 1.2490 1.4120 5.687 5 20.00 16.00
25 09600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 16.00
50 0.9400 0.9592 1.3184 1.1071 1.4120 10.436 5 24.50 16.00
100 0.9600 0.9796 1.3468 1.2490 1.4120 6.628 5 25.00 16.00
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.89755 0.9 -0.6084 -0.572
Bartlett's Test indicates equal variances (p = 0.81) 2.24566 15.0863
The control means are not significantly different (p = 1.00) 0 2.306
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 100 >100 1
Treatments vs Emory River
Page 1 ToxCalc v5.0.23 Reviewed by:



Acute Fish Test-96 Hr Survival

Start Date: 04/01/2009 Test ID: KIF Elutr. Sample ID: Kingston Ash Downstream
End Date: 04/05/2009 Lab ID: UMD-WREC Sample Type: UPPER 10'
Sample Date: 03/17/2009 Protocol: EPA..-821-R-02-012 Test Species: PP-Pimephales promelas
Comments: Emory River Mile 12.2 Control & Dilution Water Collected 03/30/2009

Conc-% 1 2 3 4 5

MHS-Control 1.0000 1.0000 1.0000 0.9000 1.0000
Emory River 1.0000 1.0000 1.0000 1.0000 0.9000
100 Centr.  1.0000 1.0000 0.9000 1.0000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N Sum  Critical
MHS-Control 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
Emory River 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5
100 Centr. 0.9800 1.0000 1.3794 1.2490 1.4120 5.284 5 27.50 19.00
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.50963 0.781 -1.7788 1.40625
F-Test indicates equal variances (p = 1.00) 1 23.1545
The control means are not significantly different (p = 1.00) 0 2.306

Hypothesis Test (1-tail, 0.05)

Wilcoxon Two-Sample Test indicates no significant differences
Treatments vs Emory River

Page 1 ToxCalc v5.0.23 Reviewed by:



ATTACHMENT 4
KCL REFERENCE TOXICANT CONTROL CHARTS

(3 Pages)
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