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-approach to such’corrective action. The nature and extent of contamination !
have been defined, and engineering, economic, and environmental feasibility of f

i

alternative solutions have been evaluated. Study included extensive field and
laboratory work. Data were gathered on fish, sediment, water, macroinverte-
brates, plankton, aquatic plants, mammals, birds, and reptiles in the area.
Additionally, efforts were made to secure all prior existing data.

Analysis of data provided quantification of pollutant transport by biological
(food chain) and physical (mostly hydrologic) processes. Data collected
during the current study have been compared to historical data to determine
extent of sediment contamination and rate of movement downstream. Groundwater
transport has been evaluated. .

Principal study findings include:
1. An extensive amount of DDTR exists in reservoir sediments.
2. DDTR is being moved slowly downstream.

3. Fish, particularly channel catfish, are contaminated with DDTR
throughout Wheeler Reservoir. q

4, Contamination of aquatic organisms, results from low levels of DDTR
that now exist in water and/or sediment.

5. Contamination of aquatic organisms also appears to be caused by !
migration of contaminated fish to relatively uncontaminated areas.

Remedial alternatives for mitigation were compared to the Natural Restoration
Alternative, which is to allow clean-up by natural processes. Alternatives
are based on various means of isclating DDTR from the environment and
include: (1) dredging or removing the contaminated sediments and placing them 3
Jin a secure landfill, (2) covering the contaminated sediments in place, and/or
(3) bypassing flow around the contaminated area. For the six final alternatives
details regarding engineering and economic feasibilities and environmental and ‘
regulatory impacts are presented. Time required for remedial results is also 1
discussed.
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DEPARTMENT OF THE ARMY ca 8
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REPLY TO May 4’ 1984 " e o i l
ATTENTION OF: - =
a5

Environmental Quality Section

TO ALL INTERESTED PARTIES: ‘// / i
In November of 1980 we sent you a copy of the Engineering and ~

Environmental Study of DDT Contamination of Huntsville Spring Branch,

Indian Creek, and Adjacent Lands and Waters, Wheeler Reservoir, Alabama,

prepared under contract by Water and Air Research, Inc. (W.A.R.) for

the Mobile District.

In a detailed review of the report data in preparation for testimony
in conjunction with a legal case, W.A.R. found that an error had been
made in the calculation for the total number of tons of DDT in Hunts-
ville Spring Branch (PFSB) and Indian Creek (IC). According to Dr. James
H. Sullivan, Project Manager for W.A.K., this error resulted from two
causes: (1) a misinterpretation of the units for some of the data
received from the Tennessee Valley Authority and (2) some wrong data
being entered into the computer program that calculated the total DDT
present. This error impacts all references to the total amount of DDT
present at any particular location in the HSB-IC system. However, it
has no impact on concentrations of DDT in sediments or on any of the
impacts of DDT on fish or other species.

The main difference between the old and new figures is the total,
637 tons originally vs. 475 tons now. Another difference is that the
new figures show that the majority of the DDT is in the channel, not
the overbank. The relative amount of DDT in each stream reach has
changed very slightly as follows:

Stream Reach 01ld Data New Data

Upstream of Dodd Rd. in HSB 95.9% 97.8%

Dodd Rd. to IC 3.1% 1.4% :
Indian Creek 1.0% 0.87%

W.A.R. has considered the possible impact of these new figures on
the clean-up alternatives proposed in 1980. Their conclusion is that
there is no change. The most significant facts that led to the
selection of these alternatives were: (1) that fish were highly con-
taminated in all parts of the HSB-IC system and even in the Tennessee o
River, (2) that a significant amount of the fish contamination
appeared to be resulting in situ from very low sediment concentra- ‘

1

tions, and (3) that the concentrations of DDT in sediment in all

parts of the HSB-IC system were well above that which would result in

fish concentrations above 5 ppm. Hence, the alternatives that deal

with clean-up of all contaminated parts of HSB-IC are still valid. r
This is not meant to imply that other alternatives could not be

developed that might be appropriate, only that the error found in the i
original work does not impact the alternatives developed at that time.
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In response to our request, W.A.R. prepared pages to be inserted
in the report. These pages incorporate all changes resulting from
correction of the sediment DDT calculation error as well as the errata
sheets dated January 1981. The enclosed revision pages should replace
all pages in the original document with corresponding page numbers.

We regret the error; however, we feel that it does not alter the
basic conclusions of the 190 report. If you have any questions about
these revisions, please call Dr. Diane Findley at 205/694-3857 or
FTIS 537-3857.

Sincerely,

//( < /[LJ€ . IC L ot
Willis E. Ruland

Chief, Environment and Resources i
Branch !

Enclosure
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Each page has been stamped "KREVISED April 1984" even though the revisions may
exist only on one side.
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eXECUTIVE SUMIMARY

1.0 INTRODUCTIUN

This report deals with DDTKk contamination in northeast Alabama in the
Tennessee River system from Mile 260 to 375 which incluaes wilson,
Wheeler, and Guntersville Keservoirs. The primary area of interest is
the Huntsville Spring Branch - Indian Creek (HSB-1C) tributary system
which enters the Tennessee River (TK) at Mile 321. From 1947 to 1970 a
privately operated DUT plant on Keostone Arsena. discharged waste
containing DUT residues (UDT + LUD + LUE), commonly referred to as DUTK.
A major impact of these resicues has been the contamination of certain
fish species to DUTR levels exceeding the 5 ppm limit set by tne Food and
Urug Administration (FUA) for edible portions ot fisn,

In the spring of 1479 an engineering and environmental study was
initiated by the Department of the Army, with study management by the
U.5. Army Corps of Engineers, to establish the basis ror determining
whether corrective action is required, and if so, the engineering
approach to such corrective action. This contract report to the Corps
defines the nature and extent of the contamination and evaluates the
engineering, economic, and environmental feasibility of a broad range of
alternative sclutions. The study included extensive field ana laboratory
work performed largely by the Tennessee Valley Authority (TVA). vata
were gatherea on fish, sediment, water, macroinvertebrates, plankton,
aquatic plants, mammals, birds, and reptiles in the area. Additionally,
etforts were mace to secure all prior existiny data relevant to this
subject.

Une area specifically excluded from this stucdy was human health effects.
That aspect of the problem is being investigated by the Center for
Disease Control in Atlanta.

2.0 EXTENT UF THE PKOUBLEM

Historically, wastes from the DUT manufacturing plant flowed down a ditcn
to HSB at about Mile 5.4. Records exist indicating contamination of
sediments in HSB to levels exceeding 10,000 ppm as early as 1963. In
1970 analysis of fish from the area showed some samples from both Wilson
and Wheeler Reservoirs exceeding the 5 ppm criteria. In the early
1950's, bird population estimates for Wheeler National Wildlife wefuge,
wnich includes the contaminated area, showed declines of certain species.
However, since many of the species were migratory, it cannot be
definitely concluded that this contamination caused the decline.

In the late 1970's much more extensive information was gathered regaroing
the extent of contamination in sediments, water, plants, and animals. It
is estimated that some 475 tons of UDUTKR currently exists in the sediments
of HSE and IC. About 34 nercent of the DUTR is in the top 6 inches of
sediment. OUn an areal basis, about Y7.8 percent of the JUTK is in HSH
upstream of Dodd Koad between Miles 2.4 and 5.4. Another 1.4 percent is
in the lower 2.4 niles of HSB and the final u.8 percent is in the lower 5
miles of IC. About 9Y.9 percent of the UDTK is in the bottom sediments
with the remaining amount in the water, plants, and animals.
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DUTR is being slowly moved downstream througnh the HSE-IC system and out
into the TR. Very low, but detectable quantities of LUTR exist in TR
sediments downstream of IC.

Fish surveys made n 1979 and 1980 ingicate tnat fisn, particularly
channel catfish, in the IC area have 00T/ concentrations well above the
5 ppm level, many greater than 50 ppm., [t appears tnat channel cattish
are the most contaminated species and that they may have UuTk levels
above 5 ppm in essentially all parts of wneeler Keservoir., Smallmouth
buffalo are contaminated to a lesser aegree but at some locations had
greater tnan 5 ppm DUTK. Largemoutn bass generally haa less than 5 ppm
LOT althougn some individual fish haa concentrations greater than 10 ppm.
White crappie, white bass, and bluegill generally appear to nave levels
less than 5 ppm but may exceed linits in the IC area.

Two factors seem to uve causing high levels of UUTK in catfish ang small-
mouth buffalo in the Tk, First, the level o7 UUTK in the Tk downstream
of 1C, althougi low, is surficient to cause ai elevatea pase level of
contamination. In channel catfish this base appears to be near the 5 ppm
criteria. Second, migration of fisi from the wore coiitaminated area of
IC results in high concentrations at other sites above what would be
produced by local contamination.

Elevated levels of DUTK have veen founa in birds and other animals in the
area and particularly in those living near HSE and I[C.

[n sunmary it appears that:
1} an extensive amount of UUTK is in the sediments of HSB dand 1C

2) this UUTKR is being slowly moved through the HSB-IC system and
out into the TR

3) fisn, particularly channel catfish, are highly contaminatea with
DLDTR in IC ang throughout Wheeler Reservoir they nhave DDTR levels above
the 5 ppm criteria

4) contamination of fish in the TR results from low levels of LUTK
that now exist in the water and/or sediment downstream of IC

‘ 5) contamination of fisn in the Tk also appears to be caused by the
migration of contaminategd fish to areas relatively uncontaminated.

3.0 ALTEKNATIVES FUR MITIGATION UF THE PRUBLEM

A full range of alternatives for mitigation of this problem was
investigated. All can be compared with the Natural Kestoration
Alternative which is to allow the situation to be cleaned up by natural
processes. Unfortunately, it appears that this alternative has little or
no chance of significantly improving the situation in any reasonable time
period. y
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production rates or waste generation. The plant capacity was
approximately 25 million pounds per year. In 1954 (lin mathieson
Chemical Company became the lessee ana continued¢ ULUT manufacture.
Records do show a production rate of 2.25 million pounds per month for
all or some part ot 1Y69. Increasingly stringent effluent standaras
(20 parts per trillion) were a factor leading to the decision to
aiscontinue DUT proauction in June, 1970.

2.2 WASTE TREATHENT HISTORY

No records were found indicating any type of wastewater treatment prior
to 1905. In that year an effluent stanadard of 10U ug/l (parts per
pillion) was established by federal officials and a settling basin or
tank was installed. It was reportea that the pasin frequently filled to
overflowing with solids. In 1967 aaditional settling capacity was added.
A new discharge ditch was constructed parallel to the.old aitch, which
was treated with lime and ferrous sulfate and fillea in. In February
1970 carbon filtration was added. In 1970 the Federal Water Quality
Administration lowered the eftluent limit to 0.020 uo/l DUTK. Production
was terminated by June 1970. Two other pesticides were later manu-
factured at tne site; trichloroacetonitrile (TCAN) for less than a month
and methoxychlor for about six months. The plant was demolished in early
1y72.

2.3 RESTURATIUN WUKK UN REDSTONE ARSENAL

Extensive restoration of the manufacturing site has been carried out.
Initially, upstream drainage was diverted around the site. Runoff from
the site was routed to the waste drainage ditch. Two retention dams

were constructed in the aitch. A water filtration/carbon adsorption unit
has been installed to treat water in this ditch. Surface soil at the ola
plant site was removed and buried in a State approved landtill located on
Kedstone. Excavation and landfilling of the contaminated sediments in
the ola ditcn has been accomplished and stabilization of other UUTR
disposal sites and installation and operation of a subsurface water
monitoring system is being carried out. For purposes of the subject
study, it was assumed that no further contamination of HSt would result
from remaining DUTR on Redstone Arsenal.

2.4 HISTUKICAL ENVIKONMENTAL CONTAMINATION

2.4.1 Water and Sediment

No records were found of environmental monitoring prior to 1963. At that
time the U.S. Public nealth Service sampled water and seaiment in
Huntsville Spring Branch, Indian Creek, and the Tennessee River.

Elevated VUTK concentrations were observed particularly in Huntsville
Spring branch and Indian Creex. Comparison of sediment DUTR con-
centrations reported through tne years shows no significant variation
witn. time. Indian Creek values are roughly in the 10-50 ug/yg (parts per
million) range, Huntsville Spring branch from Mile U to 2.4 in the
50-34,00u ug/g range, and Huntsville Spring Branch from Mile 2.4 %0 5.4 in

FHECEDING PaGE BLANK
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the 100-25,000 ug/q renge. The wide variation in the latter reach
results in part from the unequal distrivution of UDTK across tne wiac
floouplain that exists there. S0 callea "hot spots" exist in the channel
and overbank in this reach which may or niay not have been sampiea in any
particular survey. Uverall, the existiug historical data do not show any
signiticant change in sediment concentrations in Indian Creek ang
Huntsville Spring Branch from 1963 to 1479.

2.4.2 Fish and wild]i‘g

The first testing for DUTK in biota appears to have occurreg in 1964.
Wildlife collected near runtsville Spring Branch incluaged crows, swamp
ana cottontail rabbits, opossum, and gray fox. All species except the
rabbits haa average .LUTK concentrations over 1U ppm in muscle tissue.
One crow haa 119 ppm DUTK.

As early as 1Y55, oird papulation estimates for Wheeler Wilalife Refuge
showea a gecline in Oouble-crestea Cormorant populations. Other species,
particularly raptorial birds, showed declines in the 1960's. LUTK may
nave been a factor i1n sume aof these declines but there is not sutfficient
aatda to establish such a relationship. tven if DUTK were & factor,
rationwice ar even regionwide agricultural usage may have peen nore
important than the DUTR in HSB ana IC.

The first reported fish survey aata are from 197u. At that time white
bass and channel catfish in Wheeler Reservoir had fillet DUTK concentra-
tions up ta 8.5 and ¢¢.¢ ppn respectively. In 1971, a statewide survey
reportea elevated levels of DUTK in fish from the Tennessee River.
Analyses were made in the 14975-77 period on aressed fisn from markets in
the drea. Most fisn haa DUTK levels below the 5.0 ppm FUA Timit oput one
catfish had 115 ppm. In 1977, three surveys were mace in the area.
Whole boay analyses were performea and many fish from the HSB-1C area had
concentrations over 100 ppm. Similar results on other whole boay
analyses were obtained on fish sampled oetween 1977 and 1979. In 1977
ana 1978 analyses performed on fillet samples showea hign DUTK concen-
trations with several samples over 10U ppm. Consistently, the higher
concentrations were found in the HSB-IC area ana the TK witnin 1lU miles
ot the IC canfluence.

3.0 PRESENT S{TUATIUN

3.1 UISTRIBUTIUN OF DUTK
3.1.1 Sediments

Huntsville Suring Branch and Inaian Creek--The mass aistiibution of DuTk

1 1L and hdo 1S shown in iable i. About 97.8 percent af the LUTK is
located upstream of Dodd Road in HSB. mnother 1.4 percent is in HSB
between Uodd koad and IC. About 0.8 percent of the total is in IC.
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Table 1. Dist~ibution of DDTR In Sediments

- e . o > - - - - - ——

Tons as LDT

voT

-l >

bub ULE UUTR

— - D B P WA T I s B B A D A WA WD WP D B A D " B B Vot DU D B D B B Wy P

Location Uvepth
Upstrean of Dodd Road u-6"
6-12"
12-24"
>24"

TUTAL
Vodd Road to Mouth of 0-6"
Huntsville Spring Branch b6-12"
12-24"
<24"

TOTAL
Indian Ureek v-6"
6-12"
12-24"
>24"

TOTAL

OVERALL TUuTAL

90.4

105 -~
8b.0
331

KD

2.1

0.54
0.12
0.00
2.76

0.54
0.16
0.17
J.ul
T8

318

45.0  19.7 155
35.9  14.6 156
22.5 6.4 115
59 1.0 39,3
05— 97 365
1.9  0.63 4.6
0.79  0.36 1.7
0.12  0.07 0.31
0.00 0.0 0.00
78I TO06 .61
u.84 0.6V 2.0
0.26  0.27 0.69
0.33  0.33 0.83
0.01  0.00 V.02
T4 T2 354
1S 44 475

- . —— D P B s WP W D B A B A AL A B Wt A A T U U D B DTS BB B D W BN Al WP D D oD A D e oy ey . ———

Note: All results have been rounded to no more than three significant

figures.
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About 34 percent of the DDTR is contained in tne top six inches of
sediment and about 67 percent is in the top 12 inches.

The DDTR areal agistribution 1n pounds per acre for the most contaminated
area of HSb is shown in Figure 5. The most contamination exists in the
channel and overbank upstream of Doad Road (HSBM 2.4).

DDTR concentrations in stream bottouwm and overbank samples are snown in
Table 2.

Tennessee Kiver (Excluding Huntsville Spring Branch and Indian
Lreek)--Detectable quantities ot DUTR were tound in all (9 total) surface
sediment samples in the Tenressee River from Mile 30U in Wheeler
Reservoir to Mile ¢6U in Wilson Reservoir. Hard or rock bottom
conditions precluded sediment sampling at some locations. The average
concentration actually detectea was 0.0 ppm with a range of 0.05 to

0.10 ppm. It isomers not detected were considered at stated detection
limits, the average would increase to U.18 ppm with a range of 0.16 to
0.19 ppm.

Mo DLTK was detected in four samples from TRM 320.8 to 375.

Uetectable concentrations of DUTR were found in three of seven
tributaries to Wheeler Reservoir. Two, Limestone Creek and Spring Creek,
are located below Indian Creek and the other, Paint Kock River, above.

Total estimated DUTK amounts in sediments, excluging HSs-IC, is as
follows:

Tons

Tennesse2 River Mile ¢75-300
Wilson Keservuir
Other TR Tributaries

oC
c s &
[
cCc -
[ Z =)

Total 1.8 - 2.9
3.1.2 Water

In the Tennessee River samples taken in July-August 1979 were below
analytical detection limits. In December 1479 low but detectadrle
{generally < lug/1) quantities were found, primarily in water samples
taken near the bottom. Samplinyg during storms in the IC-HSB system
showed DUTR concentrations up to 17.8 ug/1, most of which was associated
with the suspended solids. Overall, the amount of DDUTK that can be
expected in the water column in Wheeler Keservoir at any one time is
estimated to be less than 0.3 tons to not over 1 ton.

3.1.3 Biota

Estimates were made of the total DDTk contained in the following groups:
macroinvertebrates, birds, fish and other vertebrates. The area included
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Table 2. Summary of Strean Bottom and Overbank Sediment DDTR Concen-
trations in Indian Creek, Barren Fork Creek and Huntsville
Spring Branch, August 1979.

Sediment
Location Depth No. DDTR “oncentration* (ppm as DDT)
Horizon Samples Mean Range
ICM 0-5 0-6" 18 17.8 <1.01 - 30.8
6-12" 10 8.88 4,65 - 15.2
12-24" 10 5.83 <0.81 - 15.8
24" 3 0.61 <0.16 - 1.51
Overall 8.75 <0.16 - 30.8 |
1
HSBM 0-2 4 0-6" 15 97.8 <2.26 - 403
6-12" 14 9.99 <0.13 - 42.1
12-24" 8 3.30 <0.37 - 9.77
>24" 2 0.72 <0.66 - 0.78
Overall 38.1 <0.13 - 403 |
HSBM 2.4-5.4 0-6" 54 1,360 <0.86 - 14,700
6-12" 45 2,160 <0.09 - 30,200
12-24" 28 299 <0.19 - 2,730
»24" 3 1,820 <0.38 - 12,100
Overall 1,540 <0.09 - 30,200
HSBM >5.4 0-6" 3 0.63 0.63
6-24" 3 0.48 0.48
12-24" 3 0.30 0.30
Overall 0.47 0.30 - 0.63
Floodplain® 0-6" 11 0.95 0.13 - 2,820
BFC Overall <0.94 <0.94
NOTES:
1

A1l less than values assumed equal to siated value.

2 Mean excludes station HSB FP 1, floodplain static- negr mouth of

"0ld Waste Ditch", and includes "Fioodplain" stations in Indian ‘
Creek. !

11 |
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for fish and macroinvertebrates was Wneeler Reservoir. For birds ana
other vertebrates, Wheeler National Wildlife xefuge was considerea.
gecause precise data are not available for either total populations or
average DUTR concentrations, these gata snould be consideread only as best
estimates. The purpose of this data is to show the total amount of DOTR
in biota for comparison with amounts in other substrates. Tne biological
significance ot DUTR in biota 1s discussea in other sections of this
report.

Total DUTK
Organisin Pounas Tons
rlacroinvertebrates 14 0.007
Fish 34 to 34u 0.017 to U.17
Biras 2 0.001
Uther Vertevbrates b . U.0U3
Total 56 to 352 0.03 to 0.18

3.1.4 Uverall vistribution of DDTK

uverall, the DUTK is contained predominately in sediments as shown
below.

Substrate  Location Tons LUTK % of Total
Sediments HSB-IC 475 99.4
Sedinents Wilson and Wheeler 1.8 - 2.8 u.4 - U.b
excluding HSB-IC
Water .3 - 1. 0.0 - 0.¢
Biota 0.03 - 0.18 <V.006 - U.04
 Total 477 ~ 479 100

3.2 CURRENT CUNTAMINATION LEVELS

3.2.1 Plankton

No accurate analysis of LUTR in plankton could be made as it was not
possible to separate the plankton from inorganic suspended solids which
also contained hign concentrations of ULDTk.

3.2.2 Macroinvertebrates

A strong relationship between UDUTR concentration in macroinvertebrates
and location relative to contaminated seaiments is evident. In the
Tennessee Kiver macroinvertebrate UUTR concentration ranged from

0.U2 to V.50, in Indian Creek from 24 to 355, ana in Huntsville Spring
branch from 2.5 to 2,710 ppm. -
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Table 4. Sunmary of DDTR Results of July-October 1979 Fisn Survey

~—— -

Channel Smallmouth Largemouth Bluegill
Location Catfish Buffalo Bass
CeM 2 56(3.3-139) 0.15 0.352 0.25
EKM 5 1.2(0.4-2.3) 1.35 0.05 0.05
ERM 10 0.55 1.1 0.05 0.05
EKM 15 0.4 0.2% 0.U5 0.U5
FCM 5 3.75(0.15-19.1) 0.25 0.15 0.2
FRA | 0.5(0.1-2.6) --- 0.0% 0.05
1M 2 186(15.5-627) 16.2(2.2-44) 1.4¢ 4.2(2.1-6.6)
LCw 3 4.3 5.4(0.25-1.1) 0.15¢ V.15
PRKA | 0.2(0.2-2.6) G.4 0.05 0.05
SUM 1 1.95 181 0.U5 0.05
TRM 260 0.6 - 0.1 0.05
TKH 265 08 = 0.0% g
Tk 270 1.3 1.6 U.152 .2
ThM 275 1.8(1.2-10.1) 3.9 0.5 0.15
TKM 280 ik 2.8 0.05 0.1
TKM 285 -—- u.7 0.5 0.05
TKM 290 2.0(U.45-2.2) 5.1(0.25-4.5) 92.15 0.05
TR 295 1.9 2l 0.10 0.05
TR 300 12.501.4-46.3) 0.9 0.4 0.052
TRM 305  12.8(1.3-21.0) 0.3 0.152 0.05¢
TRM 310 1.2 3.2 0.152 0.2
T’M 315 99.1(3.0-40.0) 2.75 y.24(0.5-3.1)1 0.25
TKM 320 9.6(0.8-22.0) 1.2 2.8 0.7
TEM 325 0.3 1.3 6.0 0.15
TRM 330 0.35 0.9 2.3(0.55-16.1) 0.1
TRM 335 0.35 0.6 7.3(1.9511.9) 0.05
TKM 36U 1.2 0.7 0.4 0.1
TKM 345 1.2(0.8-3.7) 0.5 1.5 0.05
TRM 350 == e 0.25 0.05
TRM 375 0.15 0.5 0.05 0.05
TRM 40U =52 0.6 0.05 0.05

P -

Notes: First number is DUTR concentration in a six fish composite.
tion ir ug/g.

Concentra-

Numbers in parenthesis are range of results from individual fisn

analyses.
Fillet samples for all species shown.
TkM ¢6U-270 in Wilson Reservoir,
TaM 350-400 in Guntersville Reservoir.
All other sites in Wheeler Reservoir,
1Unly two individuals analyzed.

Zresults may ve low - run on 12 December. See (uality Assurance Document.

3LPA got 9.4 for this sample.
AEPA got 25.4 for this sample.
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Table 5. Summary of DUTK Results of June-July 1Y80 Fish Survey

Lomposite Individual Fisn Samples
Location Species Sample Average Kange
TRM 275 cC 9.3 11 4.5-25
TkM 280 CL 8.5 8.5 5.5-13
TRt 285 cC 15 9.5 2.8-19
TRM 240 CL 15 13 3.5-2¢
TRM 295 cC 15 14 4.7-31
TKM 36U Ll 9.0 11 3.0-18
TRM 305 cc 10 14 9.7-2¢
Tk 310 LL 9.2 9.2 3.8-17
TKM 315 cC 5.4 7.6 3.3-13
TkM 320 cC 120 120 13-36U
TRM 325 cC 100 190 0.74-1100
T 330 Ll 34 32 2-14v
TKM 340 cC 25 33 1.5-180
FCM 5 cC 50 45 10-150
LCH 3 (e 14 13 ¢-28
StM 1 cc 5.8 5.0 2.6-9.1
TR 250 SmB 6.4 3.9 2.3-6.8
TRM 290 St 12 10 3.4-21
TKM 300 SMB 6.3 5.0 1.3-10
TkM 310 Shir3 4.3 4.0 1.4-6.1
TRM 320 Shis 25 24 0.43-48
TKM 330&340 SMB 0.89 0.95 0.25-2.5
TRM 285 LMb U.38 U.3b 0.11-u.8v
TKM 345 LMB 2.1 2.4 0.35-7.4

Concentrations in ug/g
Cl=Cnhannel Catfisn, SMB=Smalimouth Buffalo, LMB=Laryemouth Bass.

Six ingiviaual fish were taken at each sampling location. All analyses
were in fillet sampies.
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smalimouth buffalo appear to be contaminated, particularly at and
downstream of [C. Largemouth bass have lesser overall contamination but
some individual fish had relatively hiyh UUTR levels.

Method of Contamination--The source of contaminated fish in the Tennessee
River s of signiricant concern. Several possibilities exist. The river
could contain surticient UDTk residues from IC-HSB or from other sources
to contaminate fisn. The contamination could result from fish becoming
contaminateg in [C-md8 and migrating out into the river.

Sediment andlyses clearly show the 1C-HSB system as being ¢ majour source
of UDTK. Further, it nas been shown that at least some UDTR is being
transported out o the IC-HSB system to the TK. Sediment and water
analyses for the TK and tributaries indicate no other significant source
or DUTK.

Except for the unexplained hign levels in channel catfisn at Flint Creek
Mile 9, the pattern of contamination for inugividual fisn in the June-July
1980 survey also suggests hSbk-IL as the primary source of DuTk.
Downstream of IC more than 8C percent of the catfish haa UUTK levels
above 5 ppm. it seems likely that such a consistent pattern ot
contamination woula result from in situ conditions rather than migration.
Above IC individual fish concentrations were more variable and sugyested
migration as a likely source of upstream contamination.

3.2.4 Birds

Current data for DUTR in Green Herons and Wood Ducks from TkM 271 to 402
are reportee in this study. Biras from the [C-HSB area had almost an
order of magnitude higher UDTK concentration than birds from other parts
ot the study area. both Crows and Mallard ducks collectea in February
1979 had geometric mean DUTK concentrations of 4.0 ppm in muscle tissue.
Mallard wing analyses tor the 1978-79 hunting season showed order of
magnitude higner UUTK levels for biras from Limestone and inadison Coun-
ties as compared to other Alabama counties surveyeo. The Arsenal is in
Madison County anc Limestone is the next county west.

3.2.5 Mammals

LUTK levels in shrews were 5¢ ppm in HSE and no higher than 7.7 ppm in
five other areas. wuskrats from HSE had 0.26 ppm UUTx and less than half
that in five otter areas. Cottontail and swamg rabpits from tne Arsenal
contained mean concentrations of 0.27 and U.25 ppm DUTK.

3.2.6 ZReptiles
Suapping turtles and water snakes from HSB had UDUTK concentrations of

0.45 and 1.8 ppm respectively. These were the highest values reported in
samples from this area.
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3.¢.7 Vascular Plants

Buttonbusn samples from HSH had a DLTk concentration of 0.065 ppm
compared to 0.005 ppm at TKM 359 upstream. Uuckweed troum the most
contaminateg stretch of HSB had concentraticns as nigh as 5.6 ppm.
Hibiscus was found to contain 0.78b ppn QUTR in HSB compares to 0.u04 ppm }
at TRM 359.

3.3 ENVIROWMENTAL T#NSPURT OF DUTK

Of particular concern in evaluating the current situdation and predicting
future conditions is tne stability of the LUTR now 1n the system, Is the
contamination spreading and if so, nhow? Or is the DOk oegrading and/or
becoming isolates from the rest of the environment? Two means of
transport were considered, physical and biological.

3.3.1 Physical Transport of DUTK

Because tne vast majority of DUTR is founo in the seoinents, processes
which would tena to nwve sediments were of particular interest. Thus
sediment transport, particularly during hign fiow storm events, was
expected to be important. Sampling was carried out during a number of
storm events at four locaticns in the ndB-IC system to evaluate ULUTK
transport. Feasurements, incluaing rainfall, stage, aiscnarge, suspended
soiids, volatile suspenaed solids as well as suspended (i.e., passing a
bsu sieve ang retaines on a Vviu gilass fiber filter) ang aissolved/
suspendec (1.e, passing a “Mu giass fiper filter) uDTk concentrations,
were mdde a number of times during eacn storm runoff event. Usable uata
were obtained from three storm events.

In order to estimate DODTK transport rates, multiple regression models
were developed relating suspended DUTK transport rates to samnpling
locations, discharge, type of runoft event (i.e., headwater or tailwater)
and the transport rate of the corresponding susperded solids lraaging rate
(1.e., <b3u ana >lu) and relating dissolved/suspended UUTK transport 1
rates to sampling locations, discharge and the volatile suspended solids
loading rate (i.e., <63u ana >lu). Seascnal and annuai flow duration
relationships were developed at each sampling location, the secsons
winter (November-april) and summer (May-October) being defineo with ;

g respect to wWheeler Keservoir operational procedures. Suspended and 1

‘ volatile suspendeo solids loaaing rates were related to sampling location 4
and discharge utilizing multiple regression techniques. The frequency
with which tailwater runoff events occurreoc in the lower reaches of
HSB-IC were estimated from an examination of tne regionai topography and
seasonai stage quration reiationships developed tor the Tennessee River
at Whitesourg, Alabama. The cembination of these cata yielaed estimates
of the seasonal and annual UUTK transport rdates within and out of the 3
IC-H5B system. Predicted ennual DuTR transport rates and 95 percent
contioence limits are as tollows:

S S
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DuTk Loading Y5% Confidence Limits
Location (tons/yr as DLT) (tons/yr as DDT)

Upstream of 0lg LDT Waste Ditch:

hSbM 5.9 0.01 0.006 to v.05

Downstream of Uld VDT waste Ditch:

HSBM 2.4 U.b2 0.25 to l.b
ICH 4.0 0.99 U.44 to 2.2
I 0.9 V.04 v.31 to 1.3

ns these figures indicate, DUTK is being scoured upstream of Dodd Koad
and is being transported downstream to tne Tennessee Kiver. Uver two
thirgs of the UDUTR transport out of the IC-HSB system occurs during the
winter montnus (Nov-mpril). The DUTK loaa to the Tennessee River is about
equally dividea between the suspended fraction, associated witn silt and
medium and coarse clay sized materials, and the dissolved/suspendea
fraction, either dissolvey or associatea with fine clays and colloidal
material. It should be noted, that at the rate at which the DUTR
contamination in the IC-hSE system is being transported to the Tennessee
River by fluvial transport processes, i.e., 0.07 to U.27 percent per
year, it will take centuries to flush the system.

3.3.2 Bioloygical Transport of UDTR

Compared to sediment amounts, the very low total amounts of DUTK in the
biota make biological transport an unimportant factor in the overall
dispersion of DUTK. However, food chain links can be an important mode
of contamination for biota.

4.U AMLTERNATIVES FOR MITIGATIUN OF UOT CONTAMINATION IN HUNTSVILLE
SPRING BRANCHh ANU INDIAN CREEK

4.1 INTRODUCTIUN

Six alternatives are presented for mitigation of DUTK contamination in
HSB and [C. They are:

A) hatural Kestoration,

b) Lredging and Disposal,

C) Uut-of-Basin Diversion and kemova! of (ontaminated Sediments,
U) Out-of-Basin Diversion ana Containment of Contaminatea

Sediments, )

t) Within-Basin Diversion and Remova® of Contaminated Sediments,
and

F) Within-asin Diversion and Containment of Contaminated
Sediments.

A number of other alternatives, including in-place stabilization or
detoxification ana impounament structures, were considered but proved not
to be feasible.
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These alternatives do not deal with OOTR contamination in the TR.
Concentrations of UDTR in the TR sediments are approximately two orders
ot magnitude velow those in IL, beiny on the order of non-detectable to
0.2 ppm compared to typical concentrations ot 10 to 3V ppm in IC
sediments.

Because of these fow concentratinns and the large area over which low-
level contamination is dispersed in the Tk, mitigation alternatives there
appear to be economically infeasible. The relatively high {(1U to 3U ppm)
concentrations of UUTR in IU channel sediments warrant consideration of
mitigation alternatives in IC upstream to the HSB contluence. [t is
apparent that this level ot contamination is a major source of UUTR in
fish inhabiting lC ana the TKR. Uue to the flows encounterea in IL and
the infeasioility of containment alternatives tnere, the only practical
means of dealing with this contamination is by dredging the seuiments.
with the exception of the natural restoration alternative, all
alternatives presented include the dreuging of IC in addition td
mitigating contamination in HSB.

Presentation of the alternatives will begin with a discussior of relevant
properties of DUT ana physical characteristics of the study area. These

considerations are of paramount importance in assessing the effectiveness
anad environmental acceptanility of the alternatives.

Alternatives © througt. F are centered around one or more of four major
physical actions; dr:dging and disposal, an out-of-basin diversion of
HSB, a within-basin diversion of HSB, and in-place containment of con-
taminated seciments. To avoid redundancy in discussing the alternatives,
these four major actions will pe discussed first on an individual basis,
along with their respective impacts. Each complete alternative will be
discussed in a later section and the major physical actions associated
with it will be referencea to the earlier discussions. Separate sections
appear for areawide environmental monitoring and legislation,
regulations, ano permitting associatead with the alternatives. A summary
cumparison of alternatives is presented in the final section.

4.2 CHARACTERISTICS UF DUT-SEDIMENT ASSOCIATION
4.2.1 Introduction

The dpproacn taken in tnis study is to design a technically feasible and
environmentally sound course of action with respect to alternatives for
removal, containment, and disposal of DUTK-contaminated sediments. The
effectiveness of each alternative is dependert on the properties of LDTK
and the seaiments with which it is associated. The purpose of tnis
section is to summarize those properties which form the basis of the
removal, containment, and disposal alternatives presented.

4.2.2 ULUT Mobility in Sediments C

A1l UDUTK isomers are extremely hyaroptobic, their solubility in water
being on the order of 1.2 ppb. Numerous researchers have reported the
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WHEELER
REFUGE BOUNDARY

FIGURE €. Areal Plan for Hydraulic Dredging in Huntsville Spring Branch
and Indian Creek

SOURCE: WATER AND AIR RESEARCH, INC., 1980
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are dewatered. Factors favoring the environmental acceptapility of this
disposdl technique are summarized in Section 4.2. Another option
considered is to dispose of the dewatered material in an abandoned mine,
prepared in such a manner as to effectively isolate the contaminated
sediments.

4.3.2 Temporary ureaged tiaterial Disposal Area (TUMUA)

Introguction--To implement a dredging alternative it will pe necessary to
site a temporary dredgea material disposal area within reasonable pumping
distance from the areas to be dredged. The disposal area must be
caretully designed to assure containment of the contaminated sediments
and to provide for agequate treatment of the overflow water. The
iocation of tne preliminary selected TDMDA is indicated in Figure 6.

Keturn Water Treatment System--Treatment of the return water will be
necessary before it is discharged to HSB. The proposed treatment system
is designed tor complete solids removal with carbon adsorption to remove
soluble VLTK. Disposal areas sized for bLredging Plans 1 ana Il will
require 2 MuU capacity and that sized for Uredging Plan LIl will require
3 mbu.

Uewatering Uredged material--Uewatering of the dredged material will be
necessdry betore an ultimate disposal option can be carried out, be it
on-site application of a stable impermeable couver, or transportation of
tne material to off-site mine disposal.

A series of studies conducted by the U.S. Army Engineer wWaterways
Experiment Station under the Dredged Material Research Program concluded
that natural evaporative drying witn progressive trenching is tihe nost
efficient and cost-effective method of dewatering fine-grained uJredged
material. Uther methods investigated were the use of underdrains,
horizontal or vertical sand drains, mechanical agitation, electro-
osmusis, and vacuum well pointing. wWhile some of thess methods produce
higher rates of dewatering, they incur high capital and operating costs
ana are not cost-etfective unless constraints, such as time availavle,
preclude natural dewatering.

4.3.3. Uredging HSB and IC Sediments

Uverview-- Channel dredging will proceed in the following sequence:
1) construct necessary access roads along HSB,

2) clear trees and other debris from the channel and bank edges with
a crawler-mounted crane operating from the access road and a
small barge-mounted crane operating in areas inaccessible from
the road,

-

3) dispose of the cleared debris in a landfill, and

26
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4) nydraulically aredge the channel sediments and transport material
via pipeline to the temporary disposal area.

For removing overbank material in Reach A of HSB, the following approach
will be usea:

1) clear veygetation from the overbank,
2) grub all root systems,
3) remove contaminated sediment with a dragline,

4) construct haul roads as necessary as operation progresses into
overbank,

5) dispose of contaminated tree material in landfill, and

b) dispose of contaminated sediment by landfilling in the TOMLA, or
by burial in an off-site mine.

Channel Ureaging--A conventional basket cutterhead dredge such as the
I4-incn tllicott 770 could be employed to dredyge HSB ana 1C channel
sediments. Uredging will commence at HSb Mile 5.6 as soon as sufficient
channel is cleared and proceed downstream, following the snagging
operation.

Uue to the long gischarge distance to the TUMUA (12.5 miles from IC

Mile 0.U) a total of 11 booster pumps will be required in the discnarge
line. Use of electric boosters is recommended, as they are much iore
easily adaptes to d4n integratea central control System to maintain steaay
flow in tne discharge line. A temporary power line carrying primary
voltage (43 kv) would be requirea along the access road to provide power
for tne poosters. spacing power poles at 175 foot intervals and
installing conventional street lights on each would provide adequate
lighting aiong the access road for evening shift wcrk and pipeline
inspection.

Overbank Kerioval--Tne critical overbank area indicated in Figure 6
‘consists of approximately 25 acres and contains an estimated 28 percent
ot the total UUTK in the HSE-IC system., Its removal will require
excavation and disposal of 121,600 cubic yards or sediment. The
non-critical overbank areas of Reach A contains approximately 1.1 percent
ot the total DUTK in the HSB-IC system. In order to remove this

1.1 percent, approximately 235 acres of overbank will have to be cleared
ang grubbed, anu 1,122,400 cubic yaras of sediment will have to be
excavdted.

Removal of the overbank sediments will require clearing all vegetation
and grubbing all root systems. Uisposal of cleared uncontaminated timber
and debris will be provided by the contractor hired for clearing.

KHemoval of the contaminated sediments to a depth of 3 feet can be
accomplished simultaneously with grubbing by a small dragline, operating
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8) Section 2ba of the Tennessee Valley Authority Act,

9) Various Historic and Archaeological Uata Preservation Laws,
10) wlabama Hazaraous wWastes iManagement Act of 1978,

11) Alabama Air Pollution Control Act of 1971,

12) uccupational Safety and Health Administration Legislation,
13) Etxecutive Order 11988, and

14) txecutive Urder 11990.

4.9 PROPUSED ALTEKNATIVES

4,9.1 Alternative A: Natural Restoration

With this alternative, mitigation of UDTR contamination would be left to
natural processes. The key question with this alternative is will tne
situation get better or worse if left alone? For the situation to
improve, one of three things must occur. Either

1) the UUTK must be degraoed to harmless compound%, or

2) the UUTK must become isolated in some manner from the rest of the
environment, or

3) the VUTR must be tlushed out of the system.

Based on the known persistence of DDTR, particularly at the concentra-
tions found in HSB, the natural cegradation rate will be slow. Half-life
may easily be on the order of 20 to 30 years. If this is true, one wouid
expect to have in excess of 50 tons of DUTR in this system 60 years from
now. Thus, natural degradation appears to be only a very long term hope
at best.

Natural isolation of the material from the rest of the environment may be
possible. The most likely mechansism would be natural sediment
deposition which could bury the DUTK. However, the old LUT plant has
been closed for over 10 years and 34 percent of the DDTR is still within
the top 6 inches of seciment, 67 percent within the top 1 foot. Thus, if
significant natural sediment deposition is occurring, it is not readily
apparent.

The third possible means of natural restoration would be for the DUTR to
be flusheg out of the system. Given the mass of DUTR in the HSB-IC
system and the current estimates of transport rates, it appears that
hundreds ot years would be required to flush the system naturally. Even
it this were to uccur, the positive effects on the HSB-IC system would be
more than urtset by the negative impacts on the Tennessee Kiver.

A further negative factor in assessing the potential effectiveness of
this alternative is the relatively small amount of DUTR required to cause
significant contamination. Currently, only 0.& percent of the total UUTR
is in Inoian Creek and fish are contaminated. It the sabstantial
storehouse of UuUTk upstream is left uncontrolled, the threat always
exists that contamination of IC will be maintained or even made worse.




It may be that, given enough time, sufficient DUTF will move 1nto the '«x
to cause even worse contamination problems there.

Un a more positive note, there is the suggestion in some of the bLird

population data from wheeler National Wiidiite Retuge that sone species i
aagversely mpactec by ODUTK have been recovering in recent years.

However, this recovery is not observeg 1in many species. Also, it is not

known whetner the appe~ent recovery in some species is due to local,

regional, or areawide conditions.

The short-term risk of natural restoration 1s relatively low in that the

situation does not appear to be rapidly worsening. Thus, it woulc be

possible to tentatively employ this alternative coupled with continued

monitoring and status reports. Tnis would allow additional time during

which more detinitive information could pe gatnerea to determine

contamination trenos. Such a monitoring program Should include

measurement of GUTR levels in fish, seadiment, water and to a rniore liniited

extent in animals and birds. {(ost would be aepencent on intensity ana

frequency of sampling but is roughly estimated at $600,0U0 per year. !

The selection of the natural restoration alternative woulc have the ‘
advantage of providging time during which new end/or currently unproven
tecnnology could be developed which niignt result in a more cost effective 1

mitigation plan. However, there is nc guarantee that such a plan would
materialize.

In summary, the success ot tne natural restoration alternative depends on
natural actions tnat range in probability from very unlikely to, at best,
possible. On the positive side, it appears that conaitions are not 4
rapidly changing ana tne tentative selection of this alternative would ]
not present a high risk for a significantly worsened situation.

4.9.2. Alternative B: Uredging and Dbisposal

HSB and IC channel sediments would be nydraulically dredged te a depth of
3 feet. Tne critical overbank area would be dragline aredged to a depth _
of 3 feet. Non-critical overbank sediments may or may not be dredged. ]
Hydraulically dredgyed seaiments would be pumpea to tne TDMUA, where they J
would be oewatered. Oragline-dredged sediments would be truck-hauled to

the TOMUA. Tnhe most feasible means of permanent disposal of contaminatea
seaiments is closure of the TDMDA as a permanent landfill.

Implementation Summary--

1) Conduct cultural resources survey of impactec areas and implement
necessary dctions to recover or '.eserve valuable sites.

¢) Construct temporary dredyged material disposal area {TOMDA).

3) Secure lease on return water treatment system anc set up at
TOMDA
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4) Clear and grub critical overbank area, dredge those sediments
with a agragline to a depth of 3 feet, and dispose of in TUMOUA

5) Construct access roads along the channel and install 43 kv
primary voltage power line with lighted poles

o) Clear all snays and debris from HSB and 1C channels

7) Acyuire 12, l4-inch booster pumps and install 11 of them at
6,0uu foot intervals along access road (one used as spare)

8) Implement monitoring of dredqging operation

Y) Uredge hSB and IC channels with 14-inch cutterhead hyaraulic
dredge to a depth of 3 feet, beyinning at Hdk Mile 5.6. Pump dredged
sediments to TDbA .

lu) ULewater oredged material in the TDMUA

11) Permanently dgispose of DUTR-contaminated sediments by closing
TUMDA as a lanafill

12) Implement areawide environmental monitoring and long-term
monitoring ana maintenance of the permanent disposal site.

Uptions Availaple With Alternative b-- |

1) Kemove noncritical overbank sediments of Reach A to a depth of
3 feet

2) Delete carbon adsorption from retuin water treatment system

3) Remove dewatered sediments from TOMDA and dispose of in an
abandoned mine

4) uvelete aredying of Reach C (IC)
5) Uelete areaging of Keaches B ana C (HSE Mile 2.4 to IC mile 0.0) L

Cost Summary for Alternative o--The cost summary for Alternative 8 is in |
Tabie o. '

Impact Summary tor Alternative B--The environmental impacts of dredging
atd g15posal have been discussed in Section 4.3.6.

with regard to Cultural Kesources, dredging impacts a large number of
hign provapility locations in the proximity of HSE and IC. There is
presently nu way to predict accurately how many sites are located in the
alluvial bottomlands of IC and HSB, now inundated by wheeler Keservoir.
Disposal of dredged material will impact a relatively smaller area with a
high probavility for site locations, as indicateog by the reconnaissance
survey.

41 REVISED APRIL 1784




D A s S S - — — -
Table &. Cost Summary for Alternative B (As betailed in Table lI1-11
tor Lredging Plan [II)
bredging Reacnes Total Estimated Lost
Plar Incliuued= (Millions of Dollars)
i A 30.91 T
[I A,B 42.53
[rl A,b,C 72.03

tstimatea Eftect of Utner Uptions on Cost Estimate (Millions of Dollars):

-Implement noncritical uverbank KRemoval Option + 1d4.57
-belete Carbon Adsorption From Return Water
Treatuent System - 4.16
-Implement bdine Uisposal (Plan I11) + 15.51
{Incluuing Disposal -.f Noncritical Uverbank Sediments) + 43.37
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4.9.3 Alternative . uut-of-~-basin Diversion and kemoval of Contaminated
Sediments

HSB woula be uivertea from 3 miles upstream of the nighly cantaminated
area directly to the Tennessee River. Channel sediments between HSB
Mile 2.4 ana IC mMile 0.0 would be hydraulically dredged under near-zero
flow canditions. The HSB channel between Miles 2.4 and 5.6 may be
hyaraulically dredyed, or dredged with a dragline if the area is
dewaterea by canstruction of the containment dise illustratea in

Figure 9. Critical overbank sediments would be dragline-dredged and
nan-critical overbank sediments may or may nc- be dredged.

Implementation Summary--

1) Conduct cultural resaurces survey of impacted areas and implement
necessary actians to recover ar preserve valuable sites.

2) Construct out-of-basin diversion of HSB and icDonald Creek
cut-aft channel.

3) Raise Patton Road ta elevation 578 and construct dike northwest
of Patton Koad. Tnis dike combination will serve as a diversion dike for
HSB ana will limit transport of contaminated sediments in HSE during
removal operations

4) Construct TOMDA

5) Secure lease on return water treatment system and set up at
TUMDA

6) Clear and grub critical overbank area, dredge those sediments
with a dragline to a gepth of 3 feet, and aispase aof in TDMUA

7) Oredge HSB and IC channels by one of the two following methods:

a) Hydraulic Uredging as summarized in items (5) through (9) of
Section 4.9.2

b) Construct western containment dike, drainage channel, and
pumping statian as shown in Figure 10 and excavate szdiments
within the containment area (HSB Miles Z.4 to 5.6) to a depth
of 3 feet with a dragline. Dispose of sediments in TDMDA.
Uredge sediments downstream from #5B Mile Z.4 hydraulically
as summarized in items (5) through (9) of Section 4.9.2.

8) Dewater dredged material in TDMDA

Y) Permanently dispose of DUTR-contaminated sediments by closing
TuMbA as a landfill

10} lmplement areawide environmental monitoring and long-term
monitoring and maintenance of the permanent dispasal Site.

Options Aavailable With Alternative C--
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1) kemove noncritical overbank seaiments to a depth of 3 feet

2) Uelete carbon adsorption from return water treatment system

3) Remove dewatered sediments from TOMDA and dispose of in an
abandoned nmine.

4) Delete arecging of Reach C (IC)
5) uelete dredging of Reaches 5 anc C (St Mile 2.4 to IC Mile 0.0)

6) Use alternate alignment for out-of-basin diversion to maintain it
within KSA boundaries

Lost Summary--The cost summary for Alternative C is in Table 9.

Inpact Summary--Tne environmental impacts of out-of-basin aiversion and
ot dredging and disposal have been discussed in Seciions 4.4.5
and 4.3.6.

witn regird to Cultural Kesources, AKlternative C impacts a large number
of hign probabiiity iocations. All probable or potential sites in the
proximity of HSB, IC, and the disposal area woulc be impactea by dredging
assoclatec with this aiternative. In acaition, tne out-of-basin
diversion route affects the largest number of known sites, as well as the
greatest number of sites potentiaily eligible for the National Register.

4.9.4 Alternative U: C(ut-of-gasin Uiversion and Containment of
Contaminateu SeGiments

HS6 woula be diverted from 3 miies upstream of the highly contaminated
area directly to tne Tennessee River. C(nannel sediments between HSB
Mile 2.4 and IC ile 0.0 woula be nyaraulically gredged. A containment
aike as illustrated in Figure 9 woula be constructed. C(hannel and
critical overbank sediments within the containment area would be covered
with compacted clay and clean fill. Non-critical overoank sediments may
or may not be covered.

Inplementation Summary--

1) Corduct cultural resources survey of impacted areas and implement
necessary actions to recover or preserve valuable sites.

2) Construct out-of-basin diversion of hS$8 and McUonald Creek
cut-off channel.

3) Kaise Patton Road to elevation %78 and construct dike northwest
of Patton Koad. This dike combination will serve as a diversion dike for
HY8 and will help contain contaminated sediments in HSB.

4) Construct western containment dike, drainage channel and pumping
station as shown in Figure 10.
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Table Y. Cust Sumuary for Alternative C (As Letailed in Table 111-14)

uredying Metnod(s) Totdl Estimated Cost
utilized (rii1lions of Dollars)
A1l Hydraulic uredging 12¢2.¢5

Uragline Uredging vetween
HSb 1hles 2.4 and b.b,
hemainger Hyoraulically
Uredged 127 .40

tstimated ttrtect of Uther Options on Cost tstimate (Millions of vollars):

-Inplement iwoacritical Uverbank Kemoval Uption in Reacn A  + 4.5/
-Uelete Larbon aAdsorption From keturn water

Treatment System - 4.1b

-1mplement dMine Lisposal + 15.04
{Inciuding visposal of Overbank Sediments) + 43.37

-Uelete hydraulic bUreaging of Reach ( - 17.94
-Delete hyuraulic urecying ot keaches b and C - 2b.93
-Use nlternate Sector Routings to Keep Uiversion

within KSA bounagaries (i.e., Sectors A-Z, b,

-2, D-¢, and t) +  §.22*%

*Cost increase is atiributed almost entirely to the increased amount of
bedrock expected to be encountered quring excavation ¢! the channel.
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%) Clear and grub critical overbank area. Remove snags and debris
from hSB channel.

6) Cover critical overbank and channel sediments within the
containment area with a minimum of b inches of compacted clay ana 18
inches of soil suitable for supporting vedetative cover.

7) Establish vegetative cover on placed fill.

8) Uredye contaminated channel sediments downstream from HS5b
Mile 2.4 as summarizea in items (1) through {(11) of Section 4.9.2

Y) lmplement areawide environmental monitoring and lung-term
monitoring and maintenance of the permanent disposal site.

Uptions Available Wwith Alternative b--

1) Apply cover to entire overbank area within containment.
2) Uelete carbon adsorption from return water treatment system.

3) Kemove dewatered dredged sediments from TOMUA ana dispose of in
an dabandoned mine.

4) Delete hyaraulic dredging of Keach ¢ (IC).

5) Lelete hydraulic dredging of Keaches B anda C (HSB Mile 2.4 to IC
Hile v.u).

b) Use alternate alignment ftor out-of-pasin diversion to maintain it
within kSA boundgaries.,

Cost bunmary--The cost summary for Alternative D is in Table 9.

Inpact Summary for Alternative U--The environmental impacts of

out-ot-basin diversion and of containment have been discussed in
Sections 4.4.5 and 4.6.4.

With reyard to Cultural resources, Alternative D impacts a large number
of high probability locations. All probable or potential sites in the
proximity of HS, IC, and the disposal area woula be impacted by dredging
or covering associated with this alternative. In acddition, the
out-ot-basin aiversion route affects the laryest number of known sites as
well as the greatest number of sites potentially eligible for the
fiational Register. Construction of the dewatering dike north of HSB may
inpact additional sites in a high probability area.

4.9.5 Alternative £E. Within-Basin Diversion and Removal of tontaminated
Sediments v

HSB woula be divertea around the nhighly contaminated channel between
Miles 3.9 and 5.b. A containment dike as illustratea in Figure 8 would
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Tablé 1. Cost Summary for Alternative U (As Uetaileg in Table I111-17)

Areal txtent of

Lover Application Total Estimatea Cost

Within Containment (Millions of uvollars)
Channel and Critical Uverpank Unly 122.49
Channel and Entire Uverbank 129.7/

Estimated Ettect of Uther Uﬁtions on Cost kstimate (Millions of Dollars):

-belete Larvon Adsorption From Keturn water

Treatment >dystem g - 4,10
-lmplement rine Lisposal + 1¢.40
-belete Hyaraulic Uredging of reach C - ¢9.02
-belete niydraulic Uredying of keaches b ang C - 40.64
-Use Alternate Sector Koutings to Keep Diversion Within

KSA Bounaaries + 8.2¢
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be constructed. HSB and IC channel sedinents downstream from the
containment area would be hydraulically dredged. Channel seciments
within the containment area may be hydraulically dredgeo under near-zero
flow conditions, or dragline dredged if the containment area is
dewatered. Critica) overbank sediments would be dragline dredgea, and
non-critical overpank sediments may or may not be oredged.

Implementation Summary-

1) Conduct cultural resources survey of impacted areas ana implement
necessary actions to recover or preserve valuable sites.

2) Construct within-basin diversion and diversion/containment dike.

3} Construct TUMDA.

4) Secure lease on return water treatment sysiem and set up at

TUMDA.

5) L(lear anu ygrub critical) overbank area, dredge those sedinents
with a dragiine to a depth of 3 feet, and dispose of in TUMUA.

) Uredge hi and iC channels by one of the two tollowing methoos:
a) Hycgraulic dredging as summarized in items (5) through (9) of

Section 4.9.2.

b) Uragline dredge HSB chiannel sediments within the containment
area (HYy Miles 4.0 to 5.6) to a aepth of 3 feet. Dispose of
sediments in the TOMDA. Uredge seaiments downstream from HSB
Mile 4.0 hydraulically as summarized in items (5) througn (Y) of

Section 4.9.2.

7) Uewater dreaged material in TDMDA.

8) Permanently dispose of DUTR-contaminated seaiments by closing

TuMDA as a lanatill.

9) Implemeat areawide environmental monitoring and long-term
monitoring and maintenance of the permanent disposal site.

Uptions Available with Alternative E--

1) Kemove non-critical overbank sediments to a oepth or 3 feet.

2) uelete carbon adsorption from return water treatment systeri.

3) Kemove oewatered sediments from TOMUA and dispose of in an

abandoned mine.

4) ULelete dredging of keach C (IC).

5) ULelete oredging of Keaches B and C (HSt Mile 2.4 to IC

Mile 0.0).

48

REVISED APRIL 1984




————

T v — . ) e

Cost Summary--The cost summary for Alternative £ is in Table lu.

S —

Impact Summary tor Alternative k--The environmental impacts of
witnin-pasin Jiversion and of dredying and disposal have been discussed
in Sections 4.9.5% and 4.3.6.

Witn regard to Cultural Resources, all probable or potential sites in the
proximity of #HS8, IC, and the disposal area would be impacted by dredging
associatea with Alternative t. In addition, the within-basin diversion
channel and dikes will impact one reported site and possibly other
potential sites.

4.9.0 Alternative F: Within-Basin Uiversion and Containment of
Contaminated Sediments

hSb woula be aiverted arouna the nignhly contaminated channel between
Miles 3.9 and 5.6. A containment dike as illustrated in Figure 8 would
be constructea. HSB and IC channel sediments downstream from the
containment area would be hydrautically dredged. Channel and critical
—————gvervank Sediments within the containment area would be covered witn
compacted clay ana clean fill. Non-critical overbank sediments may or
may not be covared. An option is given to construct a disposal area
witnin the diversion/containment dike for sediments dredged downstrean {
from HSB wile 3.9.

Implementation Summary- -

1) Conduct Cultural resources survey of impacted areas and implement
necessary actions to recover or preserve valuable sites.

2) Construct within-pasin diversion and diversion/containment dike.

3) Llear and grub critical overbank area. Kemove snags and debris
trom the HSB channel.

4) Cover critical overbank and chaunel sediments within the
containment area with a minimum of 6 inches of compacted clay and 18
inches of soil suitable for supporting vegetative cover.

i

5) Establish vegetative cover on placed fill. [ 3

b) Uredye contaminated sediments downstream from HSB Mile ¢.4 as
summarized in items (1) through (11) of Section 4.9.2.

7) lwplement areawide environmental monitoring and long-term
monitoring and maintenance of the permanent disposal site.

Uptions Available With Alternative F-- 3

1) Use within-basin diversion containment area for'disposal of
dredyed material.
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Table 11. Cost Summary for Alternative E (As Detailed in Table .11-20)

bredging hMethod|s)} Total Estimated Cost
Utilized {(Millions ot ULollars)
A1l Hydraulic Ureaging 9Yu.6/
Dragline bredying Between
HSE Miles 2.4 ang 5.b,
kKemainder Hyuraulically
bredgea yl.43

tstimatea trfect of uther Uptions on Cost tstimate (Millions

or Dollars):

-lrplement Noncritical Overpank Removal Option in keach A+
-Uelete Carbon Adsorption From Return Water
Treatment Systemn
-Implement Mine Disposal
{Including Disposal of Overpank Sediments)
-velete hydraulic Ureuyging of Keach C
-belete Hyaraulic Dra2dging of Reacnes ¢ and C

"+ +

14.57

4.16
16.51
45.37
29.02
4U.63
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¢) Cover non-critical dverbank sediments
3) Uelete carbon adsorption from returf water treatment system

4) kowove dewatered sediments from TUMDA and dispose of in an -
abangoned mine .

5) Uelete dredyging of Reach C (IC)

b) Uelete oredging of Reaches B and C (HSb Mile 2.4 to IC Mile U.0)
Lost Summary--Tne cost summary for Alternative i is in Table 11.
Impact Summary for Ahlternative F--The environmental impacts of

witnin-basin oiversion arg ot containuent have been oiscusseo in
Sections 4.5.5 ana 4.6.4.

With regarg to Cultural Kesources, all probable or potential sites in the
proximity of HSB, IC, anu the disposal area would be impacted by dreaging
or covering associated with Alternative F. In addition, the within-basin
oiversion cnannel and dikes will impact one reported site ano possibly
other potential sites.

5.0 PREVICTEL EFFECTIVENESS UF MITIGATION ALTERNATIVES

There are several measures by which the effectiveness of a mitigation
alternative can be estimated. These include the following:

1) Percent or mass of contamination contained in-place

2) Percent or mass of contamination removed and disposed of

3) HResioual contamination left in the system and the potential for its
mitigation by natural processes

4) ODegree of snort-term transport of UDTR downstream during
implementation

5) The time required for UDTk levels in biota (particularly fisn) to
reach acceptably low levels.

The oistinction is made between items 1) and 2) because there is an
innerent aifference in effectiveness between the two. Covering
contamineted sediments in place can be assuiled to be near 10U percent
effective, provided proper long-term maintenance is implementea.
Kemoving and disposing of contaminated sediments is subject to the
following shortcomings which preclude its being 100 percent eftective:

0 Some degree of residual contamination will inevitably ve left
behinag

0 Short-term transport of DUTK to tne Tk will occur to an undeter-
mined extent during oredging

»

o Tne potential for leakage or spillage during remov. operations.
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Table 1¢. Cost Summary for Alternative F (As Detaileo n Tavle [11-23)

Uisposal Uption Total tstimatec Cost
lmplementea (Mi1lions of Dollars)
Jse Tk

-excluding overbank covering option
-incluaing nverbank covering option

Use witnin-Basin viversicn Containnent
Area tor Disposal Area

88.3¢
Y4, 36

85.30

Estimated tffect of uther Uptions on Cost Estimate (Millions

ot Uollars;:

-Uelete Carbon mdasorption From Keturn water

Treatment System -
-lmplement Mine Disposal +
-velete Hydrauiic Uredying of ReaCn C -
-Uelete ryuraulic Ureaging of Reaches & ana ( -
-Ubtuin LN-%1te sorrow material tor Construction and

Closure or Uisposal Site Within the Lontainment Area

(Suitability must be determined) -

4.16
i4.0uU
29.0¢
4U.063

5.09
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‘The a@gree to Whicn these occur Gan be minimized by careful momitdring
.and control of the dredying operation. Hhowever, since they will
inevitably occur t6 some extent, dredging and removal can be assumed
somewhat less effective than in-place containment.

The etfectiveness of any of the alternatives is affected by residual
contamination which can result trom (1) areas of contamination where no
direct mitigation is attempted and (2) contamination remaining due to
inefficiency in the mitigation technique applied. uUbviously if a
gecision is made not to dredge the lower reaches of IC, the contamination
left in this area will reduce the effectiveness of the alternative.

[tem 4 pertains strictly to dredging. The degree to which downstream
uUTR transport occurs dependas on the alternative selected as well as
turbidity control at the dredge head. A within-hasin diversion will
eliminate UUTK transport from the highly contaminated area within the
containment dike, but will affora no protection outside the dike. The
out-of-basin giversion can eliminate DUTR transport from areas upstream
ot Uoda Koad as well as greatly reduce it below Uodd Koad and in IC.

A compdarison cf etfectiveness of alternatives (excluding any
cunsideration ot biota contamination) is given in Table [I-54.

Finally, a key tactor is the effectiveness of an alternative in reducing
VUTR levels in fish to helow the S ppm FUA gquideline. Unfortunately,
this is probably the most difficult measure of effectiveness to predict
~ith accuracy. On the one hand one can state that removal or isolation
ot a nigh percentage ot the DUTK in the HSB-IC system can, in the long
term, only nelp the situation. Yet because of the high prtential for
signiticant tish contamination trom even low residual levels of UUTK, one
cannot easily predict how quickly positive results can be realized
following a clean-up effort.

Several factors shoula be considered in attempting to judge how long it
might take tor UUTK levels in fish to be reduced to below 5 ppm. These
include current contamination levels, method of cont~aination, de-
gradation of UUTKR by natural processes, effectiveness of DDTK removal,
and rate at which fish can excrete or break down DLUTR. In Appendix II,
Section 5.3, these factors are considered in some depth. Channel catfish
in Wheeler Reservoir downstream of I[( appear to have UUTk concentrations
on the order of lU ppm due to very low level contamination of either or
both sediment and water. Near IC DDTR levels in channel catfish are
higher which may be due to higner localized sediment or water UDTR
concentrations and/or to migration of fish in and out of IC. Neverthe-
less, it appears that for channel catfish bioconcentration of UUTR
produces *ist concentrations in excess of 5 ppm from extremely low
environmental concentrations. Hence, it is not reasonable to expect
channel cattish DOTk levels to drop below 5 ppm until environmental DUTR
levels are reduced below what currently exists i1 the TK. Presently this
level 1s below what might reasonably be expected to initially remain in
[C and HSb after a mitigation alternative was completed. Further, these
levels of DUTR in the TR water and sediment would still be present even
it a mitigation alternative were completed. tollowing the completion of
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any of the alternatives except natural restoration, it is assumea tnat
the flow or UUTK to the TK would be significantly reducea. with little
or no "fresh" DUTR entering the river, it coulo be expected tnat existing
concentrations would go down.

Unfortunately, no data exists regarding natural degradation rates for
DUTK under conditions similar to those found in IC and TR. Uata for
breakdown rates in soils show figures ranging from less than one year to
greater than 30 years depending on a number of conditions. Under the
assumption that some mitigation action had essentially eliminatea the
movement of UUDTR from IC to the Tk ana that natural breakaown in an
aquatic environment might roughly parallel breakaown in tne soil,
significant reauctions in DDTR might occur in roughly 1-30 years.

Since the uptake and reduction of DDTKR in fish has been shown to occur in
significantly shorter time spans than appear to be required for natural
degradation of DUTK, it is assumed that the fish are at or near equili-
brium with respect to DDTR in the environment. Consequently, one woula
expect DUTR levels in fish to closely parallel reductions of DOUTk in the
environment.

If the assumptions and conditions noted above are valid, it might take
from a relatively few to 30 or more years for DDTk levels in channel
catfish in the TR to drop below the 5 ppm guideline following completion
of one of the action alternatives. Further, since any of the action
alternatives will leave at least some residual amounts of DOTR in IC
above what currently exists in the Tk, the channel catfish in IC can be
expected to remain contaminated for even longer periods of time.

No aifference between the action alternatives can be detailed regaraing
how quickly DDTR levels in channel catfish in IC and HSB can be reduced.

The natural restoration alternative is predictea to be ineffective in
controlling UDTR contamination of the HSB-IC-TR system.

% REVISED APRIL 1984




IIT. APPcNDIX III: ALTERNATIVES FUR MITIGATION OF LUT CUNTARINATION In
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3.3 VOLATILIZATIUN FROM SUIL, WATEK AND UTHER SURFALES

The major means of pesticide entry into the atniosphere are:
0 spray drift during application;
o volatilization from treated surfaces; and
o rovement of wind blown dust particles (Spencer, 197/5).

potertial volatility of the various UUT isomers and degraaation progucts
is related to their vapor pressures but actual volatilization rates will
depernd on euvironmental conditions and all factors that moaify the

ef fective vapor pressure (Spencer, 1975). Vapor pressure or potential
volatility is greatly aftectea by the interactions with soil. Adsorption
ot ULT dependas upon its concentration in soil, soil water content and
soil properties (Spencer, 1970). Guenzi and Beara (1970) reported that
the initial LUT volatilization rate was inversely related to soil organic
mdtter content.

The o,p' and p,p' isomers of DDT, DDLU, and DDE are generally only slight-
ly soluble in water (bowman et al., 1960). As a result they tend to
accumulate at either air-water or soil-water interfaces. This tendency
results in an accelerated volatilization of DUTK from such systems. This
tendency, however, is offse* by adsorption of DUTK to soil and colloidal
materials. bailey and White (1964 and 1970) and white and Mortland
(1970) observea that soil or colloid type, temperature,. nature of the
cation on tie exchange sites and the nature of the DUT formulation all
directly infiuence adsorption.

In water-ULT systems, water and UDT vaporized independently of each other
by diffusion (Hartley, 1969; Hamaker, 1972; Spencer et al., 1973). uDT
exhibits a high affinity for concentrating at the water-air interface
(Bowman, et al., 1959, 1964 and Acree et al., 1963). This ennanced
volatilization was termed co-distillation (Acree et al., 1963).

Losses oy volatilization from soil will aepena on pesticiage co:.centration
and vapor density relationships at the soil surface. [Guenzi and Beara
(1970) reportea that the initial DOT volatilization rat.: was inversely
related {0 soil organic matter content.] Volatilization rate decreases
rapidly, however, as the concentration at the soil surface drops and,
thereatter, becomes dependent upon the rate of movenient of the pesticide
to the soil surface (Spencer, 1970; Spencer and Cliath, 1973; Farmer

et al., 1972 and 1973). Vapor pressure of pesticides at the soil surtace
75 3 major faczor influencing volatilization rate. The vapor pressure of
ULT in soil increases greatly with increased UUT concentration and tem-
perature but decreases substantially when the soil water content de-
credses below nane molecular laver of water (Spencer and Cliath, 1972).
Further, the soil water content markedly influences the vapor pressure.
Spencer and Cliath (1972) reported the relative vapor pressure of DUT in
Gila silt loam was 21 times greater at 7.5 percent than at Z.¢ percent
5011 water content. 2

Spencer and Cliath (1972) reported the relative vapor pressure and vola-
tibility of OUTK (see Table [-2).

L r
ti/.’z
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Table I-2. Saturation Vapor Uensities and Apparent Vapor Pressures of LUT

and Related Compounds at 30°C

Vapor Uensity

Vapor Pressurel

Cnemical ' (ng/L) (mm ng x 10-7)
p,p'-LLT 13.6 7.26
0.p'-LLT 104 §5.3
p,p'-DUE 109 64.9
p.p'-LLD 17,2 10.2
0.p" -DDE (104)2 (61.6)2
0,p'-LbL (31.9)3 (18.9)3

ICalculated from vapor density, w/v, with tne equation: P

ZAtmosphere probably not saturated with o,p'-DUDE. UUE in
mainly p,p'-DUE.

= wfv + RT/M.

sand column was

3Atmosphere probably not saturated with o,p'=DUU. The sand column was
prepared with p,p'-0Db, which contained sufficient o,p'-UUU as an impurity

to produce this vapor density.

Source: Spencer and Cliath, 1972.
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The composition of vapor at 3U°C in equilibrium with technical LULT
applied to silica sand, a non-adsorbing surface, at a rate of 1-2 percent
is listed in Table 1-3 (Spencer and Cliath, 1Y72).

Taole [-4 presents the vapor densities of UDTR and the percentage of the
total vapor made up of each constituent as related to application rate of
technical V0T to Gila silt loam.

Little information is available regarding volatilization from plant
surtaces. Une would assume vapor percentages would be similar to those
presented in Table I-4 until only p,p'-DUT remained.

Actual estimates of volatilization from soils have rarely been made
utilizing field conditions. Spencer (1975) did estimate a rate of 5 to
10 kg/ha/year for surface residues of DDT in the temperature range of
25-30°C based on available published laboratory data. Soil incorporated
resigues would volatilize at a much jower rate.

A study by Ware et al. (1977) measured OUTR loss from ,0il by volatiliza-
tion over a one year period from a desert plot and over 76 uays from a
cultivated cotton field. The desert area lost 80U percent over 12 montns
whiie the irrigated, cultivated cotton plot only lost 20 percent during
tue 7uv day perioa. These estimates are indicative of the range of loss
rates under a variety of field conditions.

3.4 PEKSISTENCE [N SOIL

A number of 1investigators nave estimated the persistence of LuT in soils
(see Table I-5 ter a compilation)., These estimates range from less than
a year to some 3V years. It is difficult to predict degradation rates
since many factors influence persistence. These factors include soil
type, organic inatter content (Liechtenstein and Schulz, 195Y;
Liechtenstein et al., 196U; Bowman et al., 1965) moisture level, pH,
temperature, cultivation, mode of application and soil organisms
(Lichtenstein, 1965).

3.5 WATER SuLUBILITY

The solubility of DUT in water is reporteu to 1.2 parts per villion
(ppb)(Bowman et al., 1960; Harris, 1970). Gunther et al. (1468) noted,
however, that natural waters contain salts, colloidal materials and
suspended particulate matter which may increase the apparent solubility
of DUT.

4,0 UUT DEGRADATION IN THE ENVIRONMENT

In order to describe the degradation of DUT in the environment, the
subject will be proken down into several subsections for review. An
overall metabolic pathway is shown in Figure I-2 in an effort to describe
the picture concisely.

1-7
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Table [-3. Vapor Composition in Association with Technical DUT at 30°C

Vapor Uensity

Conc. in Tech

Chemical ng/C % 0f lotal LOT (%)
p,p’-U0T 13.6 8.0 74.6
o,p'-D0T 104 6l1.7 21.1
p,p'-UUL 24.1 14.5 0.81
0,p’-but 26.9 16.0 0.07
TOTAL 108.6 Yt .

A— b = -

Source: Spencer and Cliath, 1972.

[-8
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Table I-4. Vapor Uensity of p,p'-UuT, o,p'-vuT, p,p'-DUE, and o,p’-UUE j
as Related to Concentration of Technical DUT in Gila Silt f
Loan at 7.5 Percent water Content and 30°C -
Tecn. . .
puT! Vapo~ Uensity (ng/L) Vapor Uensity (» of Total) ‘
Conc. Pop'=  0,p'-  p,p’ 0,p' Psp'- 0,p'- pyp'- 0,p'- |
(™g.'q) LT DuT JUE UUE Total wUT bov VUE bt {
2.5 1.11 l.1b 0.43 --- 2.70  41.1 43.0 15.9 ---
5 .65 2.22 U.6u -—- 5.47 48.4 4U.6 11.0 ---
1V b.07 5.¢6 1.08 --- 12.41 48.9 42.4 8.7 ---
2V 13.95  11.92 .94 0.45 29.26 47.8 40.7 10 1.5
40 12.11  Z1.40 3.03 0.70 27.24 32.5 b57.5 8.1 1.9
69 13.37 32.74 3.42 V.97 50.5¢ Zb.5 64.8 6.8 1.9
120 13.6¢2 67.0 5.41 1.0 87.67 15.5 70.4 6.2 1.9

1Techm’cal DUT containing 74.6 percent p,p'-0uT, 21.1 percent o,p'-0UT,
U.81 percent p,p'-UDL and 0.07 percent o,p'-ULE.

Source:

Spencer and Cliath, 1972.

- - - -
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Table I-%. Estimates of Halt Lives and/or Disappearance Rates trom Soil

Estimate Ketference
16 years Kiigemagi and Terriere (1Y7¢)
1u% remainea arter 15 years Lichtenstein et al. (19/1)
V.Y years pn=4 laboratory conditions
11.3 years pn=b.b VUT + Dut Eksteat (1475/76)
3-10 years Menzie (1472)
tU years Yule (1973)
¢~15 years mMartin (1966)
Z2-4 years Metcalf and Pitts (1969)

3Y% remained after 17 years

4-3y years (mean of 1lU years) to
eliminate Y5% cof applied

30 year persistence

<1 year for surtace deposits.

lu+ years if incorporatea b-8" into soil

15 years '

7 hours (anaerobic sewage sludge)

Nasn and woolson (1967)
tdwaras {196b6)

Dimond et al. (1970)
freed (197v)

ChishoIm and MackPhee (19472)
Jensen et al. (1972)

I-1v
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4.1 DEGRAUATIUN Ikt SOILS UNUEK AERUBIC CONuUITIONS

Commercial DUT consists of a mixture of about 84 percent p,p'-UUT ana
15 percent o,p'-0UT (Lichtenstein et al., 1971). The major part of the
following discussion will be in regarg to the p,p'-uuT.

Many investigators have reported the deyradation of DUT in a variety of
soils and/or pseudo soils. p,p'-DUT is readily agenyarochlorinated to
give the major decomposition product, p,p'-DUE (Saker ana Applegate,
1970; Castro and Yoshida, 1971; Licntenstein et al., 1971; Kuhr et al.,
19/2; Smith and Parr, 19/2; Cliath and Spencer, I97¢; Kiigemagi and
Terriere, 1972; Frank et al., 1974a; wuenzi and Beara, 19/6b; tkstedt,
1975/7v; Johnsen, 1976) under aerobic condi“ions. The o,p'-DUT degrades
to the corresponding o,p'-DLE isomer.

Uther degradation products have also been reported. .DUD (Kiigemagi and
Terriere, 197¢; frank et al., 1Y74a), UbP (Kiigemagi ana Terriere, 1972)
and dicofol (Lichtenstein et al., 1971; Kiigemagi and Terriere, 1972)
have been detected in a few instances. These derivatives were not
detected in the bulk of the literature., If they were reported, usually
trace quantities (Lichtenstein gg_gl., 1971) were measured. The work ofr
Kiigemagi and Terriere (1472), however, revealed relatively high levels
of LUL and dicofol. Although dicotol per se had been applied, these
authors suggested its presence might have been partially as a result of
ubT gegradation in orchard soils.

Other reports (Smith and Parr, 1972; Guenzi and Beard, 1976) have dis-
cusseda the etfects of temperature, soil water and pH on UUT stability.
Guenzi and beard (197¢) reported that DUT degradeo to DUE at increased
rates at higher temperatures. When DUT was mixed with Kaber silty clay
loam at a rate of 10 ppm and incubated at various temperatures for

140 days, tnhe following percentage conversions were detected:

Temp.,*C % VDT % ODE
30 82.1 6.7
40 74.5 12.5
50 53.2 21.6
60 38.3 34.8

No other LOT related chemicals were detected. By comparing these oata to
data generated using sterilized soil, it was repcrted that this conver-
sion to LUE was predominantly a chemical process (84 percent at 30° and
91 percent at 60°) rather than a biological process. kates of DUE form-
ation in sterile soi) containing 1/3 bar moisture were much higher than
in air dry soil.

Smith ang Parr (1972) reported that UUT was stable in soil treated with
anhydrous ammonia (pH >10). They further inoicated that the threshold ph
for dehydrochlorination of DUT to UUE in a model system using microbeads
was 12.5 with extensive conversion at 13.U.

kkstedt (1Y75/7%) reported a higner retention of OUT and DUE in soils of
pH 6.0-6.6 than in soils of lower pH (3.6-5.3). The higher pH soils
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averagea 44 percent of the original DUT applied 17 weexs after addition,
compared to 7Y percent DUT in the more aclaic soils. Tne uwore acigic
soi |l possesseda less DUt as well. 5011 type aid not appear to influence
these results.

Johnsen (197v) nas reviewed tne sudject 1q deptn and the reader 1is
referred to this article for further details.

4.2 UEGKADATION N SUILS UNDEK ANAERQOBIC CUNUITIOWS

The degradation of LUT under anaerobic conditions is well-documented.
Prior to work in soil systems a number of reports appearing in the late
1YoU's (cited by Parr et al., 1970) incicated a more rapid degraaation of
DUT in anaerobic microbial systems than in aeropic systems.

Parr et al. (1Y70) incubatea LUT in glucose-fortifiea, moist {1/3 bar)
Crowley silt loam and Arch loamy tine sana eitner aerodically in

€U, -free air or anaerobicaliy in Ar, Ny, and W,+C0, (80:20). 0OT
gegradation followea the order Ar > N, > N,+Cu, (s0:20) >

CO,~free air. The major product of deygradation was UUD anda to a lesser
extent DULE. While flooding of the Crowliey soil proviced an anaerobic
environment it only led to 41 percent DUT degradation whiie moist soil
incubatea in N, or Ar resulted in 98 percent degradation. These
authors also cautioned against using laboratory gata as a predictor of
field degradation.

Burge {1971) demonstrated that glucose or ground alfalfa added to soil
acceleratea the anaerobic disappearance of OUT. This investigation
reported further that addition of 2 steam distillate rfrom alfaifa will
also increase anaerobic LUT disappedrance. When volatile components of
the steam distillate were compared with glucose, the following order of
effectiveness was found: acetaldenyde = isobutyraldenyde > ethanoi >
glucose >> methanol. The anaerobic disappearance of DUT was inhibitea by
autoclaving the soil but could be re-establishec by innoculating the
autoclaved soil with viable soil. 00T was converted to DUU although
cunsiderable UUT disappeared from the system ana could not be dccountea
for. Burge (1Y71) inoicated tnat neitner DUD nor DUE were lost from nis
experimental system and thus DUT must te disappearing Dy some otrer
necnanism,

Castro and Yoshida (197/1) reported the degradation of DOT in Philippine
soils. They comparea aerobic and anaerobic conditions in several soil
types. Botm UUT and ULD were degraded much more rapidly unter floodea
{anaerobic; conaitions than under aerobic congitions ang 1n soils with
nigh organic .iatter content. 000D accumulateo in floogea soils and no
other LUT related components were detected. The authors stated that bul
was more stable than 0OOT under tnese conaitions but tnat after 6 months,
even the DUV residue had declined substantially. Castro and Yoshida
(1971) pointes out, after comparing sterilized and non-sterilized soils
that losses tkrough volatilization are small when compared to losses
through micropial degradation.
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Smith and Parr {1Y72) described the chemical stability of DulU under

selected alkaline conditions. UUD remained stable for extendeu periods

ot time at ph=10 out it was rapidly converted to UUM at pH=13 ana then
aisappeared with time. "

Parr and Smith (1974) reported the relatively slow degradation of UUT
under moist anaerobic and flooded anaerobic conditions in an Everglades
muck soil amended with alfalfa meal. UUT degrauation was increased in
the tlooded anaerobic environment subjected to continuous stirring. The
authors suggested tnat the lack of substantial degradation might be the
result of: (1) the adsorption of DD1 so that it was unavailable for
microbial or chemical degradation; and/or (2) the lack of organisms
capable of degrading DUT.

Castro and Yoshida (19Y74) reported tnat both organic matter and the
nature ot its constituents influence the anaerobic biodegradation of ULUT
to Dbu. They gemonstrated that the process was microbial rather than
chemical and that degradation was stimulated by the addition of several
organic matter amendments. The kind of organic matter was only important
to aegradation in certain soil types and not in all.

Guenzi and Beard (1Y7ba, incubated Raber silt loam contaminated with
10 ppm DUY unger anaerobic conditions at various temperatures. Kesults
after 7 days ot incubation are summarized below:

Temp. % DOT % LDO % DDE
30 80.0 12.34 0.8
40 63.6 19.5 2.1
50 44,2 38.8 3.4
60 9.8 43.6 4,1
The anaerobic degradation pathway was DUT 110 GUMU. Unly minor {

amounts of UUE were formed and they remained stable throug.iout the
study.

4.3 UEGKADATIUN BY SEWAGE SLULGE |

In late 1972 a previously unreported metabolite of DUT was reported by
two research groups (Albone et al., 1972a; Jensen et al., 1972). Both
yroups incubated UUT in biologically active anaerobic sewage siudge. In
addition to detecting DDD, ULBP, LDMY, the formation of DULN was con-
firmed. HNeither group could speculate on whether the mechanism ot
tormation was chemical or biological.

4.4 UEGKADATIUN IN SEDIMENTS

ARlbone et al. (1972) evaluated the fate of DUT in Severn River Estuary |
segiments.  In situ sediments having a temperature range of 5-25°C caused i
less DUT degradation than did incubating the same sediment under water in
the laboratory at 25°C. The same degradation products, mainly DUD, were

i v
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detected in both systems. These authors reported evidence that another
metabolite, DUA, was present but were unable to confirm its presence.

4.5 OEGRALATIUM BY SPECIFIC MICROBIAL POPULATIONS

The metabolism of DUT by microorganisms has been investigated by a number
of rrsedrchers. Patil et al., (1970) reported that 20 microbial cultures
whicn had been shown to degrade dieldrin were also able to degrade UDT.
Tnese organisms were incubated in stationary test tubes at 30°C for 3v
agays. Ten of the bacterial isolates deyraded DDT to a dicofol-like
compound; 14 of the isolates degradea DUT to GDA ana possibly other
acidic materials. None of the cultures produced DUE. Perhaps even more
surprising was the formation of LOU by 17 of tne isolates all unaer
aerobic conditions.

Pfaender and Alexander (1972) examined the ability of extracts of
Hydrogenonionas sp. cells to degrade DOT. Cell-free éxtracts (5 mg
protein/m1) were incubatea in 30 m1 of 0.1 M phosphate buffer at pH 7.0
for 4 days at 30°C under a nitrogen atmosphere. DOT was converted to DOD,
UUMS, UBP, and OUE under these anderobic conditions. p-Chlorophenyl-
acetic aciu was isolated after adding whole cells and oxygen; this result
indicated phenyl ring cleavage. These authors also demonstrated that a
strain of Arthrobacter could grow on p-chlorophenylacetic acid converting
it to p-chToropnenylglycoaldehyde. These studies reveal the possible
extensive gegracgation of LUT under the proper conditions.

4.6 UEGRAVATIUN BY FUNGI

Thie degradation of ULUT by fungi has been reported (Anderson et al., 1970;
Focht, 197¢2). Anderson et al. (1970) isolated several fungi trom an
agricultural loam so1l and found that Mucor alternans partially degraded
LUT in a period of two to four days. Shake culturec of M. alternans
degraded DuT into three nhexane-soluble and two water-soluble metabolites,
none ot which were identified at the time. These compounds were not LUD,
LUE, DUA, DBP, of dicotol, or DUMS. Attempts to demonstrate this DDT
degrading capacity in field soils, however, were fruitless.

Focnt (1972) described the isolation of a fungus capable of degrading UOT
metabolites to C0,, water and chloride. The isolate was a hyaline
Moniliceae fungus. Incubation of this organism with UDM resulted in
growtn of the fungus and the bpreakdown of UDM to COZ, HZU’ and HC1.

It was pointed out that the complete degradation of DUT occurred only
under nearly optimal conditions.

4.7 DEGRADATIUN BY ALGAE
OUT degradation by algae has been studied in both marine (Keil and
Priester, 19Y69; Patil et al., 1972; Bowes, 1972; Kice and Sikka, 1973)

and fresh water forms (Moore and Dorwara, 1968; Miyazaki and
Thorsteinson, 1972; Neudorf and Khan, 1975).
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orders of magnitude and ranges. For example, Lake Michigan was reported
to contain 1-5 ppt LUT in the water which resultea in predaceous coho
salmon accumulating UDT levels of 5 to 10 ppm (Keinert, 1970). Factors
affecting rates and extent of biomagnification are numerous and include:
water composition, temperature, how the organism is exposed, as well as
the age and size of the organism. Most of the factors affecting bio-
accumulation also afrect toxicity to aquatic organisms and are discussed
in more detail in the next section.

Some examples of biomagnification in various aquatic organisms have oeen
reported by Sodergren and Svensson (1973), Johnson et al., (1971), Yadav
et al., (1975), vedford and Zabik (1973) and Macek and Korn (1970). an
extensive listing ot bioconcentration factors taken from tPA's "amoient
water (uality Criteria" for DDT may be founa in Table I-6.

Sodergren and Svensson (1973) evaluatea the kinetics of uptake of LuT and
degradation in nympins of the mayfly tphemera dganica. Using a continuous
flow system for UUT exposure, a maximum and constant DDT level in the
nymphs was reached after 4 to 5 days exposure. This indicates that an
equilibrium between uptake ana excretion had been established. The mag-
nification factor (ratio of DUT concentration in organisms to UDT con-
centsation in water) from 4 to 9 days exposure was on the order of

3x10~ for LUT + LULE + LDU, and the kinetics of uptake appeared to fit a
first order rate equation. UUE was the major UUT metabolite founa in
most of the organisms.

Biomaygnification and degradation of DUT in fresnwater invertebrates was
studiea by Johnson et al. (1971), also using a continuous flow apparatus.
Table [-7 shows the organisms studied and the biomagnification factor
after 1, 2, and 3 days exposure to approximately 100 ppt ODT in the
water. Rate of uptake was very rap1d with tne Cladoceran, Daphnia magna,
ana the mosquito larvae, Culex pipiens, exhibiting the greatest degree of
biomagnification and having residue levels over 100,000 times that
present in the water. No maximum accumulation level was reported in any
species. Again the major DUT metabolite was DUE (see Table I-8) and in
the mayfly nymph, Hexagenia bilineata, 85 percent of the residue was

LUE.

Yadav et al. (1978) reported the uptake, agegradation and excretion of DULT
in the freshwater snail, Vivipara heliciformis. Aquaria maintained under
static conditions were used to expose snails to three LDT concentrations,
0.0U5, U.Ul ana U.U5 ppm resulting in biomagnification factors of 300,
325 and 7v, respectively. DUE and LUL were the major metabolites, with
slightly higher levels of DUt than LUU in the 0.005 ppm treated snails,
while UUD was the major metabolite in the 0.01 and 0.05 ppm treated
snails. Snails from the 0.05 ppm aquaria excreted 94 percent of the
accunulated UUT in 9 adays when transferred to "clean" water. It should
be noted here that LDT concentrations exceeued the water solubility.
Under these conaitions some of the UUT may have precipitated out of solu-
tion or would possibly be present in suspension. Although the organisms
woula still ve exposed to DUT the conditions are not the same as they
would be if DUT were in solution.
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Table 1-6. Bioconcentration Factors for LDDT and Metabolites

A

Bioconcentratian Time
Urganism Factor (days) Reference
Coontail, 1,90 30 Eberhardt, et al. 1971
Ceratophyllum demersum
Cladophora, 21,580 3u Eberharat, et al. 1971
Cladophora, sp.
Duckweed, 1,210 30 Eberharat, et al. 1971
Lemna minor
Water milfoil, 1,870 3u tberhardt, et al. 1971
fiyriophyllum sp. - =
Curly leaf pondweed, 14,280 3u Eberhardt, Eﬁnil' 1971
Potamogeton cripus
Narrow-leaf pondweed, 781 30 Eberharat, et al. 1971
Potamogeton foliosus -
Sago pondweed, 6,360 30 tberhardt, et al. 1971
Potamogeton pectinatus .
Soft stem bulrusnh, 495 30 tberhardt, et al. 1971
Scirpus validus =
Bur reed, 623 30 Eberhardt, et al. 1971
Sparganium eurycarpum =
Bladderwort, 2,200 30 Eberhardt, et al. 1971
tricularia vulgaris =
Mussel, 2,400 21 Bedford and Zabik, 1973
Anodonta grandis
Clams (five species composite), 12,500 56 Jarvinen, et al. 1977
Lampsilis siliquoidea
Lampsiiis ventricosa
Lamsmigona costata
Fusconaila flava
Ligunia recta
Cladoceran, 9,923* 14 Priester, 1965
Dapnnia magna
63,500 21 Hamelink and Waybrant, 1976

Loovlankton (mixed),
Laphnia sp.
Kerate:la sp.
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Table 1-b. Bioconcentration Factors for DUT and Metabolites (Continued, page 2)

Urganism

————— ® - o - - —

Freshwater prawr,
Palaemonetes paludosus

Crayfish,
Urconectes punctata

Crayfish,
Procambarus alleni

Maytly (nymph),
tphemera danica

yragonfly (nymph),
Tetragoneuria sp.

Bloodworm,
Tendipes sp.

Red Leech,
Erpobdella punctata

Alewite,
Alosa pseudoharenqgus

Lake nerring,
Coregonus artedi

Lake whitefish
Coregonus clupeaformis

8loater,
Coregonus hoyi

Kiyi
Coregonus kiyi

Cisco,
Coregonus sp.

Ltoho salmon,
Uncorhynchus kisutch

Rainpbow trout,
Salmo gairaneri 1976

Rainbow trout,
Salmo gairdneri

biogoncentration Time
Factor (days) Reference
7,000 fiela Kolipinski et al. 1971
5,060 30 Eberharat, et al. 1971
1,947 field Kolipinski, et al. 1971
4,075 5 Sodergren and Svensson,
1973
2,700 2V wilkes and Weiss, 1971
4,750 30 Eberhardt, et al. 1971
7,520 30 tberhardt, et al. 1971
1,296,666 fiela keinert, 197V
2,236,666 field Reinert, 1970
260,000 field Reinert, 19/0
2,870,000 field Reinert, 1970
4,426,600 field Reinert, 1970
368,777 field Miles and Harris, 1973
1,503,571 field Lake Michigan Interstate
Pestic. vomm. 1972
181,000 108 Hamelink and Waybrant,
1976
11,607 field Miles and Harris, 1973
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Table I-b. bioconcentration Factors for UDT ana Metapolites (Continued, page 3)

Bioconcentration Time

Urganism Factor (days) Reference
Rainbow trout, 38,642 84 keinert and bergman, 1974
Salmo gairdneri
Brown trout, 45,357 field Miles and Harris, 1973
Salmo trutta
Lake Trout, 458,259 field Miles and Harris, 1973
Salvelinus namaycush
Lake trout, 1,168,333 fiela Reinert, 1970
Salvelinus namaycush
Lake trout, 47,428 152 Keinert and Stone, 1974
Salvelinus namaycush
American smelt, 70,000 field Reinert, 1970
Usmerus mordax
Carp, 640,000 field Reinert, 1970
Cyprinus carpin
Common shiner (composite) 363,000 40 Hamelink, et al. 1971
Notropis cornutus
worthern redbelly dace,
Chrosomus eos
Fatneaa minnow, 99,000 240 Jarvinen, et al. 1977
Pimephales promelas -
White sucker, 110,000 field Miles and Harris, 1973
Catostomus conmersoni
White sucker, 96,606 field Reinert, 197v
Catostomus commersoni
Trout-perch, 313,333 field Reinert, 1970
Percopsis omiscomaycus
Flagfish, 14,526 field Kolipinski, et al. 1971
Jordanella floridiae
Mosquitofisn 21,411 field Kolipinski, et al. 1971
Gambusia affinis
Rock bass, 17,500 fiela Miles and Harris, 1973
Ambloplites rusestris
Green sunfisn, 17,500 15 Sanborn, et al. 1975
Lepomis cyanellus
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Hummon (1974) stuaied the effects of DUT toxicity on reproductive rate in
the freshwater micrometazoan, Lepidodermella squammata using static con-
ditions. They found the reproductive letNalifg"TRECT_ht Yo hours for DULT
to ve 3 ppm. This indicates that 50 percent of the organisms ceased to
reproduce when exposed to 3 ppm UDT for 96 hours. Ninety-five percent
KLC occurred at Y ppm (96 hours). LC5U at Y6 hours was 5 ppm buT ang the
LCY95 at Y6 hours was 12 ppm DOT.

Rawash et al. (1975) and Maki and Johnson (19/5) both reported on the
toxicity ot DUT to the mi:crocrustacean, Daphnia magna Straus. Maki and
Johnson (14975) determined the LC50 for DUT after Ig days to Le U.67 ppb,
while 50 percent inhibition of reproduction occurred at 0.5 ppb. In
contrast, Kawash et al. (1975) reportea LC50 values of 6.5 ppt after 24
nours of exposure. The difference can be explained by the length of the
toxicity assay and/or experimental conditions.

Sdnders and Cope (1968) determineo the toxicities of UDT ana several
other insecticides to three species of stonefly nyniphs, Fteronarcys
californica, Pteronarcella badia ana Claassenia sabulosa. UDI was the
Teast toxic c¢f the chlorinated hydrocarbons tested. The LC5U's for the
three species of stonefly nymphs were 7 ppb, i.Y ppv and 3.5 ppb,
respectively. They also otserved that DUT was 5 to lU times more toxic
to smaller nymphs than larger ones.

Freda2en (197¢) studied the toxicity of technical and formulated LUT and
DUU (TUE) in river dwelling larvae of three rheophilic species of
Trichoptera, Hydropsyche morosa Hagen, H. recurvata Banks, Brachycentrus
lateralos (Sdy). Tables I-11, 1-12, and I-I3 Tist specific LC50 values
associated with specific temperatures, metabolites and formulaiions.
Generally, techmical DUT was more toxic than formulated 00UT. The LC50's
incredsed as tne size of the larvae increased; DDT was also more toxic at
10°C tnan 2u°C.

Rawasnh et al. (1975) determined the LC50 for the fourth instar mosguito
larvae, Culex pipiens L. The LC50 was obtained from a standard toxicity
curve covering the range of concentration from (.05 ppm to 2.5 ppm. The
point at which 50 percent mortality occurred was approximately U.36 ppm.

Albaugh (1972) determined the effect of insecticide pre-exposure on DUT
toxicity to the crayfish Procambarus acutus (Girard). Crayfish were ob-
tained from two areas in south lexas. Une area had little insecticide
use while the other area contained cotton fields that had been treated
with DUT, toxaphene, and methyl parathion. The pre-exposed craytish were
oy mor~ resistant to UUT than the non-expused crayfisn with LC50's at
e~ —.__48 bours of 7.2 ppb and 3 ppb, respectively.

e ——— e

5.3 AQUATIC VEKTEBRATES

Post and Schroeder (1971) studied the toxicity of DUT ™n four species of
salmonids: brook trout (Salvelinus fontinalis), rainbow trout (Salmo
gairdnerii), cutthroat trout {Salmo clarki] and coho salmon (Uncorhynchus
kisutch). Toxicity limits (TLM) from ¢4 "0 96 hours exposure were
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Table I-11. Approximate Lethal concentrations (ppm) of DuT for Trichoptera

Larvae (Hydropsyche morosa Hagen and H. recurvata Banks) in
Water Circulageg by Compressed Air at”11°C and 21°C. Montreal,

5 to 31 August, 1965

DUT
Temp. Exposurg\

Species (*C) (hr) LCSU LCY0
H. morosa 11 3l - -———-
N bl N =

62 Py =31 ¥ o

21 3l 0.09 V.40

bl 0.0% 0.20

Y4 0.05 0.1v

. recurvata 11 3l 0.09 v.3u
B 6l 0.03 0.09
6¢ 0.02 0.03

21 3l 0.40 0.40

6l 0.06 0.2

62 0.04 0.06

1These uata were calcuiated from counts of larvae made immediately after 3-
ang b-hour exposures to test solutions.

¢These data were calculated from counts of larvae made after 6-hour
exposure to the test solution plus 18 hours in fresh water.

Source: tredeen, 1972.
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Table [-15. Uther Freshwater Toxicity Uata for DUT and Metabolites

Test Result
Urganism Lurat ion tffect (ug/1) keference
Cladoceran, 14 days L&0 0.67 Maki and Johnson, 1975
@mm‘a mayna
Cladoceran, 14 days & imibition of to- 0.5V Maki ang Johnson, 1975
Daphnia magna tal young produced
Scud, 120 hours  LCRO 0.6 sarders, 1972
Ganmarus fasciatus
Glass shrimp, 3 hours LCS0 4.5 rerguson, et al. 1965
Palaanonetes kadiakensis -
@lass shrimp, 1d) hours  LCSO 1.3 Sarders, 1972
Palagmonetes kadiakensis
stonefly (naiad), 30 days LCSY 72 Jersen and Gautin, 1904
Acroneuria pacifica
Stonefly (naiad), 30 days LU0 b5 Jensen and Gaufin, 1904
Pteronarcys califomia
Planarium, ¢4 days Asexual fission 50 Kouyoungian and Uglow,
Polycelis felina imhibition 1974
Ccho salmon, --- Reduced fry survival  1.09mg/kg  Johnson ard Fecor, 1969
uicorhynchus kisutch in eggs
Coho salmon (Juvenile), 7 days Increased cough 5 Schanburg, 1967
Oncorhynchus kisutch frequency
Coho salmon, 15 days Estimated median sur- 1.27 mg/ke  Buhler and Shanks, 1972
Oncorhynchus kisuteh vival time--160 days in food
Cuttnroat trout, --- keducea sac fry .4 mg/kg  Cuerrier, et al. 1%7
Salmo clarki survival in eggs
Rainbow trout, 24 hours Uncontrol lea ref lex 100 Peters and Weber, 1977
Salmo qairaneri react ion
Rainbow trout, 5 hours Cough response 5¢-140 Lunn, et al. 1970
Salmo gairaneri thresnold
[-52
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Table [-15. Other Fresrwater Toxicity Data for DUT and Metabolites (Continue., page 2)

Test Result
Organism Du~tion Effect (ug/1) Reterence
Rainbow trout, --- Reducea sac fry >0.4 mg/kg Cwrrier, et al. 197
Salmo gairdneri survival in eggs
atlantic salmn 30 aays Ketarded behavioral 50 vill and Saunders, 1974
(gastrulae), .
Salno salar development and impaired
balance of alevims
Atlantic salmon, ¢d fours Alteres temperature 5 (gilvie and Angerson,
salmo salar select ion 1%5
Atlantic salmon, 24 hours  Altered temperature 5 Ugilvie and Miller, 1976
Salmo salar seleciion for 1 mo.
Atlantic salmon, 24 hours  Alterad temperature 10 Peterson, 1973
Salmo salar selection
Brook trout, 24 hours  Lateral line nerve 100 Anderson, 1968
Salvelinus fontinalis hypersensitivity
Brook trout, 24 hours  Visuail conditioned Q0 Anderson and Peterson,
Salvelinus fontinaiis avoidance imibition 1969
“ook trout, - Reduced sac fry >0.4 mg/kyg Cwerrier, et al., 197
Salvelinus tontinalis survival in eygs -
trook trout, 4 hours  Altered tenperature 20 Gadner, 1973
Salvelinus tontinalis select ion
Brook trout, 156 cays Slignt reduction in ¢ mg/kg Macek, 1908
Salvelinus tontinalis s& fry survival in foxd
Yrook trout, 24 hours  Altered tenperature 10 Miller and Ugilvie, 1975
Salvelinus fontinalis select ion
Brook trout, 24 hours  Altered tamperature 106 Peterson, 1973
Salvelinus fontinalis select ion
Lake trout (fry), --- Redu.d survivai 2.9 mg/kg Burdick, et al. lyb4
Salvelinus namaycush in fry
Goldfisn, 2.5 hours  Loss of balance and 1,000 Auwbin and Johnsen, 1969

Carssius auratus

decreased sportaneous
electrical activity of

the ceredeliun
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thinner shells tnan controls. when UUE treatment was discontinued, the
treated birds laid eg3s which were still thinner than controls. Atter
11 months, treated birds laid eggs with shells averaging 7.4 percent
thinner than controls.

Kesults ot similar feeding studies in screech owls (MclLane and Hall,
1972) were comparable. After two breeding seasons with diets containing
1V ppm UDE, treated birds laid egys with shells that were 13 percent
thinner tran untreated birds. Longcore et al. (1971a) also reported on
the effect of DUt on the egyshell composition. black ducks were fed
diets containing 1U ppm and 30 ppm ULUE and mallaras were fec diets

witn 1, b, and 10 ppm DUE. Eggshells had increases in the percentages of
magnesium, sodium, copper and, decreases in parium, Strontium and
calcium.

Thin eygsnells contribute to cracking and reduced reproductive success,
but other etfects are also noted when UDT is present in the aiets of
birds. Porter and Wiemeyer (196Y) fed captive sparrow hawks a diet con-
taining dielarin and UUT. The major effects on reproduction were in-
creased egy disappearance (by breakage and eating of the young by
parents), increased egg destruction by the parents, andg reduced eggshel!
thickness (8-1U percent thinner). Similarly, the feeding of DUE to
mallards at ltevels of 10 ppm and 40 ppm resulted in eggshell thinning
(13 percent) and cracking (25 percent) as well as marked increases in
mortality (35 percent) (Heath et al. 196Y). ULUU and UUT also impairea ]
reproduction, but less severely than DUE. .

Quail fed uiets of UuT produced fewer eggs and eggs with thinner shells
(Stickel and Rhodes, 1970). Hatchability, nowever, was not significantly
altered.

In fiela tests, LUT was applied in oil at 2 Ins/acre over a four-yecar
interval on bottomlard forest (Kobbins et al. 1951). by the fitth
spring, there was a 26 percent decrease 1n breeding bird populations.
Uver the four year period, the American redstart, parula warbler and red-

eyed vireo suffered decreases of 44 percent, 4u percent, and Z8 percent, i
respectively. ;
Gallinacious species seem to be most resistant to most environmental pol- 1
lutants and raptor species the most susceptible (Cooke, 1973). 1ln Nortn ﬂ

]

America and Britain shell thinning is directly associated with population
decreases of raptor species.

In o classic paper, Anderson and Hickey (1972) studied over 2000 eggs of i
11 species in 14 geographic areas. They found the tollowing results: 4

1) An apparent decrease in the golden eagle population in tne
western North America since the 18%'s. i

2) Eggshell changes to be rare before 1939 and qutte common for i
sometime thereafter. This coincides with the advent and
widespread use of DUT as an insecticide.
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3) Shell-tninning had not occurred in 9 of 25 species. Uthers
showed varying decreases in shell thickness.

4) Snell weights decreased by 20 percent or more.

5) HNearly 8 species had rejional declines in population and in some
cases the decline seemed to be continuing.

Hulbert (1975) discusseo avian predator adependent species and noted that
evidence has accumulated relating organochlorine insecticides to
reproductive failures and population declines. Among those species cited
were the kestrel, peregrine, osprey, golden eagle, red shouldered hawk,
Cooper's hawk, brown pelican and the black-crowned night heron.

Many researchers have attempted to determine the cause of eggshell
thinning. The work of kolaja and Hinton (1977) is illustrative. It was
demonstrated that eggshell tninning in mallard ducks could be correlated
with a 35 percent reduction in ATPase activity in tne microsomal fraction
of eggshell gland epithelium. Since this Ca-ATFase is associated with Ca
transport, it was suggestea that this inhibition may be responsible for
thin eggsnells. In an earlier paper, Kolaja and Hinton (1976) nad noted
that vUT induceo shell thinning was accumpanied by histopathologic
alterations in the shell gland of mallara ducks. Table I-16 presents a
summary listing of to»ic effects of DOUT on various bird species.

5.5 MAMMALS

The agata on toxicity to various mammalian species is limited. Aguatic
mammals tiroughout the world accumulate substantial concentrations of
many different organochlorine pesticides (Stickel, 1973). Clark and
Prouty (1977) fed leb ppm DDE in mealworm bait to female big brown pats
for 54 days. Thereafter, 6 were frozen, and 16 were starved to death.
DDE increased in the brains ot starving bats; however, tremors and/or
convulsions, characteristic of neurotoxicity were not observed. The
brain DDE levels reached 132 ppm.

5.6 ALGAE ANU FUNGI

Four species of freshwater algae have been reported as sensitive to OULT.

UUT levels ranged from 800 ug/1 to U.3 ug/1 and effects included altera-

tions to growth morphology and photosynthesis. These data are summarized
in Table I-17.

Hookinson and Dalton (1973) evaluated the effect of OLT on the growth or
a variety of river fungi at two incubation temperatures. Generally, the
growth rates for the twelve fungal species were enhanced when DDT was
added (up to 60 ppm) to the medium. Kesults presented in Table [-18 ao
not indicate that a toxic level was reached.

6.0 EPA AMBIENT WATER QUALITY CRITERIA FUR LUT

A 4

EPA has proposed ambient water quality criteria for DDTR using guidelines
developed earlier (EPA, 1979; EPA, 1978).
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accordance witn this section ot the Act, such food is considered
by FUA to be actionable when: |

1) tne pesticicde residue level exceeds an established toler-
ance or 1s at or above an estabiishec action level; or l
2) there is evidence clearly demonstrating that a pesticide l

residue is present due to misuse, regardless of whetner
there exists a tolerance or action level.

The FUA guidelines manual (FUA, 1978) g.ves the following general
criteria for saupling and analytical work to support recommendations tor
action at the gistrict level:

In FUR, 1979, the regulations are turther explained as follows:

The following criteria, unless exceptions are specified in the
other criteria, are to be met for all district recommendations:

1) The sanple collected was representative of the shnipment in
accordance with the sampling instructions contdined in
Section 443 of the Inspectors Uperations Manual; and i

2) Tne exact portion of food preparea for analysis is specified by
the andalyst a:d was in accordance with 40 CrR 180.1(j) or if
not dppropriate, in accordance with Pesticide Analytical Manual
(Par) Volume 1, Section 141; and

3) ‘1 original and check analysis on the quantity of resiaue was
performed and the results obtained from each are in reasonably
close agreement (Note: it is not practical to be nore precise
in stating what constitutes "reasonably close agreement"
pecause this will vary according to pesticide, type of food,
analytical methog and residue level. Tnerefore, it becomes a
Judgement decision that has to be made on a case-by-case
basis.); and

4) The identity and quantity of the resiaue in either the original
or check analysis sample was confirmed by an appropriate
method,; and

5) The analytical methods used for the origiral and check analyses p

are contained in the PAM, Volume I or Il or the AUAL Book of 1
Methoas or are otherwise considered by DRG to be suitable tor |
FOA regulatory purposes; and 1

6) The aistrict is satisfied that the analytical work supports the
reportea residue findings of the laboratory and is adequate to
sustain scrutiny in a court of law.

Action levels for poisonous or deleterious substances are
established by the Food and Drug Administration (FUA) to

1-6 .
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control levels of contaminants in human foog and animal feed.

The action levels are established ang revised accorging to
criteria specified in Title 21, Code of Federal kequlations,
Parts 109 and 509 and are revoked when a regulation estaplish-
ing a tolerance for the same substance and use become effective.

Action lev2ls and tolerances represent limits at or apove which
FDA will take legal action to remove adulterated products from
the market. Where no established action level or tolerance
exists, FUA may take legal action against the product at the
minimal detectable level of the contaminant.

Action levels and tolerance are established based on the unavoia-
ability of tne poisonous or deleterious substance and do not re-
present permissible levels of contaminatian where it is avoid-
able.

The "Action Level" defined for UUTR in fish is 5.0 ppm. UOTk s defined
as the sum of DUT, DUE, and DDD except "co not count any of the tnree
founa below 0.2 ppm" (FUA, 1978).
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flow in the aischarge line (Stribling, 198u). Flow monitoring anu con-
trol for all boosters could be performed at a single location with this
type of system. The l4-inch Eilicott boosters upon which dredging costs
are based have a discharge ranue of approximately 6000 feet when pumping
at a rate of 40u cubic yards solids per hour. Costing for tne dredging
project includes the outrignt purchase of twelve, l4-inch electric
boosters (1 spare included), as no dredging contractor would have this
equipment capability. Boosters would bLe skid-mounted and set up along
the access roads approximately 1.1 miles apart. A temporary power line
carrying primary voltage (43 kv) would be required along the access road
to provide power for the boosters. A transtormer at cach booster would
be required to step the voltage down to the 4,16U volts required fur the
boosters. Spacing power poles at 175 foot intervals and installing
conventional street lights on each would provide adequate lighting along
the access road for evening shift work and pipeline inspection.

The dredge discharge line should be a polyethylene pipe of 14 inch inside
diameter, such as the Phillips Uriscopipe. This pipe typically comes in
38 foot sections which can be fused together by a thermal pressure system
leased from the manufacturer, forming a permanent joint stronger than thne
pipe itself (Hoover, 1980). Mechanical joints can also be used where
pipe breakdown is required by fusing flanges onto the pipe enas. Perman-
ently fusing three, 38 foot sections together and using flange joints
between the resulting 114 foot lengths would minimize the possibility of
leakage at mechanical joints, while maintaining a reasonable length of
pipe to work with and allowing breakdown of the pipe in the event of
clogging. In addition to permanent jointing, other advantages of poly-
ethylene pipe are lightness, flexibility (can bend over and around land
forms), and positive flotation (buoyant even when filled with water).
Uperating flotation for the pipe is provided by three, 19 foot by 10 inch
diameter floats per 100 feet of aischarge line, allowing for an
overloaded condition of 65 percent solids by weignt (Hoover, 1980).

Unconventional systems should be considered for positioning the dredge.
Advantages may be gained both in turbidity reduction and production rate.
The conventional stepping metnod of swinging alternately on port and
starboard spuds makes a ziy-zag cut along the bottom, with tne cutterhead
passing over some areas twice and leaviny "windrows" of material between
cuts near the outer edyes of the swing (Barnard, 1978). Aside from low-
ering dredge production, contaminated material may be left in the win-
drows where it would be subject to scour and transport downstream. Modi-
fications of the conventional stepping method have been developea to
allow the dredge to swing in successive concentric arcs, eliminating
windrows and excessive duplicate coverage. Among these are the spud
carriage system and the Wagger system (Barnard, 1978).

The conventional approach to channel dredging is to take level cuts.
Since the channel profiles in HSB and IC are irregular, it wou'd be
advantageous to follow the channel contour while dredging, as only the
top 3 feet of sediment is to be removed. This would result in higher
production, as multiple swings in the same position would not be
necessary, and the total volume of sediment dredged would be considerably
reduced. Electronic equipment is available which would allow the drgdge
operator to follow the bottom contour. Motorola's Position Determining
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System Division, Scottsdaie, AL, has indicatea that production of sucn 4

unit is entirely within their capabilities, thoughn it is not presently in
production (Sanders, 1960). The unit would consist of two denth soungers
mountea on a small buvom in front of the dredge, one reaaing Lhe depth of

tne dredye head, and the otner reaging the bottom depth anead of the cut.
A processer would take reaaings trom the two cepth sounders and output it
on a visual agisplay showing the position of tne dredge head with respect

to the bottom. Production of the unit would require approximately .U to

120 days.

An alternative to the electronic sounding system would be to survey the
channel bottcem ana place ygrade stokes where necessary to deternnine the
gepth of cut. The dredye ladaer must De equippea with an inclinometer
which converts tne ladder angle to depth orf the dredge neac below the
surface. Since this methou is expacted to be more time consuniing, less
accurate, ana equally or nore costly; the electronic sounding system is
preferred.

Lesign and costing of the dredging alternative is based on §-10 hour work
shifts, 5 days per week. Intermittant operation such as this is not
desirable froum a proauction standpoint but cannot be avoided due to
unavoldable conflicts with Test ana tvaluation Directorate (T and tU)
operations on Test Kange 1 during normal working hours. If a 24-hour
operation were possible, costs for treatment of return water would
increase by a factor of 2.5, resulting in a cost increase of approxi-
mately 17 million dollar,. &ktven it a 24-tour dreaging were possible, it
is doubtful tnat the increasea production efticiency would offset the
increasea treatment costs.

Kctive dredging in HSB and IC should pe terminatea when flow rises signi-
ficantly above base flow. The point at which seaiment (and LUTR) trans-
port becomes excessive woula be determined by turpidity monitoring down-
stream from the dredge (see dection 3.6j.

3.4.6 Uverbank kemoval

The critical overbank area indicated in Figure I1I-7 consists of approxi-
mately £5 acres ana contains an estimates ¢8 percent of the total DUTK in
the hSB-IC system. its removal will require excdvation and disposal of
121,600 cubic yards of sediment. Tr2 non-critical overpank areas of
keach A contain approximately 1.1 percent of the total DDTR in the RSB-1C
system. In order to remove this 1.1 percent, approximately 35 acres of
overbank will nave to be cleared ana grubbed, and 1,136,80U cubic yaras
ot sedinment will nave to be excavatea. This volume is nearly equal to
that involved in Uredging Pian III.

hemoval of the overbank sediments will require clearing all vegetation
and grubbing all root systems in the overbank areas indicatea on

Figure T1I-7. Disposal of cleared .ncontaminated timber ang debris will
be provided by the contractor nirec for clearing. kemoval of the contam-
inated sediments to a cepth of 3 feet can be accomplished simultaneously
witn grubbing by a small dragline, operating on mats if necessary. Koot
material will te disposed of in a landfill adjacent to the TulMUA

(Figure 1i{-5). Seqgiments from the critical overpank area will be
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nearing may be hela prior to preparation of a fimal EIS. If the conven-
tional LiS process is expected to result in excessive delay of the pro-
Ject, an abbreviated HEPA filing proceduie is allowed for in the CEQ
guidelines an tlIS preparation.

6.4 rlIon Ab WILDLIFE COURDINATIUN ACT UF 1934

Under the Fish and Wildlife Cooraination Act, any rederal agency pro-
posing to control or modify a body of water must first consult with the
U.S. Fish and Wildlite Service, the National Marine Fisheries Service (if
appropriate), ang the appropriate state dgency with administrative con-
trol over wildlife resources in the project area.

8.5 KESUGKCES CUNSEKVATION AND KelOVERY ACT CF 1y76 (PL 94-550)

The Resources Conservation and Kecovery act {RCKA) provices funging ano
technical assistance for developing plans and facilities to recover
resources from waste materials, and tor regqulation ana "cradle to ygrave"
management of hazardous wastes.  Kegulations set forth by RCKA (40U CFK
rarts 2Zo0-26b5) appear in Volume 45, No. Y& of tne Federal Kegister

(May 19, 19sU). Aaditional proposed regulations appear as 4u ChFn

Part ¢5U in the Feaderal Register (43 bk L8Y4b, uecember 1&g, 1978).

Part #61 ot KCka discusses identification and listing ot hazardous
wastes. Two mechanisms are established tor determining whether a parti-
cular waste is classitied as nazardous; one, a set of cnaracteristics of
hazardous wastes, the other a specific list ot nazardous wastes. Contam-
inatea sediments from HSB and 1C are not included under Subpart C ot

rart 2bl, tnaracteristics of Hazardous Wastes, Suppart u, Lists of
Hazardous wastes, is open to interpretation as to whether or not sedi-
ments dredgec from HSB and IL would be incluued. The KLka regulaticns do
not specitically address the disposal of dredged material or other nigh
volume wastes, originally proposed to be classified and regulatec as
“"special wastes" because ot their bulk. In the sfvent tnat the dreqged
segiments are requirec to be regulates unuver Riki, compliance with the
folluwing parts of the reqgulations will have to be acoressed.

Part 202 pertains to standards applicable to gyenerators of hazardous
waste. Most notable in this subpart are tne items requiring shipping
wanifests for transportation of hazardous wastes ang various identitica-
tion codes, container requirements, and labeling practices. Little, if
any, ot Part 2oz appears relevant to on-site handling of DUTK-contamin-
ated sediments.

Standards applicable to transporters of nazardous waste appear in

Part 203. These regulations are consistent with UOT's regulations on
transportation of hazardous waste under tne Hazaroous materials Transpor-
tation Act (Title 49, Subchapter L), discusseu in Section 8.7.

Standards mpplicable to Uwrers and Uperators of Hazaraous Waste Treat-
ment, Storage, ang Uisposal Facilities are aelineated in Part Zo4.
Interii status standards appear in Part 265. The nandling and disposal
of dredged contaminated sediments associateo witn the proposed
alternatives is in general compliance with these preliminary thase |
regulations. Additional regulations under these parts will be
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promulgated in late 1980. If the additional regulations are consistent
with proposed regulations (published in the Federal Register,

43 FR 58446, December 18, 1978), disposal plans associated with the
alternatives should be in general compliance; with the exception of the
following two proposed standards:

1) A facility shall not be located in the 500-year tloodplain
[Item 250.43-1(d)J, and

2) Landfilis must have a liner system as described in
Item 250.45-2(b)(13}.

The conditions which assure the environmental acceptability of the
proposed disposal plans without meeting these two standards are discussed
in Section 2.0 of this Appendix.

8.6 HAZARDOUS MATEKIALS TRANSPURTATION ACT OF 1974

The Hazardous Materials Transportation Act (HMTA) was developed by the
U.S. Uepartment of Transportation to regulate transportation of hazardous
materials. Though DDT is listed in these reqgulations as a hazardous
material (Section 172.1U1), no reference is made to bulk sediments or
dredged material contaminated with DUT. OUT is classified as an ORM-A
waste. Wastes in this c’assification do not reguire shipping papers for
transportation (Section 172.200). Specific items relating to the
transport of DUT wastes under Section 172,101 are that no Vabelling is
required and there is no limit on the net guantity of material
transported in one package. Interpretation of the requlations indicate
that if the contaminated sediments are to be transported, hauling in
covered dump trucks with sealed tailgates will be within these
regulations. The Federal Highway Administration is responsible for
enforcement of the regulations if transport by road is involved, and
should be contacted regarding official interpretation of the
regulations.

8.7 ENDANGERED SPECIES ACT UF 1973

Under this Act, actions authorized or implemented by Federal agencies
must be conducted in such a manner as to conserve threatened or
endangered species. The implementing agency must take action as
necessary to insure that the existence of endangered or threatened
species is not jeopardized and habitat critical to those species is not
destroyed or modified. Additional coordination with the Fish and
Wildlife Service will be necessary regarding requirements of this Act.

8.8 SECTION 26a OF TnE TENNESSEE VALLEY AUTHOURITY ACT

This section of the TVA Act stipulates that plans for construction,
operation, and maintenance of projects within the Tennessee River system
requiring dams or other obstructions affecting navigation, flood control,
or public lands or reservations nust be submitted to and approved by the
Tennessee Valley Authority soard. Upon approval of such plans, deviation
from them is prohibited without approval of appropriate modifications to
the original plans.
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B.Y VARIUUS HISTUKIC ANU ARCHAEULUGICAL UATA PRESEKVAT Luie LAiS

8.Y.1 Antiquities mact of 1906

This Act proviaes tor the preservation of nistoric and prehistoric
remains (antiquities) on Feaeral lanas, estaolishes penalties for
unauthoriczed destruction or appropriation ot federally ownea antiquities,
and estavlisnes a pernit system fur the sciesiitic investigation ot
antiquities un rederal lands.

i 8.Y.¢ Historic Sites Act of 193H

The Secretary of the Interior is adesignated oy this Act as responsible
for estaplisning tne Wational Survey of nistoric Sites ana suildings.
The ACt requires the preservation of properties of "national nistorical
or arcnaeological significance" and the aesignation of national nistoric
lanamarks. Interagency, intergovermiental ana interaisciplinary efforts
for tie preservation of such resources are also authorized by tne mct.

3.9.3 waticnai tlistoric Preservation Act ot l1yvb, as amendea

This Act establisnes a national policy of historic preservation,
including encouragement by providing rmatcning grants for state ang
private efforts. OUf particular importance is Section lUo of tne Act,
which describes certain procedures to oe followed by Federal agencies
inplementing projects which may arfect significant properties. Unaer

Section lUon, the responsible agency is directed to consult with the State
Historic Preservation Uftficer (StiPU) ana, where necessary, the Uffice of i
Archaeology and hHistoric Preservation to determine the significance of 5

the property. unce the significance is uetermined, the agency must
consult with SnPU and the sdvisory Council to develop mitigation plans.

8.9.4 Preservation ot Historic and Archaeological uata Act ofr 1474, !
Amending the keservoir dalvage Act of 1Yuuy ]

The Reservoir Salvage Act providea for the preservation of Kistorical or
archaeological data that may be lost or destroyed by constructicn of
feaerally funded or licensed dams, reservoirs, and attendant facilities.
This Act was amended by the Preservation of Historic and Archaeolugical
Data Act of 1Y74. Unaer this later act, whenever a Fegeral project or
tederally licensed project alters terrain to the extent that significant
historical or arcnaeolougical data is tnredteneo, the Secretary of the
Interior may take whatever actions are necessary to recover and presaerve
the data prior to commencement of the project. The cust of data recovery
are restricted by this act to 1 percent of the totdl project cost. Tnis
1 percent limitation does not apply to identification studies and
planning required by other Acts, nor to mitigation costs otner than data
recovery. If aata recovery costs exceeu tie 1 percent limitatinn, !
supplemental funding or alternative mitigation methods must be developed.
The loss of signiticant data not mitigated by tne 1 percent limitation or
supplemental funding must be aduressed das unavoidable ddverse iwpacts in
tne environmentdl Impact Statenent.
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Tnis ACT requires tnat dahy person removing any archaeocloyical resource
Tocatea on public or Inuian lands must first optain a permit from tne ]
Federal land manager. Lompliance with Sectign 1Ub or tne fational

Historic Preservation Act of 19%ob 1S not required with issuance of a

pernit under tne Archaeological Resources Protection ACt. 1he Act states

that ownership ot archaeviogical resources excavated or removed from

public lands wil. remain the property of tne United States, estabiisies

reyulations governing tne removai of archaeological ressuces, and

specifies civil ang criminal peralties for violators of the Act. !
Provisions are also made for cooperation and coumunicdticrn batween

Federal agencies, private inciviguals, and-protessional archaeologists.

8.10 ALABAMA HAZARDOUS WASTES iMnNAGEMENT ACT OF 1978

keqgulations promulgated pursuanc to this Act incorporate all requirements
of the final ana propoused regulations under KCRA. The Alabama
regulations do impose permit and otner leyal obiigations in addition to
the RCKA requirements. 1f the DUTK-contaminatea seaiments are classifiec
as a hazardous waste oy tne State of alabama, thc nlabaina regulations
will have to be addressed anu these additiunal requirenients met. Most
noteworthy are Sections lZ(e) ana 1¢(t), requiring botn construction ana
operating permits for uisposal facilities; and Section 7, reqguiring
degication of disposal lands for "perpetuity" (2UU years as oppoused to
HCRi's 0-wear post closure care requirement).

A

I —— e ——

8.11  ALABAMA AIK POLLUTION CuNTROL ALT OF 1971

Kegulations of the Alabama Air Pollution Controi Cemmission, oromulgatea
persuant to this Act, regulate open burning ana particulate emissions
such as fugitive dust (Chapters 3 and 4). These regulations should have
minimal impact on proposed alternatives.

8.1¢ OUCCUPATIONAL SAFETY ANL HEALTH ADMINLISIKAIIUN

OSHA Legislation 29 CFR 190U et. seqg. sets limits on worker exposure to
airborne concentrations of UUT and monochlorobenzene. Though airborne 3
concentrations are not expected to be significant during dredging and
construction, this must be verified on-site.

8.13 EXECUTIVE ORDER 11988

P TG -

Executive Order 11988 directs Federal dagencies to "restore and preserve
the natural ana beneticial values servea by floodgplains" in Federal
activities relaved to land management or use, and for Federally funded or f
implemented construction projects. If an agency allows or conducts an
action in a flooaplain, alternatives nust be considered o avoid adverse
impacts and incompateble development in the tfligooplain. Keguldtions were
to be adopted or amended as necessary Dy the agencies to comply with this
oraer,
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8.14 ©EXECUTIVE OkDEK 11990

txecutive Urder 11990 orders each Federal agency to take actions neces-
sary to "minimize the destruction, loss, or degraoation ot wetlands ana
to preserve and enhance the natural and beneticial values of wetlanas” in
Feaeral activities relatea to land management or use, and for feuerally
tungea or implemented construction projects. It a project is to be
implementceo in a wetland, it nust be demonstrated that there is no
practiceable alternative and tnat tne proposeo action mitigates to tne
extent possible, harm Lo the wetlanas. Economic, environmental, and
other relevant tactors may ue considered 1n making tnis juagement.

Y.U PRUPUSEL ALTEKNATIVES

Y.l ALTEKNATIVE A:  NATUKAL KESTURATLON

An obvious alternative is to allow the presently contaminated system to
restore itselt naturally. Key factors in tnis assessment are questions
concerning how long natural restoration would require, whether condi-
tions will gel worse betore they yet better, and whetner the contaiina-
tion will spread over an even widger area.

1t natural restoration is to be successtul, one of three things must
occur. tither (1) the UUTR must be aegraged to harmless compounds,
{2) the LDUTK must become isolated n some manner from the rest of the
environment, or (3) the DUTKR must pe flushed out of the Ssystem.

A review of the literature regarding the persistence of 0'iTk, particu-
larly in the concentrations tound in Huntsville Spring Branch, strongly
indicates the half-life of tnhis material may be on the order of al least
20 to 30 years. At a 20-year half-life, 60 years from now there would
still e 59 tons of DDTR left. wt a 30-year halt-life, 118 tuns would be
left after 60U yearc. titner amount woulo be rar nore than is currently
in the lower reaches of huntsville Spring brancn and Iudian Creek.

Hence, 1t appears that natural degradgation cannct pe expectea to
significantly "clean up" the problem in the toreseeable tuture.

Tne most promising sceiiai'io for success of the natural restoration alter-
native is that the system will somehow isolate tne current contaminated
sediments. The most Vikely mechanism to accomplish this is natural silt-
ing over of contaminated areas. To date, tnis does not appear to ve oc-
curring at a very rapid rate. Currently, about 34 percent ot the UUTK is
in the top 6 inches of seaiment and about 67 percent 1is in the top

1 foot. Hence, natural isolation by silting-in does not appear to have
pbeen too successful in the last 10 years since tne DUTK manutacturing
plant closed.

Anothzr possible mearns by which the natural restaration alternative

might be successful would be for tne DUTK in Huntsville Spring Branch and
indian Creek to be flushed out as dissolved and suspendeo material into
the Tennessee River. Current DUTR dgistributions, plus the best estimates
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t tue rate at .nicn DuTK is mwoving out of lnaidan Creek, sugyest tnat
natural flushing woulg take hundreds of years. tven if this were to
ccur, tne positive ettects on tne nSB-IC system would be more than

orfset oy the negative impacts on the Tennessee Kiver.

Sevir 1l petential negative aspects of the natural restoration alternative
shou u be notecd. Currently, only 0.8 percent of the total DuTK is in
[narvan Creek, yet, this is enough to cause substantial contawination of
some tisn species in tnat area. It left uncontrolled, there appears to
o a signiticant risk that Inavan Creek LUTK levels could be maintained
or even increased trom the vast storenouse of DUTK sitting upstrean.

tven it only iusigniticant amounts of DUTK are moving unger normal fiow
conaitions, tnere is the possioility that infrequent, but large, storn
avents could flush slugs of UDTK out ot Huntsville Spring Branch.

y An even worse possibility is .hat the uUTK has been slowly working its
way out of Huntsville Spring Brancn and continues to do so at a rate
faster than it is degraded downstream. Given sufficient time, enough of
it may enter the Tennessee River to more substantially impact an even
larger system.

E The information available currently is not sufficient to allow oue to

g ageterniine with certainty wnether the DuTK effects are increasing or

E agecreasing. Some trends in birg population estintates suggest a decrease
in effects. Tne Uouble-crested Cormorant population of the Wheeler

| nvational Wildlife KRefuge declined rapidly from over 2,000 (peak popula-
tion number) in 1944 to 50 in 195Y. Bsetween 1963 ana 1977 these biras

' were not cbserved on the Kefuge. Since 1973 tnere has been a gradual

| increase again in these birds to a peak population (greatest number of

biras observed on any day during the pericd) of 21 in 197Y. However, as

noted in Section 5.4 ot this Appendix, this may be due nore to regional

tactors than to local conditions. American Wooacocks, Least Sangpipers,

| and Pectoral Sandpipers are also increasing (Taple I1-8). According to

the peak population records of the Wildlife Refuge (Table II-8&),

Pied-billea Grebes, Sora Rails, and Vultures are making possible conie-

| backs. However, this trend is not definite for these species aue to the

short time span since closure of the UUT plant. Also, population varia-

tions may be more the result of region or areawide conditions.

In contrast to this, there nhas not been a recovery for the following top
carnivores: Barred Owl, Cooper's Hawk, Marsh Hawk, Red-Shouldered Hawk,
and the Sharp-Shinned Hawk. Table II-8 also shows & marked reduction in
Swamp Rabbits after the DUT plant was closed from 3,000 in 1971 and 1972
to 70U ftor the last two years. The reason for this decline is unknown.

The short-term risk of tne natural restoration alternative is relatively
low in that the situation does not appear to be rapidly worsening. Thus,
it would be possible to tentatively select natural restoration plus con-
tinuea monitoring ana status reports. This woula allow additional time

during which more definitive intormation could be gatherea to da2te-mine ‘2
contamination trends. 3
[f the natural restcration alternative is selected, either on a temporary i

or permanent basis, a monitoring program shoula be initiateud to aetermine
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Table I11-11.
Uredging Plan I11)

-

Pescrintion

N e o i et W o > e - —

Unit

No. of
Units

Detarled Cost Estimates for Alterndative 8, Uredging and Uisposal (for

- ——— - -

Unit

Cost %)

Estimated
Cost (3)

T T e Uy B W . - o > s Sy o D T e - > B . W - —— " > At D - >y A = Ay = W - e o e

{a) Tenporary Uredged Material
Disposal Area (TDMUA)

{i1) Construction
~-Site Acquisition
-So0i11 Borings and Testing

-Clearing ana Grubbing

-tExcavation and Grading

-Dike Construction

-Place Fill for Return water
Treatment Area

-48-in. Pipe Weirs, Purchase and
Install

-Seeding, Mulching, Fertilizing,
Exterior Uikes

-Groundwater Monitoring System

-Lteachate Monitoring System
Return Water Treatment System
-karthern Claritication sasin
(tor above system)

-Fencing around Site

-Access Road {1,000 ft. x 40 ft.)

-Reroute Existing Drainage

SUBTUTAL
(ii) Operation

-Keworking Interior Dikes For
Crane Access

-Small Dragline for Trenching?

-Return Water Treatment System
Operating Costs

-Muaq Cat Uredge for Solids Removal
in Clarification Basin3

-Sump and Piping for Oraining,
Snagging & Grubbing Disposal Area

SUBTUTAL
SUBTUTAL TUMDA COST

-20% Contingency
-15% Engineering Design, Supervision
and Agministrative Costs

TUTAL TOMDA COST

1 boring
& tests
acre
cu. yd.
cu. yd.

Cu. yd.
each

acre
1-50 ft. Well
fr.
L.yl

L.S.
At
sq. yd.
ft.

35

187
962,600
812,000

1vv, 000
24

18
8
2,000

19,500
4,450
4,000

14,000

5,500

1,300
600
12

1¢

[$2}

N

39,000
468,000
1,925,00u
2,842,00u

300,000
132,000

23,00v
5,000
24,000
6,000,000

74,000
¢34,000
22,00u
10,000

12,096,000

28,000
473,000

5,055,000
122,000

8,00V
5,686,000
17,784 ,00u
3.577,0u0

2,668,000

24,008, 0U0
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Table I1f-11.

vetailed Cost Estimates €or Alternative o, uredging ang Disposal (for
Uredging Plan Iit) (Continued, Page 2j

NO. of umt Estimated
bescription unit Units Lost (%) Lost (%)
(b) Snagging HSb and IC Channeld 5,704,000
(c) tyaraulic Lredging
I -Access Roads
i -Clearing and Lonstruction sq. yd. 323,000 5 1,615,000
-Adaitional till for Low Areas cu. ya. 50,000 4 20uU,U0U
-Culverts and Installation each 100 850 85,000
-Temporary Power Line and
\ Lighting L.S. - - 1,309,000
l -Power Consumption (electrical) kwh 14,000,000 0.05 700,000
-Uepth Kanging System L.S. --- - 50,000
-sooster Pump Purchase® edach 12 206,000 2,472,000
-bolyethylene 14 IU Lischarge
Piped (including connections) fL. 63,000 27.50 1,733,000
-Floatation for Uischarge Pipe ft. 2,000 10 20,u00
, ~-Mobilization and vemobilization
i (aredue and boosters) L.S. --- --- 80,000
-Lifting Uredge over Lodd ana
Centerline Koad bridges L.S. --- --- 15,000
-Chiannel Dredging and Pumping
to TDMUA LoSo -—— -—— 8,89y,
-Uredge Monitoring LoSe --- --- 7HU,000
SUBTUTAL 17,928,000
-20% tontingency 3,586,000
-15% Engineering Lesign, Supervision
and Administrative Costs 2,684,000
TUTAL HYDRAULIC UREDGING €OSTS 24,203,000
(a) Critical uverbank Kemoval
-Adaitional Sediment Sampling L.S. - --- 100,000
-Clearing and urubbing acre 75 2,500 168,000
-Access Road Construction sg. yd. 2v, 000 5 100,000
-bragline Dredging cu. yd. 364,500 5 1,823,000
-Hauling to TUMDA cu. yd. 364,500 4 1,456,000
i -Placement/Grading in TOMUA cu. vd. 364,500 1 365,000
-Final uraaing of Overbank sq. yd. 3b4,500 1 305,000
~Seediny, Mulching, Fertilizing
of Overbank acre 75 1,300 95,00V
SUBTUTAL 4,497,000
-20% Contingency 899,000
-15% Engineeiing Uesiun, Supervision,
and Administrative Costs 675,000
TUTAL CRITICAL UVERBANK REMOVAL COSTS 6,071,0u

It
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Table IT1I-11. Detailed Cost Estimates for Alternative B, Uredging and Disposal (for

Oredginy Plan III) (Continued, Page 2) [

|
e I

|

}

No. of Unit Estimated
Vescription Unit Units Cost (%) Cost (3)
(e) Uption for Noncritical Uverbank Removal
-Clearing and Grubbing acre 182 2,500 455,000
-Access Road Construction sq. yd. 85,000 5 425,000
-Dragtine Dredging’ cu. yd. 879,500 5 4,398,000
-Hauling to TuMDA cu. yd. 879,500 4 3,518,000
-Placement/trading in TDMDA cu. yd. 879,500 1 880,000
-Final urading of Uverbank sq. yd. 879,500 1 880,000
-Seeding, Mulching, Fertilizing
of Uverbank acre 182 1,300 236,000
SUBTUTAL 10,792,000
-20% Contingency 2,158,000
-15% tnygineering Design. Supervision,
and Administrative Costs 1,619,000
TOTAL 14,569,000
(f) Permarent Disposal of Uredged
Material (closure of TUMUA as
a landfill)
arading, Compacting Uredged
Material sq. yd. 905.100 1985 1,358,C00
-hHauling, Placement, tompaction,
and Grading of Cover Material cu. yd. 603,400 5 3,017,000
-Seeding, Mulching, Fertilizing
Site acre 187 1300 243,000
SUBTUTAL 4,618,000
-20% Contingency 924,000 1
-15% Engineering Uesign, Supervision
and Administrative Costs 693,000
TOTAL PERMANENT DISPOSAL CUSTS 6,235,000
(g) Cultural Resources Activities L.S. oo == __ 805,000
OPERATION AND MAINTEWANWCE COSTS
i (a) TDMDA Long-Term Maintenance yr 30 50,000 1,500,000
(b) Monitoring
-bisposal Site Monitoring yr 30 50,000 1,500,000 v
-Areawide Monitoring yr 4 500,00uU 2,000,000 ,

T ——— pTpe
e
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Table Ill-1l. wvetailed Cost tstimates for Alternative B, Uredging and uisposal (for
Ureaging Plan [i1) (Lontinued, Page 4)

T e

e e ot 5 ]
No. of Unit Estimatea

Description Unit Units Lost (%) Cost (3%)

i TOTAL CUST UF PROJECT (~xcluding noncritical overbank removal) 74,026,000
1 (including noncritical overbank removal) 86,595,000

| Olncludes operation and maintenance costs.
Lump sum,
Includes purchase, operating, ana maintenance costs of 35-ton crane for entire
dewatering period (3 years).
Includes purchase and operation of Fud Cat Dredge rlodel SP810 tor operational life of
treatment plant (5 years).
Includes contingency, engineering, and administrative costs.
Includes integrated central control system.
bCost based on using Phillips Driscopipe.
Assuming overbank is excavated uniformly to a 3.U-ft. depth.
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Taole [ii-1v.

Cost Summary for Alternative b (ms Letaileu in Table [li-11

tor uredging Plan tll)

ureagging Keaches Total tstimatea Cost
Plan Included* (millions ot Dollars)
[ A 30,91
11 Asb 42.53
180, A,b,C 72.03

Estimated Effect of Other Options on Cost bstimate (Millions of Uollarsj):

-Implement Noncritical Overbank Reroval Option + 14.57
-Uelete Carbon Adsorption From Return ilater
Treatment System - 4.le
-Implement Mine Lisposal (Plan Ill) + 19.51
{Including Uisposal of Noncritical Uverpank dediments) + 43.37

[11-94
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annual expenditures for Alternative B are yiven in rigure [[1-20 and
Table [11-13, respectively.

9.3 ALTERNATIVE C: QUT-UF-BASIN DIVEKSIUN ANU REMUVAL UF CONTAMINATEU
SEDIMENTS

9.3.1 Introduction

This alternative combines tne major actions of dredying and disposal and
out-of~basin agiversion of HSB. Diversion of ASE directly to the TR will
greatly reduce fluvial transport of DUTK from HSB and moderate its
transport in IC. The diversion alone will not provide for acequate
mitigation of DDTR contamination in the HSB-IC system. Contaminated
sediments would still be sub;ect to fluvial transport from local runoff
and from flows created by fluctuations in the Wheeler Keservoir pool.
Significant potential for piotransport would also exist if contaminatea
sediments were left exposed.

Removal of contaminated sediments from A8 and IC, coupled with a suit-
able disposal technique, will provide for isolation of the majority of
LUTk. Minimal transport of UUTK would occur during the removal operation
due to thr2 greatly reduced flows afforaed by the aiversion. Two options
are discussed for removal of contaminated sediments, hydraulic dredging
ana dragline dredging. Uragline dredging would require construction of a
containment dike and drainage channel as illustrated in rigure I[[-18.
The turpidity-generating characteristics of tne dragline dredge wnich
excludea it from consideration for dredging flowing reaches of HSE and IC
will not present a problem within the aiked containment area. Removal of
contaminated sediment downstream from the containment area would be by
hydraulic dredging.

§.3.2 Uut-0f-Basin Diversion

The out-of-basin diversion is discussed in Section 4.0 of this Appendix.

9.3.3 Uredging and Disposal

Hydraulic Dredging--The nydraulic dredging of HSB and IC and alternatives
or disposal of contaminated sediments is aiscussea in Section 3.0 of
this Appendix.

Uragline Uredging--

Introduction--Uragline Uredging of HSB upstream from Mile 2.4 (Dodu Road)
may be advantageous if the channel can be dewatered to such an extent
that ponded water is nearly eliminated. Uownstream from H3B Mile 2.4 tne
topography is such that the channel woula probably be inundated several
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Table [lI-13.

tstimated Annual Expenditures - Alternative b

Estimated Annual btxpenaitures (millions of Lullars-19su)

Year After Without ioncritical With noncritical
Start Time Uverbank fitigation Uverbank Mitigation
1 2.9 3.7
2 2.9 3.7
3 9.4 5.1
4 25.5 2¢.7
5 11.1 2¢.4
6 8.2 14.u
7 1.4 1.4
8 5.1 5.1 !
i
9 1.8 15 |
10-13 0.0 J.6
14-26 0.1 0.1
Averaye Annual Expenditure,
1980 Dollars (assuming an
interest rate of 7.125%
and a project life of
50 years): 5.0¢ 6.39

111-97

REVISED APRIL 1984



times during drayline dredging, substantially increasing down-time and
dewatering costs. bewatering requirements for the dragline-dredged
segiments would be greatly reduced or eliminated altogether, as sediments
would be removed at their in situ water content. This would allow
closure of portions of the temporary disposal area soon after termination
of . -“edging and would eliminate some dewatering costs. If the option for
permanent disposal in an off-site abandoned mine is chosen, temporary
disposal of dragline-dredged sediments may be eliminated altogether.
Uragline dredging would also permit visual inspection of the accuracy and
completeness of dredging.

Iinplementation of the dragline option will depend on the hydrologic
conditions present in the HS3 channel once the out-of-basin diversion is
completed. A dewatering dike with sump and pumping station woula heve to
be constructed across HS5 to exclude the effects of the wheeler Keservoir
pool from the channel. The channel slope should allow for drainage of
the majority of water from HSB. Ponded areas would persist in low areas
but can be dewatered as tney are encountered during dredging. >ome
recharge into the channel can be expected from groundwater, though this
should be minimal due to the slow permeability of the fine-grained
sediments. Groundwater and precipitation recharge can be handled by the
pumping station.

Temporary Disposal of Dredged Material--A temporary disposal area will be
selected and designed as described in Section 3.3. Uragline-dredged
sediments will be placed in the two northern-most primary disposal cells
(see Figure III-5). These cells will be sloped toward their cutlets to
facilitate drainage.

Dredyed material will be transported to tne temporary disposal area in
truciks equipped with sealed tailgates. Methods for handling material
within the site will be determined by its water content. It is expected
that wide-tracked, low ground-pressure equipment will be operable on the
dredged material shortly after its placement.

Placement and handling of the the material must be performed in Such a
manner as to assure adequate drainage of precipitation and pore water
from the cells. Placement of wetter materials in relatively thin lifts
may be desirable to increase their rate of dewatering.

If permanent disposal in the TDMDA is cnosen, closure of the dragline
disposal cells may be implemented soon after completion of dragline
dredging. The time at which closure may be implemented will depend on
the water content of the material and meteorological conditions
encountered at the site.

Hydraulic dredging of IC and lower HSB will be implemented concurrently
with dragline dredging of upper HSB, therefore the required capacity of
the return water treatment system will not be changed. A significant
savings may be realized, however, in the shorter duration of the
hydraulic dredging program. Upon completion of hydraulic dredging, only
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Table 11I-14. ULetailed Cost Estimates for Alternative C, Uut-of-Basin Diversion ana

Removal of Contaminated Sediments

—————

No. of Unit Estimated
Description unit Units Cost (%) Cost (%)
(a) Out-of-Basin Liversion Channell
-Clearing and Grubbing acre 429 2,500 1,073,000
-Lhannel Etxcavation
-Bedrock cu. yd. 281,900 50 14,095,000
-Unconsolidated cu. yd. 3,763,100 3.5 13,171,000
-50i11 Borings and Tests 1 boring
& test 44 1,026 45,000
-Land Acquisition acre 235 1,500 353,000
-Utility/Structure Kelocation
or Replacement
Sector A-1
TRelocate TP Outtall, 3600 ft.
of 12-in., CMP ft. 3,600 3u 108,3uu
Sector (-1
“Tnstal T TeUU ft. of 18-in. V(P ft. 1,600 25 40,000
-Relocate Existing Lift Station L.S. --- --- 25,000
-Remove Existing Manholes each 5 5y 2,000
-Install Cast Concrete Mannples each 4 1,500 b,u00
-Sewage Pumping During Construction L.S. --- --- 15,000U
-Relocate and Kepave Entry Late
No. 3 L.S. -——- --- 45,000
-Kelocate 2350 ft. of 12-in., C!
Force Main tt. 2,350 3u 71,000
-Remove bxisting Bridge at
Redstone koad L oSt -- --- 30,000
-Keplace txisting bBridge at
Redstone Road fitde 350 72u 252,000
Sector U-1
-Relocate 2800 ft. of 12~in. CI
Force Main ft. 2,8U0 30 84,00u
Sector E-1
-Remove Existing Highway Bridges LoSc --- --- 60,000
-kemove txisting Railroad Bridge EoS)c --- ~--- 25,000
-Construct Two 2-Lane Concrete
Bridges at Buxton Road ft. 650 720 404,000
-Provide for Water Diversion Uuring
Construction and Relocate 8-in. Cl
Water Main on New Bridge fits 300 50 15,000
-Seeding, Muiching, Fertilizing acre 464 1,300 603,000
SUBTOTAL 30,586,000
(b) McDonald Creek Diversion
-Clearing and Grubbing acre 27 2,500 68,000
-Channel Excavation (assuming
no bedrock is encountered) cu. yd. 61,000 3.5 214,000
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Table 111-14.
Kenioval of Contaminatea

Seaiments (Continuea, Page 2)

Uetailed Cost tstimates tor Alternative ¢, Uut-of-basin iversion ana

no. of unit Estimated
Description Unit Units Cost (%) Cost ()
-5i1 Borings and Tests 1 poring
& tests 8 1,026 5,000
-Seeding, Mulching, Fertilizing acre 22 1,30u 29,0W
SUBTUTAL 319,000
(c) Raising Patton Road
-daul Fill for Roadbed cu. yd. 447,500 4 1,790,000
-Place Fill for Roadbed cu. yd. 447,500 3.5 1,566,000
-S0i1 Borings and Tests 1 boring
& tests 20 1,020 21,000
-Kemove Existing bridye L.S. --- --- 30,000
-Pave Patton Road sq. Yyu. 33,500 ] 2b5,000
-Seeding, riulching, and Fertilizing acre 43 1,306 56,000
-fencing tt. 25,000 12 300,000
-Drainage Structures (box culverts) Lol --- --- 15,000
-Construct New bridge ft. 350 720 252,000
-Raise Telephone Line Manholes L.S. --- --- 5,000
-Kelocate 12,500 ft. of 12-in. Cl
Water Main ft. 12,500 30 375,
-Kelocate bower Lines L.S. --- --- 20,. .
SUBTUTAL 4,698,000
(a) Containment/Diversion Dike
NW of Patton Road
-Clearing and Gruboing acre 11 2,500 28,000
-Channel Excavation cu. yd. 60,000 3.5 210,000
-Haul Fi11 for ULike cu. yd. 90,7WJ 4.0 363,000
-Uike Construction cu. yd. 150,700 3.5 527,000
-S0il borings and Tests 1 ooring
& tests 8 1,025 5,000
-Seeding, Mulching, and Fertilizing acre 15 1,300 20,000
SUBTUTAL 1,156,000
SUBTUTAL FUR GUT-OF-bASIN DIVERSION 36,759,000
-20% Contingency 7,352,000
-15% Engineering Design, Supervisi.n,
and Aaministrative Costs 5,514,000
TOTAL FOK QUT-UF-BASIN DiVE:SIUN 49,625,000
(e) Snagging HSB and IC Channel? 5,704,00v
(f) TOMDA Construction and Uperation3 24,008, 00
(g) Critical Uverbank Removal4 6,071,
(n) Mydraulic uredying of HSB ana
IC Channeld 24,203,000
LUl REVISED APRIL 1984
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Table [11-14. Uetailed Cost Estimates for Alternative C, Uut-of-Basin Diversion and
kemoval of Contaminated Sediments (Continued, Page 3) ’
No. of Umit Estimated
Descriptior Unit Units Cost (%) Cost (%)
(i) Option for Uragline Dredging
Between HSB Wiles 2.4 and 5.6
(1) Dike and Urainage Channel for
| Uiverting Runoff from basins
K and M Around Area to pe
Uragline Dredged
| -Clearing and Grubbing acre 36 2,500 90,00y
-Channel Excavation Ccu. yd. 86,500 3.5 303,000
-Haul Fill for uUike cu. yd. 67,200 4 269,009
-Vike Construction cu. yd. 153,700 3.5 538,000
-S0il Borings and Tests 1 boring
& tests i3 1,020 13,000
-Seeding, Mulching, and Fertilizing acre 31 1,300 40,000
SUBTOTAL 1,253,000
| (i1) Pumping Station
-2 Pumps, 2 MtU Capacity Each
@ 40 ft. Total Head each 2 15,000 30,000
-Pump housing Plus Pads L.S. --- --- 25,000
-Piping, 12 in. ft. 800 25 20,000
-Electrical Costs and Maintenance L.S. --- --- &U,000
-Concrete Sump cu. yd, 32 115 4,000
-Sedimentation Basin (9 Acres
x 5 ft.) cu. yd. 72,000 3.5 ¢54,000
SUBTOTAL 413,000
(iii) vragline Dredging Costs
! -Access Roads (50-ft. width)
- -Clearing and Construction sq. yd. 115,600 5 578,000
-ndgitional Fil11 for Low Areas cu. yd. 7,000 4 28,000
-Culverts and Installation each 25 850 21,000
-bragline Uredging Sediments
-Areas Within boom Reach
of Shore cu. yd. 203,800 5 1,019,000
-Areas Uredged from Mats
or Fill cu. yd. 3u,500 15 458,000
-Hauling Sediments to TUMUA cu. yd. 234,300 4 937,000
SUBTOTAL 3,041,000
{iv) Hydraulic Dredging from ,
HY8 Mile 2.4 to IC Mile 0.0° 16,285,000
{v) Oredge Monitoring 750,000
SUBTOTAL FOR DRAGLINE DREDGING OPTIUN 21,742,000
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Table III-14. Uetailles Cost Estimates for Alternative (, Uut-of-Basin Diversion ang
rRemoval of Cortaminated Sediments (Continued, Page 4)

No. of Unit Estinatea
Description Unit Units Cost (%) Cost (%)
-¢0% Contingency 4,348,000
-15% Engineering Design, Supervision
and Administrative Costs 3,201,000
TUTAL FUR URAGLINE UREDGING UPTIUN 29,352,000 |
(3) Permanent Lisposal’
(Closure of TDMUA as Landti1l) 6,235,000
(k) Cultural Kesources activities L.S. --- --- 1,400,u0u
Uperation and Maintenance Costs
(a) TUMUA Long-Term Maintenance yr 30 50,000 1,500,000
(b) Monitoring ?
-bisposal Site Monitoring yr 30 50,000 1,500,00U
-Areawide fonitoring yr 4 500,000 2,000,000
TUOTAL COST UF PROJECT
-A11 Hydraulic Dredging 12¢,246,000
-With uragline Option 127,395,

1gosts snown are a summary of the projected least-cost alignment, which includes sectors
JA-1, b, C-1, U-1, and E (see Figure II1-17),
Includes contingency and engineering costs.
3TUMDA costs are itemized in Table I111-11, part (a).
4Critical overbank removal costs are summarized in Table I11-14, part (a).
SHydraulic dredging costs are itemized in Table III-11, part (c).
bihis cost is adjusted for deleting the dredying of HSB Miles 2.4 to 5.6.
Permanent disposal costs are itemized in Table 1I1-1i, part (f).
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Tanle 111-15. (ost Summary for Altermative L (As Uetailea in Table [ii-l4)

Uredging Method(s) Total tstimatec tost |
Utilizea (11lions of vollars)
; A1l hyaraulic Ureaging 12c.25 :

Uragline Uredging between
‘ HSB Miles <.4 anu 5.6,
KRemainder Hydraulically |
Uredged 1¢7.40

tstimatea tffect of Other Uptions on Lost tstimate (Miltions o Dollars):

-Implement Noncritical Uverpank kemoval uption in Keach ~ + 14.57
! -Uelete Larpon Adsorption From Return water

Treatiment Syztem - 4.1o
-Implement Mine Disposal + 15.04
(Including Uisposal of Uverbank sediments) + 43.37
-Delete Hydraulic Uredging ot Keach ( - 17.94
-Uelete Hyaraul.c Uredying ot xeaches 3 and C - 26.93

-Use Alternate Sector koutings to heep Uiversion
witnin RSk doundaries (i.e., Sectors m-Z, B,
C-¢, U-2, ana t) +  B.22*

*{ost increase is attributea almost entirely to tne increased amount of
bedrock expected to be encountered during excavation cf the channel,

I{1-1V0
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Table Ii1l-16. Ctstimatea Annual txpenditures - Alternative C

Estimated Annual txpenditures (millions of Uollars-1660)

Year Atter without Noncritical With honcriticai
Start Time Uverbank Mitigation Uverbank Mitigation
1 5.2 b.
2 5.2 b.
3 13.8 12.
4 19.8 17.¢
5 38.1 38.
) 13.1 13.
7 9.7 16.:
8 4.8 4,
9 3.2 3.
10 4.4 4.
1i-14 0.6 0.0
15-40 0.1 u.
Average Annual Expenditure,
1980 Uollars (assuming an
interest rate of 7.125%
and a project life of
50 years): 8.71 1u.
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Table [11-17. vuvetailea Cost Estimates for Alternative b, Uut-of-pasin Diversion ang
Containment of Contaminated Sediments

ho. of unit Estimateg
vescripticn Unit Units cost (%) Cost (3)
(a) Uut-of-pasin Diversionl 49,625,000
(o) vike ana Urainage Channel
for Diverting Runoff from
asins « and M Around
Containment Areal 1,692,000
(c) Smagging HSB and IC Channel 5,704,000
(d) TOMUA Construction and
Uperating Costs3 24,008,000
(e) hydraulic Dredging trom HSB
Mile 2.4 to IC tile u.0% 22,995,000
(f) Pumping Station3 558,000
{a) Covering channel Sedinents
Between HSB iiles 2.4 and 5.b
-Hauling Cover Material from
Qut-of-Basin Uiversion cu. yd. 228,000 4 912,00l
-Placement and Compaction of
‘over Material cJ. yd. 228,000 3.5 798,00u
.eeding, Mulching, Fertilizing
Cover acre 47 1,300 61,000
SUBTOTAL 1,771,000
-20% Lontingency 354,000
-15% Engineering Uesign, Supervision
and Auministrative Costs ¢66,00U
TOTAL 2,391,000
(h) Covering Critical Overbank
-hdaitignal Sediment Sampling 157557 --- --- 100,000
-Cleariny and uruboing acre 75 2,500 188,000
-Hauling Cover Material Trom
Uut-of-tasin Liversion cu. yd. 243,300 4 973,0u0
-Placement and Compaction of
Lover Material cu. yd. 243,300 385 852,000
-Seeding, wulching, Fertilizing
Cover acre 75 1,30u 98, 0uu
SUBTOTAL 2,211,000
-20% Contingency 442,000
-15% Engineering Design, Supervision,
and Administrative Losts 332,000
TUTAL 2,985,000
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Tavle lil-17.
Lontainmen®,

Uetaileg Cost tstimates for Alternative D, uut-ot-Basin Diversion ana
of Lontaminatea Sediments (Continuea, Fage 2)

no. of Unit kEstimatea
Description urit uUnits Cust (%) Cost {(3%)
(1) Uption For honcritical Uverbank Covering
~Llearing and Grubbing acre 182 2,5u0 455,00U
-rauling Cover Material From
Qut-of-Basin viversion . cu. yd. 587,000 4 2,348,000
-Placement anag Compaction of
Cover Material cu. yd. 567,000 3.5 2,055,000
-Seeding, Mulcning, Fertilizing
Cover acre 162 1,300 237,000
SUBTOTAL 5,045,000
-¢U% Contingency 1,019,006V
-15% Engineering Uesign, Supervision,
and Administrative Costs 764,000
TOTAL 6,878,000V
(Jj) Permanent D1sposa1 ot Dredged
Material in TUrUAD 6,235,000
{k) Cultural Resources Activities L.S. --- --- 1,400,000
Uperation and Maintenance (osts
(a) TuMbA Long-lerm Maintenance yr 3U 50,000 1,50y,
(b) Pumping Station Long-Term
Maintenance yr 30 10,000 300,000
(c) Monitoring '
-Disposai Site Monitoring yr 3V 50,000 1,500,0uv
-Areawige tionitoring yr 4 500,000 2,000,000
TUTAL LOST OF PROJECT
(Excluding Overbank Covering CUption) 122,893,000
(Including Uverbank Covering Uption) 129,771,000

*See Table I1[-14, parts (a)=(d) for itemized costs of out-of-basin diversion.

¢[temized costs appear in Table I11-14, part (i)(i).
3TUMDA costs are itemized in Table I11-11, part (a).
4Total nydraulic dredging costs are summarized in Table III-11, part (c).
Ssee Table I11-14, part (i)(11) for itemized pumping station costs.

bSee Table II1-11,
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part (f) for itemized permanent disposal costs.
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Table 111-18. (ost Sunmary for Alternative U (As Uetailea in Table 111-17)

Areal Extent of

S

Cover Anpplication Total Estimated Cost

Within Containment (Mi11100s ot Uollars)
Lhannel ang (ritical Uverbank Unly lez.89
Channel ang Entire Uverbank 129.77

tstimated Lfrect of Uther Uptions on Cost Estimate {Millions of Dollars):

-Uelete Carbon Adsorption From keturn Water

Treatment Systeni - 4.1b
-Implemert Mine uirsposal + 1z.40
-uelete Hydraulic ureaging of kKeach C - 29.0¢
-Uelete Hydraulic OUredging of keaches & and C - 4y.63
-Use Alternate Sector koutings to Keep Diversion Witnin

KSA Bounaaries + 8.¢¢

3

|

r

3

I
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Table I111-19. tstimated Arinual Expenditures - Alternative U |

{
Estimated annual Expenditures (Millions of Uollars-1980
Year After Without honcritical With Noncritica!
Start Time Overbank Mitigation Uverbank Mitigation
1 5.3 5.7
2 513 5.7
3 11.7 il.9
4 7 17.7 f
5 44.6 42.1 j
6 14.8 17.7
7 9.5 15.0
8 1.4 1.4
9 5.1 5.1
10 2.5 2.5
11-14 0.6 U.b
15-40 0.1 0.1
Average Annual Expenditure,
1980 Dollars {assuming an
interest rate of 7.125%
and a project life of :
56 years): 8.90 9.55 !
]
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giscussed in Section 9.3.3 of this Appendix. Under this alternative,
drayline areaging will be limited to the containes area of the Hdb
channel between hsy iMiles 4.U and 5.6 and will involve removal of
approximateiy 82,500 cubic yards of channel sediments.

9.5.4 Cost Estimates for Alternative E

Mitigation of Cultural Resources Impact--An intensive survey of the
iripacted areva would take 3 weeks and cost about $15,000. Subsequent
testing ana excavation of Natiomal Kegister eligible sites could take
place in eight months at a cost of about $350,000.

An intensive cultural resources survey shoula be made of tne dreaginy
impact area over an 8-week perioc at a cost of $80,uuU. The cost and
time tor testing and full scale excavation by proressional archaeologists
ot all National Register eligible properties within this area that cannot
be avoiaged cannot be accurately estimateg at this time. At least

15 nontns ana $725,00U will be involvea.

Total cultural resources activities assoriated with this alternative will
take approximately 2.5 years at an estmiated cost of $1,17uU,000.

General--Uetailea cost estimates for Alternative t£ are given pelow in
Table Il1[-20. Costs of dredging all contaminated sediments in Keaches A,
B, and C (Figure [I[-7) are includea in the pruject estimate, A cost
summary and the estimatea eftect of various options on the total cost are
given in Table [I[-21. The time base tor all cost estimates is 1Y&u.

The estimated implementation timeline and arnnual expenditures for
Alternative t are given in Figure [I[-23 and Table I[[-2¢, respectively.

Y.6 ALTERNATIVE F: WITHIw-8ASIn DIVERSIGN AND CUNTAINMERT UF
CONTAMINATED SEUIMENTS

9.6.1 Introduction

Alternative F utilizes the within-basin diversion, containment techniques
to mitigate contamination upstream of HSB Mile 3.9, ana dreaging and
disposal of contaminated sediments below Mile 3.Y. 1Tne within-basin
diversion shown in Figure III-15 will divert flow in HSb arounc the area
of heaviest DUTK contamination and contain that area within a dike.
Furtner action will be necessary to prevent the transport of DUTk when
local runoff is pumped over the dike, and to reduce the potential for
bioavailability anag biotransport of exposed DUTK.

Application of an inert cover to channel sediments will provide an ac-
ceptable degree of long-term, in-place isolation of LUTR. The contain-
ment dike will facilitate dewatering the channel prior to cover applica-
tion and will help assure the long-term integrity ot the cover by isolat-
ing it from most surtace water flow. tontamination in H3B aownstream
from the diversion and in IC will be removea by hydraulic aredging. An
option is also presented to use the aiked contaminated area for disposal
ot dreageu seaiments.

I11-115
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Table 111-20. Uetailed Cost Estimates for Alternative t, witnin-sasin Uiversion and
Removal of Contaminated Sediments

No. of Unit Estimatea
vescription Unit Units Cost (%) Cost (9$)
1
{a) Within-basin viversion and
Diversion/Containiment Dike
-Clearing and Grubbing acre 222 2,500 555,000
-Channel Excavation (assuming
no bedrock is encountered)1 cu. yd. 1,177,500 3.5 4,121,000
-Soil Borings and Tests 1 boring
& tests 45 1,026 46,000
-Haul Fi1l From Borrow Area for R
Dike Construction cu. yd. 559,000 4 2,236,000
-Dike Construction cv. yd. 1,736,500 3.5 0,078,000
-Channel for Uraining Basin k cu. yd. 52,800 3.5 155,000
-Relocate 30-in. KC Industrial
Water Main ' : ft. 750 8 6,000
-Pumping Station? L.S. --- 020,000
-Seeding, Mulching, Fertilizing
Channel and Dike acre 241 1,300 313,000
SUBTOTAL 13,540,000
-20% Contingency 2,708,uuU
-15% Engineering, Legal, and
Administrative Costs 2,031,0 .
TOTAL FOR YWITHIN-BASIN OIVERSIUN 18,279,000
(b) Snagginy HSB and 1C Channels 5,704,000
{c) TOMUA Construction and 0peration3 ¢4,008,000
(a) Critical Uverbank Removal4 b,U71,000
(e) Hydraulic bredging of HSB and IC
Channel s° 24,203,000
(f) option for bragline Dredging
Between HSB Miles 4.0 and 5.6
(i) bragline Uredging Costs
-Access Koad
-Clearing and Construction sq. yd. 44,000 5 220,000
-Culverts and Installation each 12 850 10,000
-Oragline UDredging Sediments
-Areas within Boom Keach of Shore cu. yd. 82,500 5 413,000
-Areas Uredged from Mats or Fill cu. yd. 0 15 0
-Hauling Sediments to TOMUA cu. yd. 82,500 4 330,000
-Hyaraulic Uredging from HSE Mile
4.0 to IC Wile 0.06 16,769,000
-Uredge Monitoriny L.S. --- --- 750.000
SUBTOTAL 18,49¢,
-20% Contingency - 3,928,000
-15% tngineering Uesign, Supervision,
and Aaministrative Costs 2,774,0uy
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Table [I1-20. Uetailed Cost Estimates for Alternative £, Within-pdsin Diversion anc
Renoval of Contaminateu Sediuments (Continued, Page 2)

No. of Unit fotimateg

Description Unit Units cost (») EosiEh (57

TOTHL FUK DKAGLINE UKEDGING 24,904,000

(g) Fermanent Uisposal in TUMUA/ 0,235, 00U

(n} Cultural Resources Activities Lo --- --- 1,170,004
Uperation and maintenance Losts

(a) TUMVA Long-Term Maintenance yr 30 50,LW 1,500,uwv
(b) Monitoring '

-bisposal Site Monitoring yr 3u 50,000 1,50u,0uU

-Areawide Monitoring yr 4 500,U00 2,000,000

TUTAL COST UF PRUJECT
-A1l Hyaraulic Uredying %0,67u,000
-With Uragline ‘iption v1,431,000

{Suitab]e excavateo channel material to be used for dike construction.
Zsee Table I1I-14, part (i)(ii) tfor itemized costs of pumping Station.

3see Table 111-11, part (a) for itemizea TUMDA costs.
4yee Table 11!-11, part (d) for itemized critical overbank removal costs.

“See Table 11I-11, part (c) for itemized hydraulic dredging costs.

Cost shown is adjusted for opeleting the dredging of HSB miles 4.0 to 5.6.

/See Table 1il-11, part (e) for itemized permanent adisposal costs.

i i, g 15 i
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Table I1l-21. Cost Summary for Alternative t (As Uetailea in

Table I11-¢u)

Dredging Metnod(s) Total Estimated Cost
Utilized (Millions of uvollars)
A1l Hyaraulic Uredging 90.07
Uragline Dredginy between
HSb Miles 2.4 and 5.0,
Remainder Hydraulically
Oreagea 91.43

Estimated Effect of Otner Uptions 2n Cost tstimate (Fillions

of Uollars):

-Impiement Noncritical Uverbank kewoval Option in Keach A+
-Uelete Carpon Adsorption From Keturn Water
Treatment System
-Implement Mine Disposal
(Including Disposal of Qverbank Sediments)
-belete Hydraulic Dredging of Keach C
-bDelete Hydraulic Dredging ot Keaches B and C

!+ 4+

14.57

4,16
16.51
43.37
29.02
40.63
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Table [I11-2¢. tstimatea Annual Expenditures - Alternative E

Estimated Annual Expenditures (Millions of Dollars-1980)

Year After Without Noncritical With noncritical
Start Time Uverbank Mitigation Overbank Mitigation
1 3.8 4.6
2 3.8 4.6
3 b.1 6.5
4 13.1 13.1
5 3i.0 26.6
6 Ll 12.5
7 8.3 1u.¢
] 1.4 1.4
9 520 5.1
10 1.8 1.8
11-14 0.6 0.6
15-40 G 0.1

Average Annual Expenditure,

1980 Uollars (assuming an

interest rate of 7.125%

and a project life of

50 years): 6.39 7.76
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9.6.2 Mithin-Basin Diversion

The within-basin diversion is discussed in Section 5.0 of this Appengix.

. . . (
9.6.3 Containment Metnods

In-Place Cover--Containment by covering contaminated segiments with
excavated clay is discussed in Section 6.3.7 of this Appenaix.

Use of the Lontainment area as a Disposal Site ror Uredyed mvaterial--une
agoitional containment option 1S proposed, that of using the dikea
containment area of the witnin-basin diversion as a disposal area for
seaiments dredgea from the HSb and IC. This approach would cover highly
contaminated seaiments in tne containment area witn less contaminated
dredged sediments. Though this alternative could theoretically be
implementea with either the out-of-basin or the within-basin diversions,
it is proposed only for the latter due to the much lower construction
costs of that diversion. |

Uisposal site desiygn, construction, and operation would be similar to
that described rtor the TOMUA 1n Section 3.3, with the site plan

modification illustrated in figure l11-20. Clearing and grubbing of the ?
entire area within the containment aike would be required. The primary ]
containment area must be graded to an approximately level elevation, 1

filling the HSB channel in the process. Contaminated material grubbed
from the site would be disposed of in the low (formerly ponded) area
adjacent to the primary containment area (see Figure II[-24). Water from
the grubbing disposal area would be discharged to the equalization basin
by pump.

The total primary containment area is approximately 14U acres and will
acconmodate the unconsolidated dredgea material at an average final deptn
of 8.1 feet. Ubesiyn crest elevation of the interior dikes allows for a
minimum ¢ feet pondea depth and 2 feet of freeboard. Approximately
228,000 cubic yards of fill will be requirea for construction of interior
dikes, amounting to 1.0 feet of cut over the primary containment area.

e Use of this material for dike construction is dependent on the degree of

T"Tagéwatering tnat can be attained at the site prior to construction. It

the water table within the containment area remains too high to allow the
1 foot cut, off-site borrow material will have to be used for interior
dike construction.

Dewatering of the dredged material and final closure of the site would be
conducted in the same manner as described in Sections 3.4 and 3.5 of tnis
Appendix, respectively.

Implementation of this alternative will pe dependent on the availability
of suitable fill for construction of the dikes ang the final cover,
Borrow requirements are approximately as follows:

Uiversion/Containment Dike 606,000 cubic yards
(This yardage is required in
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excess of that excavated from tne
within pasin giversion channel.)

Interior Uikes 228,000 cubic yaros
Final Cover 1,050,000 cubic yards
TUTAL 1,804,000 cuvic yaras

The total cost of this alternative will be reducec consigeranly ir as
much of this fili as possible can be cbLtai ed on-sit2. Tne ¢losest
apparent source of borrow is the hills to .he nortn of the containment
area. This area is reported to contain former sanitary landfills and
other KSA wastes, and has been tentatively designated by RSA officials as
unsuitable for borrow. txtensive boring of this area is recommended in
orger to reconsider its suitaviiity for borrow material. The cost
savings of using on-site fill as opposed to truck-hauling fill from
oft-site is estimated to be five million dollars.

Y.6.4 DUredging and Disposal

Contaminated sediments downstrean from the containment area would be
nydraulically dredged as discussed in Section 3.0.

9.6.5 Cost Estimates for Alternative F

Mitigation of Cultural Kesources Impact--An intensive survey of the
impacted area by tne aiversion woul!u take 3 weeks and cost about

$i5,00u. Subsequent testing and excavation of wational kegister eligible
sites could take place in eight months at a cost of about $350,U0U.

An intensive cultural resources survey should be maoce of the dreaging
inipact area over an 8 week period at a cost of $8U,U0U. The cost arc
time for testing ang full scale excavation by professional archaeologists
of all National Register eligible properties within this area that cainnot
be avoideo cannot be accurately estimateg at this time. At least

15 months and $725,000 will be involved.

Total cultural resources activities associated with this alternative will
take approximately 2.5 years at an estimated cost of $1,170,000.

General--Detailea cost estimates for Alternative F are shown below in
Table 111-23. Costs of dredging all contaminated sediments in Reaches A,
B, and C (Figure 1I1-7) are includes in the estimate. Estimates for the
option to use the within-basin diversion containment area as a dredged
material gisposal site are pased on using off-site borrow for
construction and closure of the facility. A cost summary and the
estimated effect of various options on the total cost are given in

Table 111-24. The time base for all cost estimates is 19580. The
estimated implementation timeline and annual expenditures for Alternative
F are given in rigure I11-25, ana Tabie I11-25, respectively.
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Tavble 111-23.

Containment of Contaminated Sediments

betailed Cost tstimates for Alternative F, Within-basin biversion ang

—

I11-125

o X o

No. of Unit kstimateq J
bescription Unit Units Cost (9) tost (%) i
{1) Using TuhUA
(a) Witnin-Basin uviversion and.
Diversion/Containment Uikel 18,279,000
(b) Snmagging HSB anu IC (nannels 5,704,000
(c) TUMDA Construction ang
uUperation¢ 24,008,000
(d) Hydraulic Uredging from HSB
mile 4.0 to 1C Mile .03 ¢3,648,000
(e) tovering Channel Sediments
between HSB Miles 4.0 and 5.6
-hauling Cover vaterial from
Uut-of-Basin Uiversion Cu. ya. 94,500 4 378,000 ]
-Placement and Compaction of Cover
Materi al Cu. yd. 94,500 3.5 331,000 |
-Seeding, Mulching, Fertilizing '
Cover acre 17 50 22,00u
SUBTUTAL 731,000
-U% Contingency 146,000
-15% Engineering, Legal, ana
Administrative Costs 110,0uu
TUTAL 987,000
(t) Covering of Critical Uverbank4 2,965,000 !
(g) uUption for loncritical Overpank Covering 1
-Llearing and Grubbing acre 1oV 2,500 400,000 !
-Hauling Cover Material from Off-Site
Borrow Area Cu. yG. 5lb,300L 4 2,065,uCy
-Placement and Compaction of Cover
Material Cu. yd. 516,300 895 1,807,000
-Seeding, Mulching, Fertilizing
Cover acre 160 1,300 208,00vu
SUBTUTAL 4,480,000
-2U% Contingency 846,000
-15% Engineering, Legal, ana
- _puministrative Costs 672,000
TUTAL 0’0489000
(9) Permanent Uisposal of Dredged
Material in TUMUAS 6,235,000
SUBTOTAL USING TDMDA
(Excluding Overbank Covering Uption) 79,946,000
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Table I1i-23. Detailed Cost Estimates for Alternative F, Within-Basin Jiversion and
Containment of Contaminated Sediments (Continued, Page 2)

Uescription

- ———- — —— ——

— - . - ————

(2) uption to Use Containment Area
for Oreuged Material Disposal

(a) Within-gasin Liversion ang
Diversion/Containment Uike

(b) Snagging HSB and IC Channels
(Adjusted for Deleting HSB Miles
4,.0-5.6)

(c) bDisposal Site Preparation

-Site Acquisition
-50i1 Borings and Testing

-Clearing and Grubbing

-Site Grading

-Uike Lonstruction (Assuming
Off-Site Borrow Material)
-48-in. Pipe Weirs, Purchase
and Install

-Groundwater Monitoring System
-Leachate Monitoring System
-Return Water Treatment System
-tarthern Clarification Basin
(For Abc.e System)

-Fencing

-Access Road (1800 ft. x 4U ft.)

SUBTOTAL

-20% Contingency
-15% Engineering Design, Supervision
and Administrative Costs

TOTAL
(d) Lisposal Site Operating Cost

(e) Hydraulic Dredging6 HSB Mile
4.0 to IC Mile 0.0

(f) bisposal Site Closure

-Grading, Compacting Site
-Hauling, Placement, Compaction,
and Grading of Cover Material
-Seeding, Mulching, Fertilizing

Site

SUBTOTAL

PRI s o= =~ = = e R e S ORI w_____m_J‘

No. of Unit Estimated i1
Unit Units Cost (%) Cost (9§) (1
|
S == . 0
1 boring
& tests 20 1,020 21,000
acre 325 2,500 813,000
sq. yd. 1,573,000 1.5 2,360,000 |
cu. yd. 223,000 7.5 1,673,000
each 1% 5,500 83,000
1 50-ft. Well 8 (V] 5™
it 2,000 12 24, |
L.S. --- --- 6,000,00
L.S. --- -—- 74,000
ft. 10,400 12 197,000
sq. yd. 8,000 5 40,000
11,29u,000
2,258,000 ]
1,694,000
15,242,000
7,676,000 1
21,019,000
sq. yd. 1,573,000 1.5 2,360,000
cu. yd. 1,048,700 7.5 7,865,000
acre 32 1,300 423,000 i
10,648.0 1 i
'
- !
. |
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Table 111-23.
Containment of Contaminared Sediments (Continued, Page 3)

T - - - - - B A —— . > s L. S e W = W W W e =0 = W S G e T W Am A W om G R D AD B W ML e W D e o D - - > —

No. of Unit
Description Unit Units Cost (%)
-20% Contingency
-15% Engineering Uesign, Supervision,
and Administrative Costs
TUTAL
SUBTUTAL FOR ALTERNATIVE Tu Ust CONTAINMENT AREA AS DISPUSAL SITE
(3) Cultural Resources Activities L.S.
Operation and Maintenance Losts
(a) Disposal Site Long-Term
Maintenance Costs yr 30 50,000
(b) Pumping Station Long-Term
Maintenance Costs yr 30 10,009
(c) Monitoring
-Disposal Site Monitoring yr 30 50,000
-AreaWide Monitoring yr 4 504,000

TUTAL COST USING TOMUA

(Excluding Noncritical Overbank tovering Uption)

(Including Noncritical Uverbank Covering Option)

TUTAL COST FOR ALTEKNATIVE USING CONTALNMENT AREA AS DISPOSAL SITE

— - - -

111-20,
[il-11,
[1[-11,

- - - = —-—— - -

itemized within-basin diversion costs.
itemizea TUMDA costs.

itemized hydraulic dredging costs.
itemized critical overbank covering costs.
itemized permanent disposal costs.

lyee Table

25ee Table

3see Table

45ee Table 111-17, part (h) for

5see Table [li-11, part (f) for

6This dredging cost is adjusted
distance required.

part (
part (a) for
part (

(

[1i-1e¢7

e e eyt s ot i

Uetailed Cost Estimates for Alternative F, Witnin-Basin Diversion and

Estimated
Cost ($)

-———— s ——— ————

2,130,000

1,597,000
14,375,000
81,885,000

1,170,000

1,500,000

300,000

1,500,000
2,000,000

88,316,00u
94, 364,000
88, 355,000

———a men
——— = = —

- — -

for deleting 2 booster pumps and the shorter pumping




Table I11-24. Cost Summiary for Alternative t (As Detailed in Tapble 111-23)

Uisposal Option Total Estimatea Cost
Implemented (Mi1Yions of Uollars)
Use TUIDA
-excluaing overbank covering option 84,32
-including overbank covering optioun 94.3b
Use Within-Basin viversion Lontainment
Area for bisposal Area 88.36

kstimateu tfrect of Uther Uptions on Cost tEstimate (Millions of Uollars):

-Uelete Larbon Aasorption From Return Water

Treatment System - 4.1o
-Implement Mine Uisposal + la.00
-Uelete Hydraulic Ureaging of Reach C - 29.U¢
-UDelete Hydrauiic ureuging of Reaches B and C - 4U.03

-Ubtain Un-Site Borrow Faterial tor Construction and
Closure ot Uisposal Site Within the Lontainment Area
(Suitability must be determined) - 509

[11-128
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Table 111-25. tEstimatea Annual Expenditures - Alternative

tstimated Annual Expenditures Using witnin-Basin
Diversion Containment Area for Disposdl H

Stert Time (Millions ot Doilars-198Y)
1 3.9
2 3.9
3 5.9
4 8.3
5 8.2
b 20.2
7 12.0
8 5145
9 3.5
10 11.0
11-14 U.b
15-40 u.1

Average Annual Expenditure,

1960 bollars (assuming an

interest rate of 7.125%

and a project lite of

50 years): 6.50
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10.0 CULTUKAL RESUUKCES IMPACTS

10.1 INTRUUDUCTION

Five alternative techniques are under consideration for containment or
isolation of UDTK containments in huntsville Spring branch (HSB). These
engineering alternatives can be simplifiea with respect to cultural
resources. Archaeological sites by their nature occupy specific
geographic areas, and the methoa whereby they are disturbed be it by
dredye or dragline, does not matter. . What does matter is the fact of the
agisruption. In considering the alternativés four-geegraphic_areac undore

consideration can be evalua‘ed separately. The alternatives can then be
evaluated according to the geographic areas that will be altered. The
four geographic areas are:

1) Contaminated Area (Areas A-C, Figure I[11-26)

Included in this area are the channel beds of Huntsville Spring Branch
below Patton Road and Indian Creek to the Tennessee River, including
access roads which will be constructed aiong the south and east banks of
Indian Creek and HSB.

2) Dredged Material Disposal Sites (Areas D and E, Fiygure [11-2b)

The primary dredge mate:rial disposal site (TUMUA) is located on the
Arsenal northeast of tne junction of Redstone Koad and Patton Road. The
alternate disposal site (Alt TOMUA) is located just east of the Arsenal
and soutn of Redstone koad.

3) Out-of-Basin bLiversion Corridor (Area F, Figure 111-26)

The channel will t: located along the Kedstone Arsenal boundary diverting
the flow of HMcDonald Creek and Huntsville Spring Branch to the Tennessee
River,

4) Within Basin Diversion Channel and Containment Uike (Figure II11-27)

This consists of a bypass channel around the area of maximum
contamination. It will divert the flow of HSB from a point northeast of
Wheeler Lake and channel it south and west of the contaminated zone. In
order to prevent contaminated waters from flowing into the bypass channel
during periods of flooding, a containment dike will be constructed along
the north side of the channel.

10.2 IMPACTS BY ARtA

In the following paragraphs, we shall consider tne potential for cultural
resources being located in each of the proposed impact areas, and will
then attempt to evaluate the alternatives in terms of their probable
effect on archaeological sites.
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a former lake will almost surely be found to contain archaeological
sites.

10.2.3 (Qut-of-Basin Uiversion Lorridor (Area F, Figure [11-26)

This requires the construction of a diversion cnannel to divert the tlow
ot HSb and Mclonala (reek away from the contaminatea area (Figure 111-29,
krea F). This channel will intersect HSS ang ricuonald (reek at some
point above the contdminated area and will divert them into the Tennessee
River,

Ten archaeological sites fall diwrectly within tne impact zone. These
include sites 1Ma33/50, 133, 140, 141, 157, 158, 154, lbez, 204, and ¢18.
An additional tour sites lie in close proximity to the corridor, and dn;
of them might be aftected oy construction. These sites include lMalbe,
156, 21u, and 217.

Two sets ot alternate dlignments nave been suggested. In tne northern
portion of the route, tne diversion canal wuulg intersect tdSE at one of
two locations. The easternmost alternative woula impact site 1Maz0y,
while the western alternative would impact site lMale<. These are the
only two Sites known to occur along these alternate sections.

To the south, two alternate routes have been suggesteu for bypassing

Late 3 at the Arsenal. The easternmost alternative would pass very close
to site 1leriazly, while the westernmost route would pass rather close to
site 1lmalbe.

Sites likely to be impacted which appear to be of National Register
signiticance include 1Ma33/50, 133, 140, 141, 1lbo, 162, 20Y, and 210.

The proposed route passes through ootn tre Upland and the Tennessee River
Settlement [ones. Consequently, this route has the maximum potential for
impacting every type of site known in the region. Also, it is probable
that additional, unaiscovered Sites lie within the corridor. This is
especially true of areas adjacent to the boundary Canal where zones of
Etowah silt loam or silty clay loan, Decatur/Cumberland silty clay loam,
Captine and Capshaw loams, Uoltewan silty loam, Linside siity clay loam,
or Allen fine sandy loam occur near the water. In the northern portion
of the corridor, additional limited activity sites and possibly base canip
sites mdy occur. It is, however, unlikely that adaitional mound or mound
and village sites lie alung this corridor within cthe Tennessee Kiver
Settlement /lone.

More known archaeolugical sites occur within this proposed corrigor than
along any of the other alternate alignments. However, more
archaeological survey work has been completed in this area, and it is a
reasonable assumption that the greater nuaper of sites 1S a airect
consequence of the intensity of the survey. Additional investigations
along uther alignments would doubtless even tne numbers.
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In conjunction with the out-of-basin aiversion route there will be tlocc
control levees (Figure 11l-2b, Area u) wnicn will prevent storm rlgws
from utilizing tne uriginal, contaminated stream bed. [nis pruposeq ared
encompasses two known archaeological sites, IMalz7 ang 134. Construction
of the uiversion dike and tne elevation of Patton Koag will aftect 4
sizeable area in the vicinity of HMB, it is quite possiple tnat
adai1tional, undiscovered archaeological sites will pe impacted. Tnere is
a hign probability tor botn limites activity sites and Archaic or
wWoodland base camps in tne construction zone.

10.2.4 within-Basin Diversion Channel and Containment Uike
(Figure 111-27;

Unly one presently known arcrhaeological site lies in tne zone of
potential impact (Figure 11[-27). This site is lhal34, a small litnic
scatter. Although site lmal34 is tne only site located airectly within
tne proposed constructicn zone, six sites exist in close proxinity to the
channel or containiment aike. Tnese sites inclucge lMalu7, 11&, 119, 1lzu,
121, and 127.

The within-basin agiversion aspeci would impact a signiticantly smaller
area than tne out-ot-basin diversion. Accordingly, the potential for
damage to archaeological sites is reduced. nlso, tnis plan would not
impact sites in the Tennessee River Settlement Zone, tnus reducing the
probability of encountering large mound or mound and viliage sites ot the
Woougland and Mississippian periogs.

Most orf tne sites presently known in tnis corridor consist of:

1) limited activity sites, and 2) historic house sites locatea on ridge
crests or lower ridge slopes along the northwest shore ot HSE. rHowever,
numerous zones of ttowah silt loam or silty clay loam, Laptina and
Capshaw silt loams, and Uoltewah silt loan occur near the south shore of
HS . These locales are highly prooavle locatigns for prenistoric sites,
particularly Arcnailc and wWoodland himited activity sites, and possibly
base camp sites. Uther likely locations for prehistoric sites are
elevatea knaolls of Etowan and Captina-Capshaw soils in tne vicinity of an
old oxbcw on the eastern margin of the impact area.

The proceeding geograpnic dreas can be associated with the five
engineering alternatives. As displayea in Table IIl-¢b, Cclumn 1,
geographic areds listed in Lolumn 2 with site infeormation in Column 345b.

10.3 MITILATIUN EY AREA

Based on the results of our investigations, the signiticance of each site
was evaluated in terms of criteria for eligipility for listing in tne
National Register of Historic Places. In makirng our =valuations, we
relieg upon these and other criteria listed in the guidelines published
in the Advisory Council's Procedures tor tne Protection of Historic and
Cultural Properties (36CFR 800.10). Although the specific details vary
for each site, the evaluations are of two general types: either a4 site
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is deened significant, and, therefore, eligible for listing in the
Register, or it is not.

It a site nas been subjected to testing and a backgrouna researcn, ang is
considgerea not to be eligible for the kegister, tilen no aggitional
archaevlogical work is warranteud. un tne other nand, it a site appears
significant in terms ot the guiuelines noted above, turther work or
mitigation 1s in order.

In specific terms, tne recommendations rall into four categories, two in
which no auditional action is sSugyested, ana two in wnich mitigative
measures are deemed apprupriate. wo additional work is recommengea at:
(1) recent historic sites,
(2) light lithic scatters without integrity;

ana mitigative measures are appropriate at:

(1) sites deemed eligible for the Kegister pecause of in situ
cultural dgeposits, and

(2) sites with heavy artitact densities, wnhere weatner prevented
completion of all of our testing proceaures.

1. Historic sites that are fitty years of age or less are not eligible
for inclusion in the fational Kegister. These sites consist of
standing structures ot recent date, or artifact scatters of modern
devris. Ltven it some of these structures were actually cunstructed
before 1929 , they constitute a small element of a very widespread
rural settlement pattern. Similar structures aund sites are to be
found over a large portion of northern Alabama, and it would te
extrenely difficult to arque that the sites are of significance in
terms of being unique, or offering the possibiliiy of advancing
scientific knowleage.

2. Light scatters of very low artitact density are found in protftusion in
the Tennessee kiver Valley. Although such sites formea part of a
more complex settlement System, and deserve thorough study, present
archaeological techniques for dealing with low-censity, shallow sites
are poorly developed. Such sites are nost commonly found in plowed
fields, where discovery 1S enhancea by the disturbance, but while
aiding aiscovery, the cultivatign also destrcys site integrity. Ueep
deposits, such as pits or postmolds, may survive below the plowzone
at these sites, and our testing procedures were designed to locate
such undisturved deposits. bBut, at sites where testing tailed to
reveal evigence of subsurface features, the only remaining suitable
and cost-effective data recovery technique is surface collection.
Controlled surface collections were not a part of our work plan, but,
at small sites, the systematic collection intervals along tne radial
transects provide an adequate sample of site contents. Ir such
cases, we 0o not feel that additional investigations woulc oe
proguctive, given present archaeological techniques.
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3. Sites considered eliginle for listing in the National Kegister of
Historic Places require protection. Prehistoric sites, at which
intact deposits are found offer an excellent opportunity to advance
the knowledge of prehistoric cultural development in the Tennessee
River Valley. Also, each site must be sufficiently unique, within
the project corridor, that it would not be possible to group them,
and recommend a single sample for listing in the Register.

4, At a number of sites, our investigations failed to show evidence of
intact deposits. In tnis group, one of several factors leads us to
recommend additional work. At several of the larger sites, the
radial transect collections served to define site boundaries, but
resulted in a controlled collection from only a very small percentage
of the site area. At such sites, particularly those with an artifact
density sufficient to suggest an occupation of greater duration than
a single flaking incident, we feel that a controlied surface
collection is warranted. Such collections would produce a
representative sample of artifacts for dating purposes, and could
also provide information allowing the delineation of discreet
activity loci and/or the horizontal separation of temporal
components. Perhaps, more importantly, extremely wet conditions
prohibited stripping of the plowzone at several sites in this
category. At such sites, our one-meter by one-meter test pits anc
limited augering simply did not expose an adequate area to
confidently rule out the possibility of subsurface features . In
these cases, we must suggest that a portion of the plowzone be
stripped at tne sites, in order to confirm the presence or absence of
intact deposits which might make the site eligible for inclusion in
the National Register.

10.3.1 Contaminated Area (Areas A-C, Figure II[-26)

Dredging of contaminated materials from this area is potentially the most
significant engineering aspect of the entire project. DOredging will
involve direct impact to an extremely large number of high probability
locatiors along the shore of the streams. [n agdition to tne potential
for encountering a host of unreported sites along the shoreline, there is
the problem of sites inundated by waters of the Wheeler Reservoir. We
have no way to accurately predict now many sites located in the alluvial
bottomlands of Indian Creek and HSB are now covered by the Reservoir's
waters. However, we do know that sites occur in profusion on very slight
elevations along all of the streams in our study corridor. The
elevations are so slight tnat many would have been submerged in the
Keservoir. Thus, the aredging will not only impact a large number of
high probability locations, but it also would affect a large zone in
which site potential cannot be predicted.

As road and dredging corridors are agreed upon, an intensive fiela survey
will be required to locate sites both previously recorded and new sites.
Sites that will be impacted (there are iiine recorded to date) will
require intensive excavations to determine their eligibility for
inclusions in the National kegister Category 3 in the above discussion.
The amount of dredging activities will be a direct factor in the area

111-138 REVISED APRIL 1984.

T -




i sk e i e e i - . N

requiring survey or mitigation. A 5U% reduction in the dredyed area will
produce a similar reduction in the level of cultural resource impact and
tiie need for survey mitigation. The most difficult aspect within this
area will be locatiun of siynificant sites inundatea by the wheeler
Keservoir. Tnis will require an inovative sampling procedure to locate
these now underwdter sites.

10.3.2 bredged Material Disposal Sites, (areas D & &, Figure 111-26)

The primary disposal site location Are:a U has not been subjected to dn
intensive archaeological survey. At present one site is reported feor the
area and there is a strong possibility of additional sites within the
proposed area. The one reported site IMAlz7 will require evaluation, as
will all sites recorded in the intensive survey.

The alternative disposal site Arca E has been surveyed in the northarn |
section as part of the reconnaissance level survey. Three sites were
located, all prehisotric lithic scatters. None is eligible for listing
on the National kegister of Historic Places, Category 3, and no
additional work will be necessary in Category 4. The southern section
will require an intensive survey. Al located sites will require
National Register eligibility determination.

10.3.3 Qut-of-Basin Diversion Channel anu Uikes, (Areas F & G,
Figure T[1-26) i

Area F falls within the area delimited for the reconnaisance level
survey. This survey was designed lo produce a predictive model. As a
result the entire area was not supnjected to an intensive level of
investigation, and will require additional work to fill these gaps. At
present there are eight sites which appear to be of National kegister
significance, Category 3 and 4. Additionally, sites located ouring the
intensive survey will require National Register evaluation. The amount
of mitigation required tor this are is high for two reasons:

1) intensity of previous survey work and 2) the high level of cultural
occupation in the impact area.

Area G includes fluod control levees that have not been subjected to
intensive archaeological survey, which will have to be completed. The
sites located during the survey and the two previously recoroed sites
will require excavation to determine their National Register
significance.

10.3.4 MWithin-Basin Diversion Channel and Containment Dike
(Figure [I1-Z7)

This area, like HSB Area A which it shares has not been subjected to an
intensive level survey. The area includes seven known sites that will
also be impacted by Area A. Six of these sites are periphery or of an
undetermined exact location and will have to be relocated and evaluated
for National Register eligibility. The seventh site falls in the direct
construction area and will require evaluation.
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10.4 IMPALTS ANU MITIGATIUN FOR EACH ALTEKNATIVE

Based on the precediug evaluation a matrix Table II1-26 has uveen con-
structed correlating engineering alternatives witn geograpnic areas,
documentea sites, National Kegister eligible sites, potential tor site
location and total nuaber of sites tnat «will be impacted. ¢#irst it can
be iotea that HSk Reacn A-B, and Inaian Creek Reach € will all be
impacted 1n all the engineering alterndtives. Use of eitner of the two
out-of-pasin gisposal sites will impact relatively small areas but still
with a high probability tor site location. wut-ot-basin uiversion (a-F)
in degree of impact approaches that ot dredging. Qut-of-basin auiversion
occurs in both alternatives C and U. As a result these two alternatives,
from a cultural resouce standpoiut are the wost oamaging. Alternative t
and F which include within-basin aiversion are the least damayging,
particularly when Alternative F which includes containment of contami-
natea waterials within-pasin., The within-basin aiversion will overlap
some of the areas requiring survey in Area A, Finally, it must be noteq
that none of the areas associated witn their particular alternatives have
been completely surveyed. The proceeding information is all derivea from
the predictive site nodel conducted in the area of tne proposed diversion
channel.

11,0 ENVIKUNRENTAL IMPACTS UF THE ALTERNATIVES

1.1} INTRUULLTION

The various alternatives can each Le considered a group ot tasks, or
actions. Lacn of the tasks is usually a component of more than one
alternative. To prevent the reiteration of identical impacts from
alternative to alternative, the predicted impacts are discussed herein on
a task by task basis. The total series of impacts tfor each alternative
will then be briefly outlined, summarized, ana compared.

11.2 LUREDuIna AND DISPOSKL

Dredging--The impacts of dredging and aisposal can be characterized as
being associated with (a) roao construction, (b) mechanical removal of
seuiments and snag habitats, ana (c) water quality degraiation.

Total roadwdy to be constructed amounts to about 63,30u linear feet, or
bb.7 acres. Alnost 40 percent of tnis acresge is occupied by aquatic or
wetlang nabitats; specitfically open water, buttonbush swamp, bottonland
hardwood swamp, and floooplain nardwood forest. These are among the mos©
valuable of the site's habitats to wildlite, by providing fruit ana mast
for autumn and winter toacs. wilalife species whicn ndy be directly
attectea by this loss are turkey, deer, opossuni, racccon, red and gray
tox, squirrels, and other rodents. Many of these dre game species.

Approximately one-halt of the total "edge" napitat along hHuntsville
Spring branch and Indian Creck pet..een Patton Hoad ana tre lennessee
Kiver will be severely altered by .onstruction of tne road. Virtually
all existing veyetation will ve removea to allow working room for tre
areage. Luring arecging operaticns, "pioneer” plant species wiil
colonize the denuded stream bank, n probably lesser densities than the
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original native vegetation. This habitat will receive some (mostly
nocturnal) wildlife use. [f subsequentiy managed to allow natural
vegetation to occupy the bank, its present wildlife values will return
over time. If tne bank is grassed and mowed, this will represent a
long-terim loss of valuable habitat and wiidlife, since it is a habitat
for potn uplang ana wetland plant species ang 1% receives mcre insolation
than the floor ¢° tne adjacent forests, and productivity and density of
tne edge hdoitat's snrub ana hert layers is greater than in the forests.
[t is therefore useful to wetland and upiand wildlife as a travel
corridor, as resting cover, and as nesting and feeding habitat. Another
point of concern is that removal of much of the vegetation and placement
of a gravel roaaway alongsice ot the stream will increase erosion along
the stream channel due to a reduction of soil holding capacity. This
could lead to increasea UUT exposure and transport from contamination
along this bank if DuT-contaminated areas in the adjacent channel, bank
or overpank are missed.

Mechanical removal of 259 acres of sediments and snags associated with
UUTK removal will result in the loss of aufwucns communities, macroin-
vertebrate populations, fisn and wildlife nabitat, and pernaps some
submerged vegetation. Aufwuchs communities, which consists of attached
algae, bacteria, protozoa and fungi, organic detritus, silt, and clay,
exist as a3 thin veneer which coats the light-receiving surfaces of
submerged snags and sediments. Aufwuchs communities can have high
productivities, higher than pnytoplankton or macrophyte communities.
They may not be so important in the hignly-turbid stream system of this
study, but since they were not sampled this cannot pe stated with
certainty. Aufwuchs communities also provide suitable hapitat for a
variety of macroinvertebrates, and are grazed by certain ampnibnian larvae
and fisn. These communities can be expected to become reestablished on
the penthic substrate tollowing dredging activities, but snag removal
represents a long-term loss of substrate for plant productivity.
Mdcroinvertebrate popuiations also exist on snags and in the bottom
substrate. Benthic macroinvertebrates exist in moderate to low densities
within the affected streams. Snag-dwelling macroinvertebrates were not
quantified in this survey. Macroinvertebrates provide food sources for
fish and other wilalife species. The loss of snags from the stream
system will have a long-term, detrimental effect on snag-dwelling
macroinvertebrates. Henthic macroinvertebrates, however, should
recolonize within a year or two (Hirscn, et al., 1978). Snags are among
the most valuable of stream habitats to fish and wildlife, by providing
food (aufwuchs and macroinvertebrates), cover, and respite from stream
currents. Unless uncontaminated snags are repldced subsequent to
dredging of contaminants, this will represent a significant long-term
loss to the Huntsville Spring Brancn and Indian Creek stream system.

The removal of contaminated organisms will result in the removal of some
DUTR from the system; however, as pointed out in Appendix II,

Section 3.3, the UUTR removed via organisms will be very small in
relation to the total quantity in the system.

Fish will be affected more after the dredging is completed than while it
is in operation. Uuring cleariny and dredging of the channel, fish will
probably migrate downstream to avoid the sediment plumes created by
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clearing debris and dredging, and to avoid the disturbance and noise of
the operations. OUnce these operations are completed, the fish will mi-
grate back and may be affected in several ways. For several years there
will probably be reduced food available in the dredged areas. Available
food may have residual UUTK levels due to contaminated sediments not com-
pletely removed by dredging. There will also be a marked reduction in
habitats for juvenile fish since the productive shallow areas in and
along the edges of the dredged portions of HSB ard IC will have oeen
dredged to a depth of at least 2 feet.

The effect on aquatic plants of dredging in HSB and/or IC woula be very
nominal since duckweed 1is the only vascular plant found to any extent.
Duckweed has been shown to very rapidly adsorb UDT from surface films and
also from the water (Meeks, 1968). Removal of contaminated sediments
will reduce the burden of pesticide in this plant species. This is
important since it is a source of food for Sora Rail and several species
ot ducks which are found in the area, most notably the wWood Ducks.

Uredging will pe required at least in the approximately 25 acres of
critical overoank area within Keach A in addition to dredging of the HSE
channel. This acreage is entirely in wetland habitats; specifically
buttonbush swamp, floodplain hardwood forest, and bottomland hardwood
swamp. These are habitats important to terrestrial and wetland wildlife
species. However, as much as 60 percent of the DDTR in the HSB-1C system
may be located in tnis retatively small area.

Water quality will be degraded to some extent by turbidity ano by
suspension of LUTR. The turbidity plume is not expected to be of large
size. The majority of the plume will move downstream and .ettle to the
channel bottom. This short-term increase in downstream DUTR contamina-
tion will be subsequently removed as the dredge progresses downstream.
See Sections 3.72.3 and 3.4.7 for aaditional information on turbidity
generation by dredging.

In close proximity to the dredge, the plume will snade benthic macro-
invertebrate and benthic aufwuchs communities, thus reducing produc-
tivity. Phytoplankton will be affected less than zooplankton and much
Tess than benthic organisms by suspended DUTK, as shown by Hurlbert
(1975), since the UDDTR will remain suspended for a relatively short
period of time before it settles to the bottom again. However, the LUT
in solution could affect the phytoplankton since they can concentrate it
over 1,000 times the water concentration (Hurlbert, 1975). As noted in i
Section 5.6 of Appendix I, tnis may have an effect on growth mrphology E
and photosynthesis. ODue to the snorter generation time of phytoplankton,
algal blooms could occur if the suspended DUT reduces the zooplankton
levels (Hurlpbert, 1975). In general, any effect on the plankton should
only be temporary since recolonization will continually take place from
upstream of the dredging operations.

T———

Some DDTR-contaminated material may be left along the dredged channel.
This material will affect benthic organisms recolonizing the bottom until
covered with uncontaminated sediments. This effect should be less than
that presently occurring.
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It the entire overbank area within Reach A is dredgeo, the environmen’ al
ipact woulo be more extensive. Kemoval ot all trees and plants rrom

tiiis area would result i a large loss of wildlife habitat. kevegetation

ang recovery would be slow due to removal of three teet or topsoil.

There may also be a signiticant increase in suspended solids in

huntsville Spring branch due to erosion in the area until such time tnat

the overbank could pe stabilized. .

Uredging of contaiinated sediments will require that tne water level in
Wheeler Keservoir be lowerea more rapidly than is presently done, and
that the water level be maintained a toot luwer during the following
summer if necessary, to tacilitate dredging contaminated sediments from
Indian Creek and Huntsville Spring Branch. Within the Tennessee kiver
the reservoir's banks are relatively steep, so that lowering the level
one foot should reduce the surface area relatively little. Also, the
biota present is already adapted to changing water levels. Theretore,
the impacts of tnese water level manipulations shoulo have little adverse
eftects on Tennessee Kiver biota. These water level manipulations will
atfect the backwater aredas within the wheeler National Wilalife Kefuge
(WwhWK) to a greater extent. Since these packwaters are shallower, larger
areas will become exposec in the autumn and winter than would normally.
These "muoflats" become quickly vegetated with rushes and other
graminoios, and dre the main attraction to overwintering ducks and geese.
Said water level lowering may therefore actually benefit these watertouwl
(Atkeson, 19ys0). Ftisheries production in the shallow backwaters shoulu
be little-aftected by aropping the water level sooner ano more quickly.
Maintaining tne water level a foot lower the following spring and sumer
shoula also cause little harm to fish populations, since there shoulo be
sufticient backwater shallows for spawning to occur (Hooper, 1YsU).
Caution must be taken not to raise the water level in the spring to

550 feet sl and then Lo lower 1t back to 9%5 feet msl. This could
result in stranaing of spawning fish and nests, which woula be
detrimental to *ish populations. AKlso, Yor protection of bass tisheries
productivity, the arawdown should be delayed until mid-uune, since
bedding tish could be trapped, and nests destroyea, by falling water
levels.

Bathynetric data (Seawell, 19Y80) indicates that the l-foot temporary drop
will reduce the reservoir surface area by about 2,190 acres from a total
of 61,190 acres, a loss of 3.6 percent. Tne amount of fish spawning and
nursery dcreage was not determinable at this time, so an accurate 1
estimate of tne loss or gyain in habitat was not possible. However, if it
is assumed tnat the primary hapitat is six feet or less, the batnymetric 1
data inaicates there would be a loss of 38U acres of water less than six '
feet deep. This represents a temporary loss of 2.3 percent. This loss
is considered to be insignificant if 1t occurs for no more than two years
(Hooper, 1Y80; Lawson, 19Y80). '

Two options are being considereo tour disposal of the contaminated dredgea !

material. These are (1) the channel of Huntsville Spring Brancn between
miles <.4 to 5.7, which could be employed in Alternative F; and (¢) the
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The dike and drainage channel will displace about 11.3 acres of aquatic
and wetland habitats, and 27.1 acres of uplands. The western dike and
cana: will run along the edge of the floodplain, disturbing a minimal
amount of aquatic and wetland habitat. However, it will also serve as a
partial barrier to wildlife attempting to move back and forth between the
uplands and lowlands. This effect is not altogether detrimental to
wildlife, since the lowlands removed from their range is a contaminateag
one, and the slope of the dike will be 3:1.

Excluding HSB from keach A (Patton Road to Uodd Road) by constructing the
western containment dike wil) result in lowered water levels within the
reach. Lowering will be most pronounced in areas adjacent to the
channel. The vegetation will respond by shifting to species preferring
drier situations. There are five wetland and aquatic plant communities
within the floodplain of Reach A, existing along a continuum from
relatively dry to wet. These are: the natural levee associdtion, the
floodplain association, the bottomland hardwoods association, tne
buttonbush community, and the open water areas. The levee association
may see introduced a number of uplanc species, sucn as loblolly pine,
redbud, red cedar, and smooth sumac. The floodplain association should
tend to shift from maple-ash dominants to one occupied by a wider variety
of mesic species, such as oaks, (swamp chestnut, willow, water and
cherrybark), elms (American ana winged), hackberry, black cherry, dogwood
ang redbud. The pottomland hardwood association occurs in depressions
witnin the floodplain, and should remain relatively wet. However,
without periodic flooding from HSB overflows, water levels should be
generally lower relative to present conditions. While the wetland
species {green ash, water tupelo anc red maple) should continue to
predominate, other species could also invade. These may include
sweetgum, black willow and blue beech. The buttonbush association occurs
where the water is too deep to prevent the establishment of bottomland
trees. With lower water levels, several species should be able to
colonize the shallower porticns. These include water tupelo, green ash,
and red maple. The open water areas will be reduced in extent. Since
H56 floodwaters will cease, the levels of suspended clays and organic |
detritus may be lowered sufficiently to allow the growth of submerged
aquatic plants in the open water areas. In general, lowered water levels
should increase aquatic plant diversity in each of the affected plant
associations, and may also increase aquatic plant density.

Terrestrial and avian wildlife would be benefited by this cnange,
specifically Wood bucks, Turkey, raccoon, opossum, deer, and squirrels.
Aguatic organisms wou'd also oenefit by removal of DUTR, and by an
increase in aquatic and wetland plant foods. These woula incluge otter,
muskrat, wading birds, game fish, and invertebrates. Lowering of water j
levels within the containment area will create two shallow 13kes; one in
tne existing "loup" section at HSB Mile 5.3, the other in the larye
ponded area near HSB %ile 4.5, Several smaller areas would also remain
ponded. Creation of snallow lakes has the potential to be of high value
to wildlife. After a few years ot high plankton production, the ponded
areas could become vegetated with submerged and emergent macrophytes,
providing productive aquatic habitat.
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ft the non-critical overbank is not covered, the current effects of DUTK
in this system can be expected to continue. As noted by Dimono (1Y6Y)
and Peterson, et al. (1Y71), the UUTR will rot leach downwerd or very
rapidly become degraded by soil microorganisms (Clore, et al., 196l; hasn
and woc son, 1Y6/). Also, only trace amounts are normally absorbed Dy
vegetation (Yule, et al., 1972). Hence, current impacts orn soil-dwelling
arganisms may continue for some years to come.

The situation would be vastly different it ootn the cnannel ana the
overbank were tilled. All vegetation would Ge removed, iIncluding stumps,
in an area totaling apbout 506 acres of aquatic and wetlana habpitat. The
wetlanas within this area are the nost contaminateo portions ot the site.
rRemoval ot veyetation ana filling with two or three feet ot clean soil
would nave some value as a site ot resedarcn 1n primary plant succession,
but years would be reguired betore the site obtainea a level ot plant ana
wildlife productivity and diversity approaching the surrounaing
enviromnent.

il.b CONTAINMENT WITH WIThRIN-BASIN UIVERSIUN

tnvironmental Impacts--Tasks involved with this containment alternative
are (a) re-routing HSB throuyn a witnin-basin oiversion channel, and

(b) one of tnree till options: (1) filiing the HSY channel ama critical
overbank in the containment area to a depth of twu to three feet; (<)
filling the channel and tne entire overbark in the containment area to
depths of three and two feet, respectively; ard (3) filling the
containment area with dredged spoil from Keaches b, C, and the lower
portion of A, and then covering with clay anu topsoil (this option is
discussed in Section 11.4). Tnhe impacis of re-routing HSb through the
within-pasin diversion chaiinel have opeen discussed in Section 11.4. The
inpacts of filling the Huntsville Spring Brancn cnannel and the overbpank
area are discussed in Section 11.5.

Ot further impact woulo e the damage done to the uplana area in
"borrowing" clean fill for tne above works. This site and its areal
extent are currently unspecifiea.

1i.7 ALTEKNATIVE A:  NATURAL KESTURATIUN

Alternative A involves allowing the system to be naturally restoreo. Tne
major impact would pe the continuing contamination of the environment Sy
VUTK. More intormation on tnis alternative can pe founa in Section 9.1
of this Appendix.

11.6 ALTERNATIVE b:  UKREDWInG ANU DISPOUSAL

Alternative b is comprisec of the dredging of contaminated sediments and
their disposal in &an uplano disprsal site. Uredying options are to

(1) dgredge the contaminated portions of huntsville Spring Branch and
Indian Creek and the 290 acre overbank area, and (2) dredye the above
pius most of the remaining wet.ands between Uodd and Patton Roads.
uredging wouid require construction ot an access road along the edge of
the two steams. Uisposal would occur in a temporary upland disposal site
w1thin the drainage basin. The major items of impact are listed below.
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k. comperison of etfectiveness of alternatives (excluding dany
consideration of biovta contamination) is given in Tupble I11-33.

Finally, a xey factor is the effectiveness of an alternaiive in recucinyg
VUTR levels in tish to below the b ppm FUA guideline. Unfortunately,
this 1s provaply the wost ditticult measure of ettectiveness to predict
with accuracy. Un the one hand one can state tnat rewmoval cor isolation
ot 4 uigh percentage of the LUTR in the HSB-1C system can, in the long
term, only nelp the situation. Yet because of tie nigh potential for
signiticant risn contamindtion from even low residual levels of DuUTK, one
cannot easily preaict how quickly positive results can be realized
tcitowing a clean-up etfort.

Several factors shoulu be considered in attempting to Juage now long it
might take tor UDUTK ievels in fish to be reduceu to below 5 ppm. These
irciude current contamination levels, methoa of contamination, ge-
gradation of DUTR by natural processes, ettectiveness of UUTR removal,
and rate at wnich fisn can excrete Jr break adown LuTh. In appendix 11,
Section 5.3, tnese tactors are considered in soime depth. Channel catfisn
in wheelcr keservoir downstream ot 1C appear to have DUTK concentrations
on the order ot 10 ppm due to very low level contamination ot either or
both seaiment and water. wear !C DUTR levels in channel cattish are
nigher which may be due to higter localized seaiment or water UUTK
concentrations and/or to miygration ot fish in and out of IL. leverthe-
less, it appears that for channel catfish biocoucentration of ULUTR
produces tish concentrations in excess of 5 ppm from extremely low
environmental concentrations. Hence, it is not reasonable to expect
channel catfish UDTK levels to drop velow 5 ppm until environental LULTK
levels are reduced pelow what currently exists in tne Tk, Presently this
level is velow what mignt reasonably be expected to initially remain i
I€ end H>b after a mitigation alternative was cumpleted. Further, tnese
ievels of DLTh in the TK water and sediment woulu still bLe prasent ever
it a mitigation alternative were completea. +tollowing the completion of
any of tne alternatives except natural restoration, 1t is dasSumeg that
the flow of UUIK to the TR would be significantly reduceu. +With Nittle
or no "tresh" DUTK entering tne river, it could be expected that existing
concentrations would go aown.

Unfortunately, no cata exists regarding natural dgegradation rates for
VUTK ur.der conditions similar to those found in IL and TK. Uata for
breakdown rates in soils show figures ranging trom less than that one
year to greater than 30 years depending on a number of conaitions (see
Appendix I, Table I-5). Under the assumption thdat some mitigaticn action
hao essentially elmminated the movement of UDTK trom [C to the Tk ana
that natural breakdown in an aquatic environment wignt roughly paralle]
breakdown in the sou1l, signiticant reductions in UDTK might occur 1in
roughly 1-30 years.

Since the uptake and reduction of DUTK 1n tish has been snown to occur n
signiricantly shorter time spans than appear to ve required for natural
degradation of ULDTK, it is assumed tnat the fish are at or near equili-
brium with respect to ULTK in the environment (Macek ana korn, 1970;
Macek Eﬁ.&l" 1970; uJarvinen EE.El" 1y/76). CLonsequently, one
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would expect DOTR levels in fish to closely parallel reductions of DDOTR
in the environment.

If the assumptions and conditions noted above are valid, it might take
from a relatively few to 30 or more years for DDTR levels in channel
catfish in the TR to drop below the 5 ppm guideline following completion
of one of the action alternatives. Further, since any of the action
alternatives will leave at least some residual amounts of DDTR in [C
above what currently exists in the TR, the channel catfish in IC can be
expected to remain contaminated for even longer perinds of time.

No difference between the action alternatives can be detailed regarding 4
how quickly DOTR levels in channetl catfish in IC and HSB can be reduced. 1

E
The natural restoration alternative is predicted to be ineffective in 4
controlling DDTR contamination of the HSB-IC-TR system. A more complete 3
explanation can be found in Section 9.1 of this Appendix. ;s
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IT. SITE SPECIFIL INFORMATIUN AND ANALYSIS

1.0 - A HISTORICAL REVIEW UF UDT MANUFACTUKE AND SUBSEQUENT ENVIRUNMENTAL
IMPACT AT KEDSTUNE AKSENAL

1.1 MANUFACTURING PLANT HISTURY

Folluwing lease negotiations with Redstene Arsenal the Calabama Chemicx!
Company beyan the manufacture of DUT in 1947. According to a Uepartment
ot the Army report {(LUIR, 1977) other concerns involved in the overall
operation were Solvoy Process Division of Alliea Chemical and Lye Cor-
poration and John Powell and Company. Calabama, however, was on tne KSA
property ang responsible for unit operations. Figure II-1 presents a
chronology of activities related to initiat on of the plant operation and
subsequent impact.

The plant was locatec in the 5000 section of the Arsenal where process
wastewater enterea a drainaye cditch which discharged to Huntsville Spring
branch. There are no available records regarding UUT production at that !
time. However, estimatea wastewater volume was 1.5 mgd. Treatment of
process wastes was not done and residual pesticide enterea Huntsville
Spring Branch, a tributary to the Tennessee River. Wastewater was char- E
acterized as shown in Table iI-1. The amount of DUT in tne wastewater 1
ranged up to U.5 myg/1 mainly as particulates.

Seven years later in 1954 tne 0lin Mathieson (Chemical Company became the

lessee and continued UUT manufacture. No improvements for treatment ot

wastewaters were carried out until 1965 when a settling pond was con-

structea. During this time production was estimated at 1 to 2 million

pounds per montn {USPHS, 1Y964). 0lin kept the tacility operating on a

7-day scheaule. By 19649, 2,250,000 pounds were being manufactured |
montinly which was near the 2.5 million production capacity of the plant

(USHEHA, 19069).

1.2 PKIOR CONTKOL EFFORTS

A review of the chronology of waste treatment shows that the settling

pond constructea in 1Y65 was enlarged two years later. Plant personnel

estimated that 12,000 pounds of DUT accumulated by sedimentation in four

months (USAEHA, 1965). Also at the time of the settling pond mocifica- {
tion the ditch conveying wastewater from the plant was treated with

70 tons of lime and 400 pounds of FeS0, and filled in. A new ditch was

constructea alongside. This modification was completed to meet water |
quality standards that had been imposed by the Federal goverrment. These

standards for LDT required that concentrations in wastewater dischargea

to Huntsville Spring Branch not exceed 10 ug/1. The original aitch

conveying wastewater had accumulated so much UDT that the ditch itself

was a source and posed a problem for Olin in neeting the standards.

In February 1970 0lin installed a carbon filter at the outlet of the
settling pond to keep the UDT level at or below the 10 ug/1 limit for
discharge (USAEHA, 1969). Sometime later the same year the Fedcral Water IJ




DDT prod begun by Caleb Cheml-
cal Corporetion is in » lesssd tecility on
Redstone Arsenal. Plant capacity wes ep-
proximately 25 million pounds per yeer.
Wastewster smounted to sbout 1.5MGD dis
charged without conventionsl trestment to
Huntsville Spring Brencii ena Wheeler Wild-
fife Refuge.

1948

\j
1947

1949

Hesvy use of pesticides on cotton crops to
corrbat boll weevils was carried out during
the summer. Stormwater runoff carried sub-
stentisl smounts to streems tributery to
Tennessee River. Application in Limestone
end Medison Counties was 2.7 and 6.5 mil-
lion pounds respectively. Pesticide mixture
included 5% DDT.

1950 19

Utilities branch st Redstone
Huntsville Spiing Branch was grossly
slong the entire length with muni
industrial wastes. '

1 19

The old ditch treated with lime and ferrous
sulfete and filled. A new ditch was dug
parsliel to the first.

FWPCA esteblished discherge stenderd ot 10
micrograms per liter DDT. Settling pona fnr
DODT wastewstar enlarged.

DOT levels in waste ditch contained maxi-
mum of 2,409 ppm. TVA shows range
in water to be 1-60 micrograms per liter

of 10

TVA prop discherge guideli
microgrems per liter DDT.
Settling ponds wers constructed. Ponds
accumulete ebout 12,000 Ibs. of DDT in less
then 3 months.

Alsbema
ducted b
Alsbama st
pesticide vee
1950. The
community
invertebrates {
cides. .
DDT in sediment st HSBM 4.7 esti
6500 ppm end ot 13.400 ppm in
ate enelyses At Decatur Weter T
Plant DDT level was between 206
grams per liter,

Red shouldered Hewk populstion
by 84% in Wheeler Wildlifse Refuge
15-yeer period. Reductions ¢lso n
Owl, Marsh, Coopers snd Red-18i

populetions.
1963

1968

FWPCA shows HSB immedia.sly below
drminage ditch to heve en everage of 3.85
microgrems per liter DDT in weter.

Olin-Meths

1967

FWPCA showed meen levels of DDT in
weter below discharge from dreinage ditch
to be 5 micrograms per fiter.

in June it will

Redstone Arsenal.

give up lease end stop DDT menufacture at

\A
1965

1964

Anelysis of crows collected st Redstone by
Patuxent Wildlife Research Center showed
DDT Jevels as high as 119 ppm in muscle
tissue and spproximately 1600 ppm in fot.
The DDT content of mammals renged from
0.5 ppm in rebbit muscle to 31.7 ppm in
opossum. The level in fat ranged from 6.8 to

Anelysis by TVA shows catfish muscle to
contein 13.5 ppm in sample collected in
Wheeler Reservoir below Decetur,

DDT enalysis by Alsbamas Dept of Agricul-
ture & Industries showed chennel cetfish to
contein from 0,70 to 8.46 ppm #t Tennessee
River mile 295.

Olin instells carbon filter to reduce DDT
levels 1n wasteweter.

1969 19

348.5 ppm 1n these ar.mals respectively. E

Plant demolished. Double-crasted Cormorent
sbsent from Wheeler Wildlife Refuge for
past 9 yeers.

1 1972

1973

A survey by Alsbema Department ¢
culture & industries showed DDT cad
fish in Honeycomb Creek & Li

below 5.0 ppm FDA limit, Maxi

of 2.00 ppm found in bluegill in
Creek. i

4

1974

Federsl Water Pollution Control Adminis-
tration set stenderds for DDT in discherged
wastewater ot .020 microgrems per liter.

Alacems Depsrtment of Conservetion re-
ported levels of DC'T in fish neer Trione a5
high s 71 ppm and near Decatur s high &
17 ppm. Bess from Wilson Reservoir con:

U.S. Army begins Crinking water surveillence
progrem at Redstone.

teined 37.3 ppm DODT.

FIGURE I1-1.

SOURCE: WATER AND AJR RESEARCH, INC., 1980

Chronology of Events Resulting from DDT Manufacture at Redstone Arsenal
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Olin Mathiesan Chemics! Compeny pur-
chased Calsbama Chemical Co. and con:
tinued manufacture of DDT.

ch st Redstone noted that
ing Branch was grossly polluted
ire length with municipal and

e '
1952 19,

19

3 1954

Alsbama Departmant of Conservation con-
ducted bwtagicsl surveys in selected north
Alsbama streams to assess impact of heavy
pesticide use on crops in the summer of
1950. The Department concluded that the
community structure in fish and macro-
invertebrates showed altarstion from pesti-
cides.

iment st HSBM 4.7 estimated at
nd at 13,400 ppm in two separ-
. At D Watar Treat t
leval was between 20670 micro-
for.

Wheelar Wildlile Refuge personnel nots »
97.5% reduction in the Double-crested Cor-
morant population. During 8 10 ysar period
from 1949 Cormorants snnually visiting the
Reluge was reducec from 2000 to 50 birds.

1958

lered Hawik populstion reduced
Wheeler Wildlife Refuge within s
vod. Reductions slso in Barred
i, Coopers snd Red-tasiled Hawk

¥ \
1963 1962

\
1960 1959

stone by

n muscle
m in fat.
god from
! ppm in
wm 6.8 to
vely.

Abetamant program suggested to §t0p migrs-
tion of DDT from Redstone to Huntsvills
Spring Branch. TVA dsts show catfish at
TRM 275.292 contsined sbout S opm. TVA
estimata that 4000 tons of DD T in sediments

by Alsbsms Dapartment of Agri-
industries showed DDT content in
)eycomb Creek & Limestons Creek
ppm FDA limit. Maximum tevel
m found in bluegill in Limestone

1974

weillance

Landtills contsining DDT on Redstone (ares

from HSBM 2.45 to 5.9. Ducks collected in
Wheeler Refuge showed DOT flavels to be
comperable to levels found in fish. Total
DDTR in waterfow! ranged fium 1.2t0 2252

1975 19

5000) ware closed.

ppm.

19;7'

A

FDA monitors fish in Tannessee River and
selocted fish markets. DDT levals in soms
semples well above 5 ppm limit.

AEHA surveyed land, watsr, sedimant: and
snimal life. Fish were found to have an
svatage of 63.58 ppm DC'TR and consictared
unsafe for consumption.

Watsr and sediment samples showed high
concentrations of DDT.

Y
1978

1979

Fedaral task forcs implements study to
detarmine axtant of DDT contamination end
sltarnative actions to prevent furthar tun-
tamination of the Tennessee River, COE
Mebite District given responsibility tc |ssd

group.

Double-crestad Cormorant slowly incraasing
during past 6 yessrs in Whaalar Ratfuge.

Radstons puts sctivated carbon filtration
plant on lina to sbate DDT contamination

from drainage ditch,

11 U.S. ARMY CORPS OF ENGINEERS, MOBILE DISTRICT
Engineering and Environmental Study of DDT Contarnination of Huntsville Spring Branch,
indian Creek, and Adjacent Lands and Waters, Wheeler Reservoir, Alabama
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Table I1-i. Wastewater Characteristics from DUT Manutacture at RSA

Calcium chloride
Hydrochloric acid

vuT

Monochlorobenzene
Hypochlorites
Chloral

Sulfuric and Sulfonic Acid

S

hNote: DUT levels ranged up to U.5 mg/l.

Source: Industrial Wastes Survey Redstone Arsenal, 1964 - USPHS.
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Quality Administration placed a limit of 20 parts per trillion as the
amount of OULT that could be released in process water. Production of DDT
stopped by June 1970 as Olin coula not treat their wastewater in a manner
that would reduce DUT to this level.

Two other pesticides were later manufactured at the site. Trichloroace-
tonitrile (TCAN) was produced for less than a month and methoxycnlor was
produced for about six months. In early 1972, the plant was demolished.

Since that time extensive restoration of the site has been carriea out.
Short term containment measures were completed in 19Y77.  Tnese included

filling and sealing the old settling basin, diversion of drainage arounda
the old plant site, and instaliation of two dams in the drainage ditch to
create seaiment retention ponds. In January 1979, a water filtration/
carbon adsorption unit was installed to further treat the water leaving
the drainage aitch. Later in 1979 surface soils at the ola plant site
were removed and placeg in a state approved landfill located on the
Arsenal. Ffurther restoration has included excavation and landfilling of
contaminated sec¢iments in the old ditch, stabilization of old disposal
sites to preclude surface erosion, and installation and operation of a
subsurtace water monitoring system. Based on these actions future
migration of UDUTK from /.'senal property to Huntsville Spring Branch
shoula be negligible.

1.3 HISTURICAL CHRONULUGY OF CONTAMINATIUN

The record of events relating to Ulin's facility and the spreaa of LDT in
the environmen: shows that no aquatic surveys were conducted for lo years
following plant startup and operation. As an agricultural chemical OUT
was widely used on lanas within the drainage basin of the Tennessee
River. Pest control on crops such as cotton ana soybeans was carried out
by application of DDT and other organochlorine insecticides. Tnere was
no data during the late 1940's of DDT impact on the environment via
biomagnification and bioconcentration through foud webs. The risk to man
as far as health effects was considered insignificant.

By 1963 the Public Health Service and TVA were conducting surveys to de-
termine the extent of DOT migration and levels of the compound in water
and sediment. There was increasing evidence of toxic effects to the
biota (USPHS, 1Y64).

1.3.1 HWHater Quality Surveys

The utilities branch at Redstone carried out some of the early surveys.
Although no data are available, the general conclusion following water
and sediment analysis is that Huntsville Spring Branch was grossly
polluted ang reflected the effect of industrial wastes tfrom industry ana
Arsenal activities on water quality. Aside from wastes originating from
Huntsville, other firms on or near the Arsenal contributed wastewater to
Huntsville Spring branch. Components included chlorine and caustics
(Stauffer Chemical), iron and nickel carbonyls (GLAF), rocket propellants

L R 2
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(Thiokol), ana other resivues related to rocket research and production
(USCUE, 1lYub).

The pollution of Indian Creek and Huntsville Spring Branch (hS§) contin-
ued unabated and without apparent concern during the 1950's. Increasing
trequency of risn kills and otner pollution related events in all proba-
bility led to sampling efforts to establish water quality levels. The
first of these was initiated by the Public Health Service in 1463

(USPHS, 1ybd). Tabie I1-2 presents data showing the levels of UUTR in
Indian Creek ana Huntsville Spring Branch. Some limited information on
Wheeler Reservoir near Uecatur is also inciuded. It should be remembered
ttat contamination of these surtace waters also included beryllium,
chromium, cyanide, cadmium, acids ang other unknown components related to
tne rocket research program at Redstone. These substances along with DOT
wastewater led to the biological degradation of the Indian Creek -
Huntsville Spring Branch system {CDIR, 1978c).

Sampliing related to DUT residues was sporadic until late 1967 wnhen the
Federal Water Pollution Control Administration established a station at
Mile Marker 5.4 on Huntsville Spring 8ranch. fonthly collectons were
mage until May, 196Y. Whether these samples represented coapesites or
grabs is not known. The values ranged from 0.3 to 50 ug/l and incluged
analyses for the firsc four montns of 1970 when the program evidently was
discontinued.

Following cessation of DUT manufacture no water samples were analyzed for
tnis resiaue until 1977. These results (Table 11-3) show lower LDT
values than during the 196U-1970 perioa. Relatively little significance
can be attributea to the ocata since the sampling sites are not compar-
able. Analyses also were conducted on Tennessee River water. As the
table shows, DUTKR aig not exceed 0.U5 uy/1 ana most were less than

0.03 ug/1. Since DUT is only slightly soluble in water and highly
sorptive on organic and inorganic particulates the main sink is the
sediments in aquatic systems.

1.3.2 DLT Levels in Aquatic Sediments

Work on the UUT fevels in sediments has principally been carried on by
various Federal agencies. These are the Public Health Service, TVA, the
U.S. Army Environmental Hygiene Agency (USAEHA) and the Chemical
Demilitarization and Installation Restoration group (CDIR), now
designated as the U.S. Army Toxic and Hazardous Materials Agency
(USATHAMA). Sampling and analysis of sediments was intermittent and was
begun in 1963. There seemed to be little to no coordination among
agencies with regard to station location or data sharing until perhaps
1978-1979.

A review of the available information presented in the accompanying
Tables II-4 to 11-6 shows a trend toward increasing levels froum Indian
Creek Mile 0 (ICM-0) to Huntsville Spring Branch Mile 5+ (HSBM-5+) near
the confluence of the DLT arainage agitch. Uirect comparisons are diffi-
cult as sample sites varied from midchannel to overbank ano samples
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Taule [1-2. Concentrations of DUT in Surface Water to 1970 (ug/1)

Date Location DuT DDE Oub DOTR Data Source
11/63 HS5M 5.7 - 0.33 ~—- 0.33 USPHS
11/63 HSBM 4.7 1.6 4.1 ~-- 5.7 USPHS
11/63 ItM 4.6 0.06 -—- a—- 0.06 USPHS
12/63 HSBM 5.7 0.14 - - 0.14 USPHS
12/03 HSBM 4.7 47 -—- -—- 47 USPHS
12/63 ICM 4.6 V.51 - - 0.51 USPHS
12/63 HSuM 5.7 0.05 -—- - 0.05 USPHS
12/63 HSBM 4.7 135 ~—- -~ 135 USPHS
12/63 ICk 4.6 8.6 - - 8.6 USPHS
1¢/63 HSBM 5.7 0 - - 0 USPHS
12/63 HSBM 4.7 15.8 16.0 - 31.8 USPHS
12/63 ICM 4.6 2.6 3.6 -—-- 6.2 USPHS
12/63 TRM 305 .06 - - .06 USPHS
12/v3 TRM 305 02 - -—- .0z USPHS
12/63 TR 305 0 --- -—- 0 USPHS
12/63 Trta 305 0.67 ~-- --- 0.67 USPHS
1/64 HSBM 5.7 0 - - 0 USPHS
1/04 HSEM 4.7 11.0 3.4 ~-- 14.4 USPHS
1/04 IM 4.0 4.6 3.0 -—- 7.0 USPHS
1/04 HSEl 4.7 0.14 0.08 - 0.22 USPHS
1/64 ICM 4.6 1.8 1.4 -—- 2.2 USPHS
1/064 HoBM 4.7 0.35 0.0¢ --- 0.37 USPHS
1/64 ICk 4.6 0.04 1.1 --- 0.15 USPHS
1/b64 Tk 305 .30 0.1¢ - 0.42 USPHS
1/64 TRM 305 0.07 0.14 -~ .21 USPHS
9/65 HSBM 4.7 74.0 2.2 Z.2 75.4 USPHS
9/05 ICM 4.6 0.8 0.6 -~ 1.4 USPHS
Y/b5 HSBM 5.7 3.3 V.1 --- 3.4 USPHS
Y/6y HSBM 4.7 83.6 1.87 1.92 87.39 USCOE
9/65 HSBM 4.7 27.96 1.08 0.97 30.01 UusCot
9/65 HSBM 4.7 110.3¢ 2.90 3.00 11s.22 USCOE
9/65 HSBM 5.75 3.34 0.12 “-- 3.4b USCoE
9/65 ItM 4.6 1.3 0.53 2.51 4,34 USCOE
9/65 {CH 4.6 0.55 0.83 3.11 4.69 USCOE
Y/65 1CM 4.6 0.52 0.24 1.06 1.82 USCOE
10/67 HSBM 5.4 6.6 ——- ——- a-- FW(A*
11/07 HSBM 5.4 6.4 —— .- ~—- FUQA*
12/67 HSBM 5.4 2.1 -——- -——- --- FWQA*
1/68 HSBM 5.4 2.6 --- --- e FWQA*
2/68 nSBM 5.4 2.9 -—— .- -—- FWQA*
3/68 HSBM 5.4 2.3 - .- ~-- FWR*
4/68 HSBM 5.4 2.6 - ——- a—- FWQA*
5/68 HSBM 5.4 2.3 - —-- ese FWQA*
0/68 HSBM 5.4 3.2 - “~—- - FQA*
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Table 11-2.

Concentrations of DUT in Surface Water to 1970 (ug/1)

(Continued, page 2)

Date Location DLT but bbb DUTK Data Source
7/68 HSBM 5.4 1.2 --- - =) FWUA*
8/66 HbBM 5.4 1.1 - - =" FWQI\*
5/68 HSBM 5.4 4.8 --- ooo ——— FWA*

lu/ol HSBM 5.4 5.1 -—-- soc - FWQa*

11/68 HSgM 5.4 6.1 -——— coo Y FWQA*

12/08 HSBM 5.4 2.1 -—-- - eyl FWyAX
1/vY HOBM 5.4 4.4 -—- coo i FWQA*
2/69 HSBMm 5.4 1.3 -—- coo oy FWQA*
3/69 HopM 5.4 D od) -——- --- L FWQA*
4/69 HSBM 5.4 B.2 -~- -—-- coc FWQA®
5/5Y 156M 5.4 7.3 -—— --- - FWiA*
1/70 HSBl 5.4 4.7 “-- oo - FWA*
2/70 HSM 5.4 3.6 --- .- S FWQu*
3/70 HoBM 5.4 5.6 --- --- e FWQA*
4/70 HSpM 5.4 3.6 -—- .- S FWQA*

*All FWQA data reported as averages.
Range of values from 0.3 to 60 ug/1.

Source:

Ii-7

USPHS, 1964; USPHS, 1965; USCOE, 1966; FWQA, 1970
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Table 11-3. Concentrations of DUT in water Subsequent to 197U
Late Location ouT UUE buu DUTK Data Source
7/77  TRM 102-567 No detectable residue -

No detection limits stated. TVA
10/77  Im 1 0.16 0.13 0.34 0.63 TVA
10/77  ICH 0 0.04 0.07 0.18 0.29 TVA
10/77  TkM 32v <0.01 0.01 0.03 >0.04-<0.05 TVA
10/77  TRM 311 0.0 <0.01 <0.01 <0.03 TVA
10/77  TkM 285 <0.01 <0.01 <0.01 <v.03 TVA
16/77 Tk 277 <0.U1 <0.01 <0.01 <0.03 TVA
10/77  TkM 272 <0.01 <0.01 <0.01 <0.03 TVA
10 and IC-West and <1.0 ug/1 (19 samples) CDIR
11/77  Nortn Boundary
1977 IC at Triana --- --- --- 9 USAEHA
11/77  IC at Moutn --- --- --- 0.3 TVA
11/77 IC 1 Hile --- --- --- 0.6 TVA

above Mouth
11/77  TkM 1 Mile --- --- --- 0.04 TVA
below IL
11/77  BFCM 0.5 <0.01 0.026 0.072 >0.108-<0.118 TVA
11/77  TRK 333 <0.01 <0.01 <0.0f <0.03 TVA
11/77  IC <0.01 <0.01 <0.01 <o.03 TVA
11/77  HSB <0.01 <0.01 <0.01 <0.03 TVA
Note: Values in uy/1.
Source: TVA, 1977; USAEHA, 1978; CDIR, 1978a & b. <
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Table Ii-4. Concentrations of ODT in Indian (reek Sediments, ‘i

Mile Segment 0-8, Analyses during 1963-1978

Date Mile Marker bt DDE 1)) DDTR Data Source
10-
12/63 1.0 0.8 0.8 -—-- 1.6 USPHS
4.6 11.6 6.0 -—- 17.6 USPiHS
4.b 17.0 6.V -—- 23.0 TVA
7.75 2.0 0.7¢2 -— 2.72 USPHS
Y/bs 4.6 9.3 1.2 2.1 12.6 USPHS
9/73 1.0 0.8 --- --- ——— USAEHA i
i
10/77 U 0.08 0.14 v.24 0.46 TVA
0.91 1.2 -—-- -——- -—-- USAEHA
0.91 11.85 -——- --- -—-- USAEHA
0.91 28.90 -—- -—-- -——- USAERA
U.91 41.08 - -—-- --- USAEHA 3
u.91 40. 48 oo S —es USAEHA :
0.91 30.80 - --- -——- USAEHA
0.91 41.47 -——- -—- --- USAEHA
0.91 38.38 --- --- --- USHEHA 4
U.91 33.8Y4 -—-- --- -——- USAEHA
u.91 35.47 --- -——— -—-- USAEHA
0.91 33.23 --- --- -——- USAEHA
0.91 3.03 --- --- - USAEHA
1.0 0.16 0.13 0.34 0.63 TvA
11/77-
3/78 1.0 -——- -—- --- 28.31 CDIk
1.38 -——- --- --- 38.14 CDIR
2.¢ - --- --- 70.3% COIK
Z.4 -——- .- -—-- 29.41 CUIK
4.6 --- --- -—-- 13.35 CDIR A
5.33 ——- -——- -——- 4.54 CDIK :
6/78 4.0 -——- -——- —-- 0.11 TVa(b)
Y/78 oNe 0.81 2.9 7.9 11.61 TVA(a)
2.4 0.00 0.53 l.8 2.39 TVA
3.9 0.16 1.9 2.2 4,26 TVA

Nute: Concentration in ug/gm.

Source: TVA, 1963; USPHS, 1964; USPHS, 1965; USAtHA, 1977; Tva, 1977;
COIk, 1978(a) & (b); TVAa, 1978(a); TVA, 1978(b).
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Table I1-5. Concentrations of UDT in tuntsville Spring branch Seaiments,
Mile Segment U-2.5, Analyses during 1963-1975

Lite Mile marker uuT Dbt Uub DUTR vata Source
10-
12/63 2.5 43¢ 130 --- 5098 uSPh>
2.9 400 -—-- --- --- TVA
2.5 2,5u0 --- --- --- UsknS
Y/75 2.5 14.71 3.12  ld.o¢  32.4% uSPHS
v/73- "
3/74 2o 0.8 --- --- --- USPHS
12/77 V.36 yu - --- -—- USHERA
1.V 32.606 -—-- --- --- USAEHA
1.31 54.8 --- --- --- USAEHA
1977 1.7, 1.48- --- -—-- -—-- TVa
33.6
12/77 2.u 1.39 -—- - --- USALriA
1y77 2.9 32.5 --- --- -—- TVA
o/78 U --- --- --- 7.7 TVA(a)
U.55 --- --- -—-- 23.9Y TVH(a)
1.0 --- --- -—-- 9.6 TVA(e;
1.0 0.28 0.31 u.l9y u.7g tPA
1.4 2,040 --- -—-- --- TVala)
2.0 -——- -—- --- 2,940 TVA
2.5 --- - == 4 4gu TVA
AN 2,100 240 440 1,780 EPA
y/7s 57 22U 19 76 315 TVA(D)
1./(a) 0.35 2.0 76 76.35 TVA
1.7(b) <0.04 0.06 0.us U.1b5 TVA
1.7(c) 0.015 0.045 v.039 U.UYY TVA
¢.5 6.0 O.¢7 1.5 7.7 TVA

Note: (Concentration in ug/gm.

{a) Core = U-6"
(b) Core = b-12" .
(c) Core = 12-18"

Source: TVA, L1Y03; USPHS, 1Yb4; USPHS, i9Y75; USAEHA, 1977; TVA, 1977, [
TVA, 1978(a); TVA, 1978(L); EPA, 1978; TVA, 197Y(D). 1
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Table Il-6. Concentrations of DUT in Huntsville Spring bBrancn Sediments,
Mile Segment 2.6-5.b, Analyses during 1963-19/8

Date Mile Marker poT ODE DOL DUTR Data Source
10/63 2.55 432 136 --- 568 USPHS i
10/63 4.7 6,500 ——= R == USPHS
12/63 2.55 2,500 —== —os --- USPHS
3
12/63 4.7 13,400 - - - USPHS
Y/65 5.3 605. 84 384.00 1,847.05 2,836.89 USPHS
4.7 0.65 - co .- USPHS
12/77 4.0 39.8 - —ec --- USAEHA
4.2 19.5 - S .- USAEHA i
4.2 919 ——— oo S TVA |
4.3 5.11 .- S S USPHS
4.5 Y34- |
5,441 --- e —e TVA
4.7 1,865 == o --- TVA |
4.7 128.54 - == S TVA
5.3 18,434 s 3= oo USAEHA
5.6 0.38 —-- R --- USAEHA
y/78 3.0 %) 5.7 16.3 19.0 TVA
3.0 530 97 390 1,017 TVA
3.0 11 --- i = TVA
3.2 163 58 351 572 TVA
3.5 5.2 2.6 10 17.8 TVA
3.5(a) 910 430 2,200 3,540 TVA
3.5(b) 690 310 1,600 2,600 TVA
3.5(c) 530 640 2,800 3,920 TVA
3.5(a) 120 2.1 9.3 131.4 TVA
3.5(b) 0.30 0.29 1.1 1.69 TVA
3.5(c) <0.04 0.05 0.07 0.16 TVA
3.6Y 50 64 190 304 EPA
e % 0.49 0.75 2.5 3.74 TVA
3.7 0.079 0.05U 0.038 0.167 EPA
4.0 0.64 4.7 11 16.34 TVA
4.0 0.13 0.65 = 2.08 TVA
4.0 1,017 --- --- -a TVA
|
t
Il=13
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Table I11-6. Concentrations of DDT in Huntsville Spring Branch Sediments,
Mile Segment 2.6-5.6, Analyses during 1963-1978 (Continued,
page 2)
Date Mile Marker puUT DUE LoD DUTR Data Source
9/78 4.2(a) 63 12 54 129 TVA
4.2(b) 18 1.1 4.4 23.5 TVA
4.2(c) 5,700 360 1,700 7,760 TVA
4.2(d) 24,000 1,700 2,600 28,300 TVA
4.2(a) 12 4.4 12 28.4 TVA
4.2(o) 3 0.44 4.3 7.87 TVA
4.2(c) 490 2,000 410 2,900 TVA
4.2 1,280 230 880 2,390 TVA
4.2(c) 430 160 920 1,510 TVA
4.35(c) 820 62 190 1,072 EPA
4.5 700 110 490 1,300 TVA
4.5 27 5.7 1y 51.7 TVA
4.5 16.34 --- -—- -——- TVA
4.6 100 19 96 215 TVA
4.7(a) 940 97 1,100 2,137 TVA
4.7(b) 10,000 720 2,100 12,820 TVA
4.7(c) 5,000 250 1,200 6,450 TVA
4.7 0.81 --- -—- -—- TVA
4.7 116 20 135 271 TVA
4.7 0.20 0.16 0.45 0.81 TVA
4.8 <0.1 <0.1 <D.1 <0.3 TVA
4.8 1,500 180 490 2,170 TVA
4.8 0.1 -—- --- --- TVA
5.0(a) 2,300 670 4,300 7,270 TVA
5.0(b) 36 2.7 3.6 42.3 TVA
5.0(a) 2,900 660 2,900 6,460 tPA
5.0 62V 86 350 1,056 EPA
5.5 0.12 0.042 0.058 0.220 EPA
HSt Loop 75 10 52 137 tPA
Note: Concentration in ug/gm.
(a) Core = 0-6"
(b) Core = b-12"
{c) Core = 12-18"
(d) Core = 14-24"
Source: USPHS, 1Y64; USPHS, 1965; USAEHA, 1977; TVA, 1978; TVA, 1978a;

TVA, 1979b; EPA, 1978.
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themse lves varied from grabs with dredyes to coring uevices. However, no
significant trend with time 1s apparent in this data.

As might pe expected the highest levels of DDT are in Huntsville Spring
Branch sediments. Concentrations of UJTK over 28,000 uy/gm were reportea
in 1976 (TVA, 1979p). In uctouver 1977/, concentrations up to U.3p ppm t
were founa in the Tennessee River below Indian Creek (Table II1-7]).

1.3.3 Fish ana wildlife

Sporadic sampling of the biota has been one with the majority occurring
from the mid-1970's. Concerns during the first aquatic surveys carried
out in the lyou's originated from fish kills which appeared to oe in-
creasing in HSB and IC. In 1964 TVA conducted 1n situ bioassays with
fathead minnows. In an 18-hour test all fish died. Toxic effects at
this time were attributed to the discharge from the Stauffer caustic-
chlorine plant and the General Aniline and Film Corp. Anotner brief
sur/ey by USPHS in 1964 showed that below area 5000 where UDT and other
ingustrial wastes enter Huntsville Spring Branch the stream was devoid of
fish and bottom organisms.

Peak annual population estimates for a number of water birds, raptors,
ang mammals at Wheeler National Wildlife Refuge from 1943 to 197y are
presented in Tables [1-8 and I[-Y. Ueclines for several species occurred
during the periog ot the old DUT plant operation. For instance,
reductions i1 Uouble-crested Cormorant populations were observed in the
early 1950's. By 1963 the cormorant population at Wheeler had been
reduced to zero. Since 1973, the species has been reported again, thouyh
in mouest numbers (Huntsville Times, 1979). [t is not known whether this
or other obcerved trends resulted frum DUT contamination at Wheeler. AS
is discussed in more detail in section 5.4, areawide or regionwige trends
may significantly impact local populations, particularly for miyrating
species. .

In tay of 1964 the Patuxent Wildlife Research Center collected crows and ]
various mammals near the Arsenal. Analyses for UUT were made on muscle g
and fat tissue. Values ranged in bird muscle from 6.9 to 119.3 ppm in :
7 samples. As might be expected higher levels were found in fat with a ;
maximum of 1,602.9 ppm. Table 1I-10 presents tnese results. The sample .
size overdll was small, but the evidence for bioaccumulation clearly is H
apparent, 1

As evidence of long term effects of organochlorine compounds increased,
the surveys in the 1970's focused on OUT residues in fish and wildlife.
In September, 1970, the Alabama Department of Conservation reported DUT
residues in fish collected in Wheeler Reservoir and vicinity to be above 1
FDA limits of 5 ppm. Those species that exceeded the stanaara were 4
channel catfish, smallmouth bass and white bass. All species analyzed -
contained DUT. Bottom feeders, rough and sport fishes were included.
Fisn from Guntersville Reservoir and Pickwick contained uUDT levels
ranging to 2.97 ppm. In Wilson Reservoir the highest concentration was
observed in channel catfish and smallmouth bass. Levels of UUTK were
8.55 and 6.42 ppm, respectively {(see Table II-1l}.
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Table 1I-7. Concentrations of DDT in Tennessee River Sediments
(Values in ug/gm)

H
Mile Concentration in ug/ym Data
Date Marker obT it DLU ubDTK Source
7/77 112.5 0.001 0.002 U. 002 0.005 TVA(c)
193.0 0.002 0.003 0.002 0.007 TVA(c) i
283.0 0.0ub 0.0l1 0.006 0.023 TVA(c) :
294.0 0.003 0.004 0.003 0.01 TVA(c)
309.5 - 0.003 0.004 0.004 0.01  TVA(c) 1
10/77 272.0 ¢.01 0.03 u.02 0.06 TVA
277.0 <0.01 0.03 0.03 <U.07 TVA i
285.0 <0.01 0.ub 0.04 <0.11 TVA
311.0 0.04 0.04 0.04 0.1z TVA
320.0 0.12 0.10 0.14 U.36  TVA
11/77 333.U <0.01 <U.01 <0.01 <0.03 TVA
333.0 0-0.114 - - - ChIk
SE 0.49 - - - USAEHA
Causeway*
12/77 SE of 8.67 - - - USAEHA
Causeway
11/77 W of 2.49 - - - USAEHA
Causeway
NW of 2.30 - - - USAEHA
Causeway 1

*Wneeler Reservoir Causewdy - Designated as North-South Koaa across
Indian Creek near Mile 6.

Source: TVA, 1977; TVa, 1978(c); COIR, 1978(a) & (b); USAEHA, 1977
(Urinking Water Surveillance Program). |

Note: TVA, 1978(c) reports 7/77 concentrations as mg/g. Personal
Communication witn Jim Bobo 10/80 indicates concentration was
as ug/g.
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Table I11-15. ULUT Kesidues in Whole Fish Collected Getween 1977-79 (FODA)

Concentration in ppm

Species Location ouT 13 by DOTR
Multiple 1 TrM-322 0.58 4.11 5.93 10.62
Multiple 2 TRM-322 0 43.8 161.3 2V5.1
Muitiple 3 TKiM-322 0 1.9 3.15 5t
Multiple 4 TRM-32¢ 0 58.1 130.65 188.75
Multiple 1 TRi4-321 O 29.6 49,94 79.55
Multiple 2 TRM-321 0 16.5 29.2 45.7
Multiple 3 TRM-321 0 13.75 48.95 62.7
Multiple 4 TkM-321 0 15.45 48.95 64.4
Multiple 5 TKM-321 0 3.86 5.89 9.75
Multiple 6 ThM-321 0 5Y.35 119.15 178.5
Bass TRM-285 --- 0.23 U.24 0.47
Sauger TRM-2865 --- 0.16 0.u9 0.25
Sucker TRM-285 ~—- 0.15 0.0 0.4
Catfish TKI4-285 --- 2.42 1.27 3.69
Carp TKM-285 --- 0.17 0.16 0.33
Brean Tkit-285 --- 0.006 0.05 0.11
Carp TRM-273 --- 0.73 U.ol 1.34
Sauger TRM-273 --- 0.65 0.60 1.25
Catfish TkM-273 —-- 1.09 u.70 1.79
Catrish TkM-311 5.42 10.94 17.06 33.46
Bream Tki1-311 0 0.32 V.38 0.7
Carp TRM=311 0 U. 34 0.20 0.58
Bass TRM-311 U 1.54 1.14 2.08
Crappie TRM-311 U .42 0.60 1.0¢
Catfish TkM-320 0 y.18 11.75 20.93
Bream TkM-320 (] 1.84 2.61 4.45
Carp TKM-320 0 5.75 11.30 17.05
Bass TM=320 0 7.05 1¢.01 19.ub
dauger TRM-320 U 5.07 9.7 14.77
Catfish TRM-277 0 3.88 3.94 7.82
Sucker TRM-277 0.51 3.86 2.06 7.03
Crappie TkM-277 0 0.03 0.02 0.05
Bream TRM-277 0] 0.04 0.02 0.06
Sauger TRM-277 0 0.23 0.24 0.47
Bass TkM-277 U 0.78 0.65 1.43
Cattish Mallard Creek 0 3.77 5.62 9.39
Source: FUAn, 197Ya.

Note: In some cases 0UUT concentration was
value for LUT was shown.
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Table 11-16. LUT Kesidues in Ducks Lollected in Wheeler Wilalife Refuge

1978

Vate of Collection: UVate of Kesults:

22 Jan 78 21 Sep 78

DUTR_ppm

Gadwall Hen 1.55
Gaawall Lrake 90.83
Mallard Hen 94.60 .
wood Duck Urake 39.74
Mallard Hen 18.66
Mallard Urake 0.051
Mallard Lrake 32.43
Mallard Hen 0.28
Mallard Urake 2.45
Gadwall Urake 1.22
Source: U.S. Army, 14Y78.
Note: Whole body analysis.
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Table Ii-18.

From Triana, Alabama, January 197y

DuT-Kelated Compounas in Fresh and Frozen Fish Filets

Source anad Species Lab 00T LOv DUE DDTK
Frozen Freezer Fish:
Kednorse-Lanier cbC 0.13 0.41 0.6 1.1
TVA  <0.3 0.32 0.5 1.0 |
Buffalo-Malone cbC 0.8 62.5 21.6 84.9 |
TVA  <2.0 53.0 16.0 7.0 |
buftalo-Fietcher CuC 1.0 39.8 10.8 51.6 !
TVA  <2.0 27.0 8.7 36.7
Catfisn-Cauale cucC 14.8 201.b 58.U 274.4
TVA  1¢7.0 200.v 50.0 262.0 ]
White Bass-Fletcher cuc 0.2 2¢.6 7.7 3.5
TVA  <2.0 21.0 6.6 25.6
Wnite pass-Tinmons e 0.12 2.3 2.4 4.8¢2 ]
TVA  <U.3 2.7 2.4 5.25 i
Wnite bass-Vaughn LbC 1.2 43.0 18.1 62.3
TVA  <2.0 7.1 2.8 11.9
Fresh Fish:
bigmouth Butfalo coc L@ 76.8 3u.0 110.0
TVA <10.0 95.0 32.0 132.0
Carp cuc 3.9 152.4 58.2 214.5
TVA <10.0 99.0 3u.0 134.0
Smallmouth Butfalo coc 13.4 157.8 6.9 2¢8.1
Tva <10.0 98.0 29.0 132.9
Redhorse coC 0.0 11.6 7.5 19.1
TVA  <2.5 7.8 5.1 14.15
Shortnosed Gar CoC  10.3 321.1 118.6 450.0
TVA <10.0 150.0 45.0 200.0
Spotted Gar TVA <13.0 210.0 69.0 285.5

CUC=Center for Disease Control Laboratory.
TVA=Tennessee Valley Authority Laboratory

Note: Samples were splif between the two labs,
yar sample that was only analyzed by TVA.

Source:

TVA, 1979p; CULC, 1979,
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looplankton samples collected in the Tennessee River during late
summer/early autumn were dominated by cladocerans; rotifers and cyclopoid
copepods were also abundant. Phytoplankton samples collected in the
Tennessee River at the same time were mostly dominated by blue-green
alyae, with significant percentages of diatoms and green algae also
present. See appendix V for occurrence and abunuances of phytoplankton
and zooplankton taxa coullected in this study.

2.1.2 Huntsville Spring Branch and Redstone Arsenal Area

Huntsville Spring Branch--Huntsville Spring branch originates at a spring
Tocated off-site, within tne city of Huntsville, and runs through
Redslone Arsenal into tne Tennessee River. The stream occupies a mature
floodplain, which is largely inundatea due tc the Wheeler uvam. Toward
the lower end of HSbE, between Indian (reek and iSsM 1.4, tne water
inundates the tloodplain for a depth of several feet. There is no
aquatic or wetland vegetation here except for black willows and
buttonbushes scattered along the shoreline (see Figure [1-2). An algal
bloom was visually observed during the summer, 1979, field surveys.
Progressing upstream, the water becomes shallower and large stands of
buttonbush (Cephalanthus occidentalis) can be found. Some of the
buttonbush stanas are compfletely overgrown and dominated by climbing
nempweed, Mikania scancens. A few otner aquatic plants occur within the
buttonbush swaips, including Hiviscus militaris and Ludwigia sp. Muskrat
are abundant in these buttonbush swanps.

Upstream of HSBM 3.5, large stands of floodplain and bottomland swamp
forests occur. It is useful to consider tnese two nabitats as two ends
of a continuum defined by frequency and depth of inundation. The swamp
association is flooded to a 2 foot depth, for as such as a year, or
longer. This induces the characteristic buttressing of the bases of
swampland trees. The floodplain association is usually flooded only long
enough for stormwater surges. Since floouplain topography is not uni-
form, gradations between these two extremes exist. An example of this is
transect 1, (Appendix V1) where the ground is apparently too wet to
support the nore mesic floodplain species, and is not wet enough to allow
swamp vegetation to dominate. It is therefore heavily dominated by red
maple, which can occur anywhere along the wetland continuum. Transects 4
and 7, (Appendix VI) are representative of the floodpiain forest
association, while Transect 8, (Appendix VI) is representative of the
bottomland swamp forest.

The floodplain forests were found to be among the most diverse of the
forest associations on the KRedstone Arsenal, supporting at least 20
species of trees, (Appendix VI). They are dominated by green ash, red
maple, blue beecnh, American elm a7 hackberry. Ground and shrub cover is
sparse, and includes poison ivy, violets, peppervine (Ampelopsis
arbored), and lizard's tail (Saururus cernuus).

The bottomland hardwood swamp was found to be the leas{ diverse associ-
ation, ceing thoroughly dominated, where transected, by water tupelo,
Transect 8, (Appendix VI). Some of tnhe water tupelo are quite large, the
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Table 1:-25. Birds of the Wheeler National Wildlife Refuge

(Continued, Page 10)

1

COMMON NAME SCIENTIFIC NAME SP F W
Vesper Sparrow Pooecetes gramineus u GG
Lark Snarrow Chondestes arammacus r

Bachman's Sparrow Aimophila aestivalis r r
Jdark-eyed Junco Junco hyemalis u c ¢
Tree Sparrow Spizella arborea u u
Chipping Sparrow Spizella passerina ¢ C
Field Sparrow* Spizella pusilla (d BN @
Harris' Sparrow Zonotrichia querula X
White-crowned Sparrow Zonotrichia leucophrys u ol G
White-throated Sparrow Zonotrichia albicollis u cC ¢
Fox Sparrow Passerella iliaca u c c
Lincoln's Sparrow Melospiza lincolnii r r r
Swamp Sparrow Melospiza georgiana C c ¢
Song Sparrow Melospiza melodia u cC C
l.aptand Longspur Calcarius lapponicus r o u

1

& SP - Soring

S - Summer
F - Fall

W - Winter
~ abundant

- common
- uncommon
occasional
- rare

- accidental

x 5 O € O
]

* nests locally

Taken directly from USDI, 1979

11-56

REVISED APRIL 1984

R,




Table 11-26. Mammals Possibly Occurrina in the Wheeler National Wildlife

Re fugel

COMMON NAME

Opossum

Southeastern Shrew
Least Shrew
Shorttail Shrew
gastern Mole

Keen Myotis

Little Brown Myotis
Gray Myotis

Indiana Myotis
Silver-Haired Bat
Eastern Pipistrel
Red Bat

Big Brown Bat

Hoary Bat

Seminole Bat

Evening Bat

Eastern Big-Eared Bat
Mexican reetail Bat
Northern B8lack Bear
Raccoon

Longtail Wease:

Mink

River Otter

Spotted Skunk
Striped Skunk

Coyote

Red Fox

Gray Fox

Florida Panther
Bobcat

Woodchuck

Eastern Chipmunk
tastern Gray Squirrel
tastern Fox Squirrel
Southern Flying Squirrel
Beaver

tastern Harvest Mouse
0ldfield Mouse
White-Footed Mouse
Cotton Mouse

Golden Mouse

fastern Woodrat

Rice Rat

SCIENTIFIC NAME

Dipelphis marsupialis
Sorex longirostris

Cryptotis parva
Blarina brevicauda
Scalopus aquaticus

Myotis keeni
Myotis Tucifugus

Myotis grisescens .
Myotis sodalis
Lasionycteris noctivagans
Pipistrellus subflavus
Lasiurus borealis
Eptesicus fuscus
Lasiurus cinereus
Lasiurus seminolus
Nycticeius humeralis
Plecotus rafinesquei
Tadarida brasiliensis
Ursus a. americanus
Procyon lotor

Mustela frenata
Mustela vison

Lutra canadensis
Spilogale putorius
Mephitis mephitis
Canis latrans

Vulpes fulva

Urocyon cinereoargenteus
Felis concolor coryi
Lynx rufus

Marmota monax

Tamias striatus

Sciurus carolinensis
Sciurus niger

Glaucomys volans

Castor canadensis
Reithrodontomys humulis
Peromyscus polionotus
Peromyscus leucopus
Peromyscus gossypinus
Peromyscus nuttallii

Neotoma floridana J
Oryzomys palustris
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Table 11-27. Endangered, Threatened and Special Concern Plants Possibly
Occurring on Wheeler National Wildlife Refuage

ALABAMA FEDERAL
SPECIES FAMILY STATUS! STATUS2
Trillium pusillum Liliacear £3 NL
Panax quinquefolius Araliaceae E NL
Neviusia alabamensis Resaceae 3 NL
Carex purpurifera Cyperaceae T NL
Trillium erectum var. sulcatum Liliaceae T NL
Leavenworthia torulosa Brassicaceae T NL
Stylophorum diphyllum Papaveraceae T NL
Athyrium pycnocarpon Aspidiaceae SsC NL
Lycopodium flabelliforme Lycopodiaceae SSC NL
Ophioglossum engelmannii Ophioglossaceae SSC NL
Orchis spectabilis Orchidaceae SSC NL
Plantanthera peramoena Orchidaceae SSC NL
Cotinus obovatus Anacardiaceae SSC NL
Jeffersonia diphylla Berberidaceae SSC NL
Gvmnocladius dioica Fabaceae SSC NL
Oxalis grandis Oxalidaceae SSC NL
Actaea pachypoda Ranunculaceae SSC NL
Anemona caroliniana Ranunculaceae SSC NL
Veronica_anroallis - aquatica  Scrophulariaceae S9C NL
Valeriana pauciflora Valerianaceae SSC NL

erom Freeman, et al., 1979.
2uso1, 1979b.

3E=Endangered; T=Threatened; SSC=Species of Smecial Concern; NL=Not Listed.
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Table 11-28. Endangered, Threatened and Special Concern Invertebrates
Possibly Occurring on Wheeler National Wildlife Refuge

SPECIES

ALABAMA FEDERAL

ST

ATuS1 STATUS?

Arthropoda: Crustacea
Palaemonias alabamae

Mollusca: Gastropoda
Marstonia olivacee

Mollusca: Bivalvia
Pegias fabula
‘Ouadrufa c. cylindrica
Fusconaia cuneolus

Fusconaia cor
Fusconaia barnesiana

Lexingtonia dolabelloides

Plethobasus cicatricosus

Plethobasus cooperianus

Pleurobema clava
Pleurobema oviforme

Pleurobema plenum

Hemistena lata
Ptychobranchus subtentum

Dromus dromas
Actinonaias 1. ligamentina

Actinonaias pectorosa
Oboraria subrotunda

Oboraria retusa

Potamilus laevissimus

Toxolasma 1. lividus

SSC NL
PE NL
PE NL
£ NL
£ £
£ NL
11 NL
E NL

PE

PE
PE NL
E NL
E E
E NL
1 NL
£ £
PE NL
£ NL
£ NL
PE NL
£ NL
NL
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Table 11-28. Endangered, Threatened and Special Concern Invertebrates Possibly
Occurring on Wheeler National Wildlife Refuge (Continued, Page 2)

ALABAMA FEDERAL re
SPECIES STATUS! STATUS? .

Mollusca: Bivalvia

Toxolasma cylindrellus 3 13 ]
Medionidus conradicus E NL
Villosa fabalis E NL
Villosa t. taeniata E NL
Lampsilis orbiculata §sC E
Lampsilis ovata E NL
Epioblasma triquetra t NL
Truncilla truncat: T NL
Epioblasma brevidens T NL
Cumberlandia monodonta SsC NL
Plethobasus cyphyus B SSC HL
- . Ptychobranchus fasciolaris SSC NL

1From Boschung [ed.], 1976.
%From USDI, 1979b.

3E=Endangered; T=Threatened; SSC=Species of Special Concern; NL=Not Listed;
PE=Possibly Extinct or Extirpated from Alabama.

Lt

11-62

REVISED APRIL 1984




this species can tolerate the present high levels of pollution in
Huntsville Spring Branch. The Olive Hydrobiid may well be extinct.

The 21 species of bivalves listed were drawn from Stansbery (In:
Bosciung, et al., 1976. Most of the species have a range or habitat
description listed solely as "Tennessee River System", so it is
impossible to accurately determine the presence or absence of these taxa
within the project study area. However, most have been collected only a
few times, often only before the extensive system of TVA dams were
installed on the Tennessee River. These dams, plus cultural pollution
(eutrophication, siltation), are frequently cited (Stansbery, 1976) as
the causes of the extinction or extirpation of Alabama's extraordinarily
large unionid fauna. Since all three factors are pronounced within the
study area, it is unlikely that any of these bivalves exist there today.
None were collected in the macroinvertebrate surveys of Indian Creek,
Huntsville Spring Branch, and the Wheeler Reservoir adjacent to the
Redstone Arsenal.

Four sensitive taxa of fish (see Table [[-29) are found in the area in
and around the Redstone Arsenal. The Tuscumbia darter, Etheostoma
tuscumbia, occurs in several springs and their spring runs surrounding
the Redstone Arsenal, although it has not been collected within
Huntsville Spring Branch or within the Arsenal. The flame chub,
Hemitremia flammea, is moderately common north of the Tennessee River,
typically inhabiting limestone sgrings and their runs, ncluding several
surrounding the Arsenal. [t has been extirpated from Huntsville Spring
Branch, however, and it is not now known to occur anywhere within the
Arsenal. The southern cavefish, Typhlychthes subterraneus, is an
obligate troglobite (cave dweller] found in subterranean waters in the
Tennessee and Coosa River drainages. "Outside Alabama it has the most
extensive range of any North American troglobitic fich" (Ramsey, In:
Boschung, 1976). It has been found in Muddy Cave. The whiteline
topminnow, Fundulus albolineatus, "probably extinct as a species, is
known only from specimens captured in (Huntsville) Spring Creek" (Ramsey,
In: Boschung, 1976).

The hellbender, found over a large area of the eastern United States,
occurs in Alabama only in the Tennessee River System. Although it has
not been collected from the Arsenal's waters, it occurs in the nearby
Flint River and Walker Creek. It prefers large, free-flowing streams
with rocky bottoms and clear water (Mount, In: Boschung, 1976).
"Impoundment, channelization, and pollution are detrimental to hell-
benders" (Nickerson and Mays, 1972). It is therefore not likely to occur
within the project area. In Alabama, the Tennessee cave salamander,
Gyrinophilus pelluceus, is known from several caves in Jackson, Madison
and Limestone Counties. However, it has not been collected from within
the Arsenal.

In Alabama, the range of the eastern spiny softshell, Trionyx spiniferus

spinigerus, is the Tennessee River System. It may not occur within the

Arsenal, since its "optimum habitat is a free-flowing creek or stream ‘
with a sand-ground bottom. The impoundment of the Tennessee River
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Table 11-29.

Endangered, Threatened and Special Concern Vertebrates
Possibly Occurring on Wheeler National Wildlife Refuge

SCIENTIFIC NAME

COMMON NAME

FISH
Etheostoma tuscumbia
Hoemitremia flamnea
Typhlichthys subterraneus
Fundulus albolineatus

AMPHIBIANS

Cryptobranchus a. alleganiensis

Gyrinophilus palleucus

REPTILES
Alligator mississippiensis
Trionyx spinferus spinferus

BIROS
Aquila chrysaetos
Haliaeetus leucocephalus
Pandion haliaetus
Falco peregrinus
Dendrocopos borealis
Floridz caerulea
Mycteria americana
Nycticorax nycticorax
Accipiter striatus
Accipiter cooperi
Buteo lineatus
Falco columbarius
Thryomanes bewickii
Limnothlypis swainsonii
Aimophila aestivalis

MAMMALS
Myotis grisescens
Myotis sodalis
Ursus a. americanus
Felis cancolor coryi
Sorex 1. longirostris
Myotis a. austroriparius
Myotis T. Tucifugus

Myotis keenii septrionalis
Fiecotus rafinesquii
licrotus o. ochrogaster

Tuscumbia Darter
Flame Chub

Southern Cavefish
Whiteline Topminnow

Hellbender
Tennescee Cave Salamander

American Alligator
Eastern Spiny Softshell

Golden Eagle

Bald Eagle

Osprey

Peregrine Falcon
Red-cockaded Woodpecker
Little Blue Heron

Wood Stork
Black-crowned Night Heron
Sharp-shinned Hawk
Cooper's Hawk
Red-shouldered Hawk
Merlin

Bewick's Wren

Swainsons Warbler
Bachman's Sparrow

Gray Myotis

Indiana Myotis

Northern Black Bear
Florida Panther
Southeastern Shrew
Southeastern Myotis

Little Brown Myotis

Keen's Myotis

Rafinesque's Big-ecred Bat
Prairie Vole

ALABAMA FEDERAL
LISTINGY  LISTING®
13 NL
$5C L
$SC NL
SSC NL
T NL
$5C NL
T £
$SC NL
3 NL
E 3
£ NL
3 NL
£ 3
$5C NL
$SC NL
$SC NL
$SC NL
$SC NL
SSC NL
$SC NL
$SC NL
SSC )
$SC NL
3 £
£ £
£ NL
£ 3
$SC NL
$5C NL
$5C NL
(5 NL
&t NL
$SC NL

Lerom Boschung, [ed.], 1976
2erom USOL, 1979b.

.

3E=Endangered; T=Threatened; SSC=Species of Special Concern; NL=Not Listed.
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throughout its lenoth in Alabama has been detrimental to the eastern
spiny softshell, and there are no recent records of the species fram the
Tennessee River." (Mount, In: Boschung, 1976).

The Golden Eagle, Aqui.a crysaetos, is seen rarely in Alabama in the
winter. It does not breed in Alabama. It inhabits wila country, especi-
ally mountains and large forests. It eats a variety of rodents and large
birds. Its rarity in Alabama is attributed to illegal shooting (Keeler,
In: Boschung, 1976).

The Bald fFagle, Haligeetus leucocephalus, once was common in the
Tennessee River Valley, nesting there in the summer and even wintering
there. MNo rccent nests, however, have been found in Alabama. Fish are
its main food, supplemented by carrion, smail mammals, birds and snakes.
Its decline is attributed to pesticides, illega! shooting, and harassment
(Keeler, In: Roschung, 1976).

The Osprey, Pandion haliaetus, was formerly a fairly common breeding bird
in the Tennessee Valley. [t has been rare during the past decade, and,
although it has appareatly been making a slow comeback since DOT was
banried, it still does not breed in the Tennessee Valley (Keeler, In:
Boschung, 1976). This sSpecies feeds entirely on fish, making it
especially susceptible to DDT poisoning.

The Peregrine Falcon, Falco peregrinus, rare in Alacama in winter and on
migration, formerly bred along the Tennessee Valley. It feeds primarily
on birds, especially waterfowl and chorebirds, thus exposing itself to
pesticide poisoning. This is the factor blamed for its catastraphic
decline. No recent breeding records are known from Alabama (Keeler, In:
Boschung, 1976).

The Little Blue Heron, Florida caerulea, is a resident cf the watlands
within the Tennessee Valley, including the project area. This species of
special concern, a semi-aquatic wading bird, feeds mainly on frogs,
crayfish and small fish. Being exposed to the DDT contamination, it may
be accumulating DOT. :

The Sharp-shinned Hawk, Accipiter striatus, is a locally common,
permanent resident of the northern portion of Alabama, and winters
throughout the State. It feeds in open woodlands, primarily on small to
medium-sized birds, but occasionally takes mice, ‘rogs, lizards and
grasshoppers. Pesticides are given as the probable reason for its
decline (Keeler, In: Boschung, 1976).

The Cooper's Hawk, Accipiter cooperi, was a common, year-round resident
of Alabama, especially 1n moderately wooded areas. It feeds primarily on
birds, but will aiso eat rabbits, rodents, amphibians, reptiles and
insects. This species also appears to be declining, probably due to the
use of pesticides (Keeler, In: Boschung, 1976). .

The Red-shouldered Hewk, Buteo lineatus, "was the most common and wide-
spread of all soaring hawks in Alatama until about 1970. Since then the
population has experienced a rapid decline....Habitat destruction and
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pesticides are factors influencing the declining population" (keeler, In:
Boschung, 1Y70). o
g

Bewick's Wren, Thryomanes bewickii, breeds uncommonly in the Tennessee
River Valley ang the mountains of Alabama. Its numbers have oeclined
drastically tnroughout the Southeast since 195%5. The cduses are pooriy
understood, although, since it feeds primarily on insects, pesticides may
nave been a factor. Hhabitat changes do not appear to be a factor in the
aecline. Horth Alabama is on the periphery or its range (Keeler, In:
Boschung, 1976).

Swdinson's warbler, Limnothlypis swainsonii, 1S an uncomuon summer resi-
dent n the Coastal Flain and Tennessee Kiver Valley of Alabama. It
teeds primarily on insects. It breeds in river swamps, particularly
where cane (Arunainaria) grows. The project area, particularly along
nuntsville Spring Branch, contains significant amounts of this habitat.
However, recent evidence indicates the Alapama population is too thinly
disperseo for individuals to find mates and breed (Keeler, ln: Boschung,
1976). Also, insects do not appear to be very abundant along runtsville
Sprinyg Branch, as evidenced by aquatic macroinvertebrate data, and by
direct field observations.

Bachman's Sparrow, Aimophila aestivalis, is a permanent resident every- i
where in Alabama where there 1s suitable habitat, which is dry pine and '
scrub oak woods, particularly tne dry ridges (Keeler, In: Boschung,

1976). This habitat does not occur within the project” area.

The Black-crowned Hight Heron, Nycticorax nycticorax, is an uncommon,
year-round resident of the area (USUI, 1979a). Tts main food is fisn,
but it will also feed on a variety of insects, small rodents and
reptiles, amphibians, and aquatic crustaceans.

The Merlin, Falco columbarius, 1S an occasional autumn and winter visitor
to the area (USDI, 19/9a). It feeds primarily on small biras up to the
size of pigeons, and will also eat small mammals and large insects
(Keeler, In: Boschuny, 1976).

The American alligator, Alligator mississippiensis, apparently did not
originally inhabit the project area. However, several saurians
(alligators or tropical caimans) have been sighted at the Wheeler Refuge.
These dare believea to be released pets {Speake and Mount, 1974).

Two species of endangered mammals are known to occur on the wheeler
Kefuge (atkeson, Personal Communication, 197Y), and thus possibly in the
study area. These are the gray bat, Myotis grisescens, and the Indiana
bat, Myotis sodalis. Uf critical concern to the.gray bat are suitable
maternity caves, of which there are two in northern Alabama. Neither ]
cave is located on Keostone Arsenal property (Uusi, 1976). The oistri-
bution of the Indiana bat in Alabama is not well docunented. both feed
over water on insects. C(ommercialization ot caves and cave vandalization
are cited as the primary causes of their cecline.
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2.3 ubULULY AND PHYSTUGRAPHY

A considerable amount of general information has been drawn together in
the publication "knvironmental weology and Hydrology, Huntsville and
Maaison County, Alabamd", published as Atlas Series 8 by the Geologicdl
Survey of Alabama in 1975. This publication states “The hills east of
Huntsville dominate Madison County's topography. These uplands are the
Appalacnian plateau - part of the Appalachian Mountains. The western
edge of the area, tne Cumberland escarpment, joins with the interior Low
Plateaus area at its pase-the flatter, rolling lands of Madison County".
There are some pronounced hills or small mountains within the Arsenal
property, which are comprised of rocks that have not erodeu away.

The grouna surface is generally underlain with unconsolidated soil
materials which are generally transported accumulations resulting from
rock weatnering and depositea by an ancestral stream. Near Huntsville
Spring branch arm of Wheeler Lake, these materials generally lie on the
Tuscumbia Limestone which averages 150 feet in thickness. This is under-
lain by the Fort Payne Limestone which, because it contains beds of
chert, is usually czlled the Fort Payne thert. The formation is gener-
ally 155 to 185 fret thick. It is principally the limestones which serve
as the aquifers in the area.

Tne unconsolidated surficial materials (called Regolith), transmit some
water, but less freely than do the underlying limestone members, where
the water generally moves through solution passages, mostly located along
fracture Ilines.

Much, if not all, of the area is karstic, which is defined as "an
irregular limestone region with sinks, underground streams, and caverns”.
This condition is caused by the dissolving-away of calcium carbonate and
other minerals from the rock by the water that has been flowing in
passages through the rock. Over geologic time the result is subsidence
features such as sinkholes, or even declines in the earth's surface
elevation over large areas which lead to the development of aimless
internal drainage patterns to the underground aquifers rather than a
ubiquitous pattern of surface drainage out of the area by organized
stream patterns.

The construction of surface impoundments on the land surface in karst
terrains can lead to new sinkhole collapses due to the increased loading
on the Regolith caused by the weignht of the water. The resulting new

sinkholes may provide a source of groundwater contamination, as older
sinkholes often do.

2.4 HYDROLUWY
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area public or private water supplies were contaminated with LUT
(including its analogs) or heavy metals. Tuis report concluded that
“None of the potable water supplies investigated during this study were
found to be contaminated with VUT or its metabolites. However, low
levels of other pesticides were detected at sone of tne water supplies."

In a later survey, EPA (1980) reported detectable DUTR in 21 of 21 wells
located in four areas of Redstoue Arsenal. Concentration patterns
indicatea uniform widespread contamination not related to old UUT plart
site or disposal areas. Sample contamin tion prublems were suspected.

2.5 CULTURAL RESUURCES

In the project area, two distinct settlement zones may be definea for the
prehistoric period:

1) The Tennessee River Valley zone
2) The Upland Settlement zone

The differences between occupation of tne zones are dramatic and pertain
to every time period subsequent to the Paleo-Indian era. Uuring soine
periods, such as the Archaic and Woodland, settlement occurred in both
zones, although the types of sites and exploitation strategies in each
aiffered. Uuring tnese periods, river valley and upland occupation was
characterizea by a shifting settlement pattern, but as a whole encom-
passed a single settlement/subsistence system.

Tne pattern of human use of the area around Huntsville Spring Branch
begins with fragmentary evidence of Paleo-Indian occupation, primarily as
hunting camps or other limitea activity, near the most reliable water
sources in the area.

During the Archaic period, the uplands were exploited to a limitad
degree, with small temporary encampments located on swamp margins ang
near small streams in the interior. Larger, more stable base camps were
located in the Tennessee River Valley. This pattern of shifting
settlement probably reflects alternating periods of population aggre-
gation and dispersion with larger groups coming together at the River
Valley base camps and seasonally dispersing into small groups of nuclear
families to exploit the uplands.

Later, during the Woodland period, the River settlement zone continued to
be the area of maximum population with the appearance of large base
camps, mound and village sites, and isolated mounds. Exploitation of the
upland zone persisted with the presence of limited activity sites. How-
ever, a major change during this period was marked by large base camps in
the upland zone. The relationships between the upland base camps and
river valley mound and village sites remains to be explained.

In the Mississippian period, it appears the upland zone was shunned, but
river valley settlement continued with the development of mound and
village sites. It may be that use of the highlands in the form of
limited activity sites associated with tne river valley settlements may
lie outside the project area, or may contain artifacts not sufficiently
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unigue to be diagnostic of a Mississigpian occupation, or hay rot ve
detectable by present research methods.

Uccupation ot the project area during tne nistoric period consists
primarily of settlement by agriculturalists. Most of the sites are
former tarm nouses, and at several, the remains of the former structures
ano outbuilaing., are evident on the surface. Tnese sites are either on
or near to soil tuat is well-suited for agriculiture.

The sites in the project area are fairly abundant at about 17 discovered
sites per square mile. Analysis of environmental factors indicate that
the sites tend to cluster ia the following manner:

1) They tend to be on higner ground relative to the surrounding
terrain, with bottomland knoils particularly favoreo

2) They tena to be found between the 565 and 580 foot elevations

3) They teno to be U to ¢ meters above the nearest water source

4) They tend to be within 50 meters of a water source

5) They tenc to be on or near soils well suited for norticulture.
Thus we can conclude that the wheeler Basin is cnaracterized by an
intensive prehistoric occupation, and any eievatea knoll within a short

distance from water is likely to yield evigence of prehistoric activity.

3.0 YULTR DISTKIBUTION

3.1 DLUTK I SEDIMENTS

3.1.1 Indian Creek and Huntsville Spring branch

Introduction--5ign- icant contamination with DDTR resulting from past
wdste discharges from the Olin DDT manufacturing facility, occurs in the
sediments throughout both Huntsville Spring Branch anda Indian Creek. The
area of nighest contamination, however, is confined primarily to the
channel and near overbank downstream from the old waste ditch outtall a
distance of 2.7 miles to just upstream of Doda Road.

It is estimated that over 475 tons of DUTR as LUT is contained in the
segiments of the channel, overbank and ponded areas of Indian Creek and
Huntsville Spring Branch. Approximately 465 tons or 97.8 percent of the
total is containea within the sediments of Huntsville Spring Branch
between Uodg and Patton Koads. Unly 6.7 tons, or 1.4 percent of the
total, is contained in Huntsville Spring Branch from Mile 0 to 2.4, and
3.7 tons, or 0.8 percent of the total is contained in tne sedinments of
Indian Lreek. Less than 1 ton of UDTK as DUT is dispersed over the
floodplain to the south ano east ot Inaian Creek and Huntsville Spriny
branch.

A summary of the UUTK concentrations found in the sediments of Indian
Creek, Barren Fork Creek (BFC) and Huntsville Spring Branch is shown in
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The total surface area assigned to each transect as well as surface areas
in each of the above-mentioned hydrologic categories were determined for
toth left and rignt banks (facing downstream) in Inaian Creek ana
Huntsville Spring Branch using planimetric metnods and 1" = &00' scale
location maps.

Tne widtn along each transect in each hydrolngic class was determinea
from transect proriles supplied by TVA. Individual cores were then
classiried as to the hydrologic category into whicn they were located. A
surface area was assigned to each individual core as follows:

a = (A;)(b/b) l

a = surface area assiyned to core {
A; = surface area assigned to hydrologic category i
B'= width along the transect assigned to hydrologic category i
D = width along the transect assigned to an indiviaual core, in
hydrologic category i.

where:

The volume of sediment represented by each individual core deptn horizon
was then determined. Low and high estiniates were made as tollows:

0 Low Estimate--basec on the probe data provided by TVA, the
distance along each transect, in each hydrologic category assignea to
each core in each of the four deptn horizons: 0-6", 6-12%, 12-24", and
>24", was determined as follows:

v = a(ze/b)ad |
where: v = sediment volune assigned to core depth horizon, low
estimate
t® = total transect width in deptn horizon assigned to
core

#d = depth increment in horizon (6" was assumed tor >Z24"
depth horizon)

0 High Estimate--since the entire fliooaplain «f Indian (Creek -
Huntsville Spring Branch is underlain by alluvial and residual soils to
depths generally in excess of 20 feet, the interpretation of the probe
agata may be somewhat ambiguous. Thus, a volume ot sediment attributable
to each core based simply on the depth increment of each horizon was
determined as follows:

V = aad

where: V = sediment volume assignea to core, depth horizon, high
est imate.

The total quantity of each DDTK isomer attributable to each core-depth
horizon was determined as follows:

m=VyycC

where: m = massﬁbf the isomer attributed to volume represented by core
depth horizon

I1-9
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Vg * estimated unit dry weight of the sediment in the depth
horizon
c = isomer concentration, ppm.

Tne unit ary weight of the sediment in each depth norizon was calculatea
usiig the following equation and data supplied by TVA from laterally
composited, disturbped core samples:

Ys

Yd = —
W
Y
('T- ) S +1
where: W = moisture content
Ys = estimated unit weight of solids

- (1.03)(2.70)
F(Z.70-1.03)+1.03

f = volatile solids fraction

The areal distributicn of DUTR was calculated by summing over the depth
horizons and isomers as follows:

(m/a)DDTR =1 ZMYd c

UOTR and individual metabolite totals and subtotals were determined both
as straignt sums and as the equivalent weight of UDT. For ease ot isomer
and metabolite comparisons results are generally reported as DOUT. In
situations wnere reported results were below analytical detection limits
a range of values was determined assuming:

(a) all Tess than values equal 0.0, and

(b) all less than values equal the stated value (i.e., reported

detection limit.)

In genzral sediment DDTR levels in Indian Creek and Huntsville Spring
Branch were significantly above detection limits for most isomers, thus,
unless otherwise reported, only upper limits are reported.

In situations where isomer concentration data existed for a vertical or
lateral composite or subcomposite as well as for all but one individual
core in the composite, the isomer concentrations in the missing core were
determined as follows (see Table I1-34):

Cc = (W) -z ¢

c. = calculated concentration

W™= weight factor = number of cores in the composite
T = lateral or vertical composite concentration

¢ = individual core measured concentration.

where:

In areas in Indian Creek and Huntsville Spring Branch within the
influence of Wheeler Keservoir but not sampled in the course of this
study, concentration and depth of contamination had to be estimated.
vata was derived either from previous survey information (TVA, 1977) or
estimated from samples taken in the course of this survey (see

Taole 1I-35).
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General Extent of DUTK Contamination--Surficial sediments in the channel,
overhbank, ponded and floodplain areas of Indian Creek-Huntsville Spring
Branch contain DDT residue levels ranging from <1 1b/acre to

>47 tons/acre as LUT. Figure II-15 i1llustrates the extent of the UDTR
contamination in HSB upstream of Mile 1.5 and downstream of Patton Road.
As this figure illustrates, the most highly contaminated areas occur
dewanstream of the old waste ditch outfall a distance of approximately
1.5 mites and within and 25u-50C feet on either side of the main stream
channel. DDTR levels in excess of 5 tons/acre or over 5 orders of
magnitude above levels found in the agjacent flood ptain and upstream
channel sediments occur throughout this area. DUTR levels in the main
channel as far downstream as Uodd koad, 2.7 miles downstream of the old
outfall, exceed 0.5 tons/acre over much of the channel bottom. Channel
sediments downstream of Uoda Road in Huntsville- Spring 8rancn contain
DDTR at levels ranging from 0.001-0.5 tons/acre. Channel deposits in
this stretch appear to be most heavily contaminated in the shallower
areas which do not appear to be actively scouring. For example, at

file 1.7, three-quarters of a mile downstream of boda Road, the highest
DDTR levels in the channel occur in an area 50 to 250 feet to the left of
the cnannel thalweg at depths 2 to 3 feet shallower than the deepest
point in the channel where DUTK levels are approximately 17 pounds per
acre vs. 490 pounds per acre at the thalweg. Channel deposits in Indian
Creek downstream of the confluence with Huntsville Spring Branch contain
UDDTR Tevels ranging from approximately 2.2 1b/acre at the confluence with
the Tennessee River to over 0.5 ton/acre at Mile 5.0, 0.4 miles upstream
of the channel constriction at Centerline RKoad and 0.2 miles downstream
of the confluence with HSB.

The overbank areas within the HSB drainage basin are contaminated with
UUTR at levels ranging from approximately 0.002 to over 2 tons/acre. As
mentioned above, the most heavily contaminated overbank areas occur in a
strip 250 to 500 feet wide paralleling the main channel from approxi-
mately 1000 feet upstream of the old outfall downstream a distaace of
1.5 miles to below Mile 4.0. DUTK levels in this bana range from >0.05
to <2.3 tons/acre. The level of contamination, however, is inversely
proportional to the distance from the main channel. The lateral
distribution in this stretch does not appear to be symmetric wich respect
to the cnannel, with areas to tnhe south of the main channel contaminated
for greater distance than those to the north, reflecting the broader
wigth of tne floodplain and overbank to the south. Uownstream of

Mite 4.0, overbank areas do not appear to be nearly as heavily
contaminated with UUTK, witn levels in the range of <1 to 23 lb/acre.
These levels are comparable to those found in Indian Creek downstream of
mile 3.0.

Off channel ponded areas in HSB which are inundated-at normal pool stage
in Wheeler Reservoir, generally contained UUTR levels 5-1U times those
found in adjacent overbank areas. OUTR leveis generally range from

4-8U 1b/acre, although at Miles 3.u and 3.5 levels in excess of

200 1b/acre were observed. Nevertheless, all ponded areas sampled in the
course of this study contained LJTR levels 2-3 orders of magnitude lower
than those observed in the adjacent channel deposits. Although no
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off-channel cores were obtained in Indian Creek in the course of this |
study, previous surveys indicate that a similar relationship occurs
between ponded and adjacent channel DDTR levels (TVA, 1977).

With the exception of floodplain areas within 0.5 miles of the old waste
ditch outfall, surface (0-6") soils within the floodplain of Indian Creek
and Huntsville Spring sranch generally contain UDTR levels below }
1 1b/acre. DUTR levels in BFC are on the order of <10 1b/acre. These

areas contain a relatively minor portion, i.e.<< 1 percent, of the total

DUTR contaminating the sediments of IC-HSB.

The vertical distribution of the DUTK in the channel and overbank areas
is dependent upon the distance from the old waste ditch outfall.

Figure Il-1lb illustrates the DDTR sediment concentrations at four cross-
sections in HSB, at Miles 5.0, 4.5, 3.5 and at Mile 1.7, 0.4 miles
downstream of Dodd Koad. Upstream of Mile 3.5 evidence of significant
DUTR contamination at depths >24" exist. Although there is some indica-
tion of highly contaminated sediments being covered by less contaminated
deposits, this does not appear to be a significant process as over

57 percent of the UDUTK ir the channel sediments upstream of Uodd Koad
occurs within 12 inches of the sediment:water interface. {

P,

As mentioned above, of the estimated 475 tons of DUTK contained in the
sediments of IC-HSB, 465 tons or over 97 percent is contained within the
2.7 mile stretch of HSB between Dodd Roaa and Patton Koad. Of this
total, 333 tons or 70 percent resides in the channel bottom deposits,
136 tons or 2Y percent residges in the overbank sediments and the
remaining 2.2 tons or <1 percent of the total occurs in the off channel
ponded area sediments (see Table 11-36).

= i i e

The longitudinal, lateral, and vertical distribution of DDTR in the
sediments of HSB upstream of Uodd Koad exhibit a somewhat complex pattern
as a result of repeated transport and deposition. Although 29 percent of
the UDTK upstream of Lodd Koaa occurs in the overbank areas outside of

| the main channel, at least 131 tons or over 96 percent occurs within

200 feet of the channel. Furthermore, over Y9 percent of the total DDTR
in the overbank occurs upstream of Mile 3.5. Nearly 124 tons or

91 percent of the total DUTK in tne overbank occurs within 12 inches and
over 99 percent occurs within 2 feet of the surface.

Figure II-17 illustrates the relationship between the mass of DOTR and
the associated volume of sediment in channel, overbank and ponded areas
of IC and HSB as well as the overall mass-volume relationship. Removal
of +99 percent of the DDTR contaminated sediments from IC and HSB would
require the displacement of one million cubic yards.

E Uver 73 nercent of the DDTR contaminating the surficial sediments of the
{C-HSB system occurs within only 0.12 million cubic yards in the channel {
and near overbank areas of HSB between Miles 4.0 and 5.4. This volume of |
sediment constitutes only 3 percent of tne total volume of DLDTK

! contaminated sediment in the IC-HSB system. The next 20 percent of the
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Table I1-3b. Mass Uistribution of DUTR in the Sediments of Indian Creek
and Huntsville Spring Branch as a Function of Hydrologic
Category, August 1979
Hydrologic Category
Channel Overbank Ponded Total
~ Tons Tons Tons Tons
Location Deptn as Dul as buT as DOT as buT
HSBM 2.4-5.6 0-6" 82.2 71.4 1.¢6 155 !
6-12" 104 52.0 0.10 156 '
12-24" 1ue 12.7 0.14 115 :
>24" 39.1 0.21 NEGL 39.3 3
Overall 327 136 1.50 465
HSBM 0-2.4 0-6" 4.2 0.22 0.15 4.62
6-12" 1.65 0.06 NEGL 1.71
1¢-24" 0.34 NEGL NEGL 0.34
>24" 0.03 NEGL NEGL 0.03
Overall 6.27 0.28 0.15 6.70 :
ICM 0-5.0 0-6" 1.40 0.14 0.57 2.11
6-12" 0.69 NEGL NEGL 0.69
12-24" 0.85 NEGL NEGL 0.85
>24" 0.04 NEGL NEGL 0.04
Overall 2.98 0.14 0.14 3.09

NUTE: Includes estimated data.

NEuWL = Negligible

11-10% REVISED APRIL 1984
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UDT residue contaminates an aaditional 0.17 million cubic yaras. Just
under Y9 percent of the DUTK is associated with approximately 1.0 wmillion
cubic yards of sediment, the bulk of which occurs in the channel and near
overbank deposits in HSB upstream ot the confluence witn IC and
downstream of the old waste ditch outfall. Tne next U.75 percent of the
LUTR contaminates a volume of sediment approximately equal to the volume
contaminated by 99 percent of the total DUTR.

Physically, the surface sedirents throughout mos* of Indian Lreesx and
Huntsville Spring Branch range trom clay to clay loam to sanay clay.
Channel sediments throughout wost of Indian Lrcek downstream of the
confluence with HSB are clays witnh over 7% pei-.ent fines, Sediments in
HSB exhibit greater variation in general than those in IC. fNevertheless,
the distribution of DUTR in the sediments of botn IC and HSk does not
appear to correlate closely with any of the physical characteristics of
the sediments.

Nearly 67 percent of the total DUTK in the sediments of IC ana hdSB, or
318 tons. occurs as eituer the o,p~ or p,p-isomner ot ULT. The remaining
157 tons exists as one or the other of the wetabolites, VUL or DLE.
Uverall, DUD is the primary metabolite, constituting over two-thiras of
the metabolized fraction or 113 tons. mpproximately 4¢ tons occurs as
DVE, the other major metabolite.

Tne distributional patterns ot DDT and each of the metabolites are all
dif ferent from each other as well as that of the sum, i.e., DDiK. The
relative concentration of DUT is related to the total DUTK concentration.
Higher relative UUT concentrations are correlated with higher UUTR con-
centrations as snown in Figures [1-18 tnru [1-20 for channel, overbank
and pondea area sediments.

Figure I1-21 illustrates the relative contribution of DUT and each of the
major metapolites to the total UUTR in the surface U-b" sediments as a
function of distance from tne outfall. UUT constitutes by percent of the
DOTR in HSB upstream of ULodd Road, 45 percent downstream to the conflu-
ence with IC and only 27 percent of the DDTR in Indian Creek. In HSH
upstrean of Uodd Koad at depths >24" over 80 percent of the DUTR is DUT.

Figure I11-22 illustrates the relative contributions of DUT and the
metabolites, as well as each of the separate isomers, in the surface u-6"
sediments along the sampling transect at HSb tile 4.2, The relative
distribution of each of the metabolites across this transect follows a
pattern analogous to that of the longitudinal distribution, with DDT
constituting most of the DuTK in the heavily contaminateda channel and
near overbank sediwents, witn DLD and finally Uut preduminately as one
moves to areas further from the heaviest contamination. This figure also
jllustrates tie relative distribution of the o,p- and p,p-isomers. In
general it appears that the p,p-isomer is predominate regardless of the
metagolite.

3.1.¢2 Tennessee Kiver and Tributaries

A sumsary of DUTK concentrations in sediments in the Tennessee River and
tributaries is shown in Table [1-37. Uetectable gquantities of DUTR were
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found in three of the seven tributaries in amounts ranging trom 0.0Z to
0.17 ppm. Considering "less than" valuc:i, ihe maximum amounts that could
have been present were 0.11 to 0.22 ppm. If no isomer was detected, the
UDTR detection limit was generally reported as <0.14 ppm.

Samples were taken in the Tennessee River from mile 260 in Wilson
Reservoir to Mile 375 in Guntersville Keservoir. Detectable quantities
of DUTK were touna in all nine samples from TRM 206U to TrkM 30U. The
average actually detectea was 0.08 ppm with a range of U.05 to 0.1U ppm.
Considering "less than" values these levels could be as much as .18
(0.16-0.19) ppm.

No DUTR was detected in either of the two sediment samples taken in
Guntersville Reservoir at TRM 350 and 375. Nor was UDTR aetected in
either of the samples taken at TR 320.8 and 325 in Wheeler Reservoir
upstream of the confluence with IC.

The DOTR was estimated for Wilson Reservoir, wheeler Keservoir

(TRM 275-30U), Limestone Creex, Paint kock River, and Spring Lreek. No
estimate was made for areas where no [UTK was detected. The amount of
UUTR was calculatea assuming a six inch depth of sedaiment, medsurad
moisture and volatile solids fractions, bottom area at high pool (i.e.
elev. 55b) measured LUTK values ana the calculation procedure described
in Section 3.1.i. The results are as foliows:

Total DuUTK, 1bs

Wilson Keservoir > 8UU <1,780
Tennessee River ¢75-300 >2,790 <3,880
Paint Kock River > vu.y < 1Y
Limestone Creek > 34 < 134
Spring Creek > 45 < 8l

3.2 UISTRIBUTIUN OF DUTK IN WATEK

The quantity of DUTK suspended or dissolved in the water column 4t a
given instant is a relatively minor fraction of the total quantity of
DOTR in the IC-HSB-TR system. For example, based on the range of DOUTR
concentrations observed, in Wheeler Reservoir ana its major tributaries
during the course of this study, inctuding IC and HSB, less than 1 ton of
DUTR as DULT is likely to ever be in suspension at a given point in time.
If the DUTR were uniformly agistributea, nearly 0.3 tons would have to be
in the water columns to reach analytical aetection limits reported in
this stuagy.

Maximum DUTR concentrations observed during tnis study occurred at HSL at
Vodd koad during storm event sampling on 1/18/80. A total DUTR concen-
tration of 17.5 ug/) as LULT was observea, of which over 8U percent was
associated with suspended material >lu. DUTK levels measured in the
waters of tnhe TK and tributaries were generally below or only slightly
above analytical detection (imits. This fact, couplea witn tne
relatively small data base precludes nore precise estimate of DUTR i1 tne
water column.

11-11% REVISED APRIL 1584
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3.3 BIUTA

3.3.1 Plankton

The inclusion of inorganic particulates in both the phytoplankton and
zooplankton samples made separation of these components impossible.
Therefore, the amount of DUTR in suspended solids was used and the reader
is referred to Section 3.2 for this information.

3.3.2 DUTR in Macroinvertebrates

The macroinvertebrate UUTk values are reported based on a unit weight of
organism (™g DUTR/gm organism). The total weight of organisms in the
sample is reported also but no indication is given of how much bottom
area was sampled. Examination of the field notes shows that grabs at a
single station varied from 1 to 9. This data has been used to estimate
the amount of DUTR in the benthic community in the HSB-IC system and in
Wheeler Reservoir. Because of the wide difference in DOTR concentra-
tions, the areas have been divided and the DUTK in macroinvertebrates
estimated separately for each area. The total OUTR in macroinvertebrates
is calculated using the total area of the reach in question, the weight
of macroinvertebrates in a sample, and the average DUTK concentration in
the reach.

The results are as follows:

1bs. DDTR
Huntsville $pring Branch Z.
Indian Creek 1.3
Tennessee River Mile 275-340 .40
TOTAL 14.3

3.3.3 Vertebrates (Except Fish)

Samples were collected from various vertebrates in the study area. These
were turtles, snakes, Green Herons and Wood Ducks. A separate report by
the Patuxent Wildlife Research Center (0'Shea, 1980) documented levels in
Mallard ducks, crows, and two species of rabbits. Uther small mammals
(shrews and muskrats) were also assessed for the DUTR level. There are
no available population estimates for these species, $o only ra2lative
amounts can be calculated. For the purpose of this se¢ction, the amount
of DUTK in birds and mammals will be estimated with the following
assumptions:

1) The level of DDTR employed in the calculation is based on the
maximum mean value;

2) The biomass for birds is an estimate considered to be a con-
servative value; and

3) The overall estimate of UUTR in the vertebrate population is
based on the area of Wheeler National Wildlife Refuge.
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For migratory birds, approximately 50,000 ducks ana 30,000 Canada yeese
utilize tne Kefuge during the winter period. Utilizing a 4 ppm UUTR
level tor Mallard ducks as the pase residue amount (U'Shea, 1980); and an
average weight of 5 pounds per Dirad then watertowl populations of this
size would contain l.o pounds of DUTk. If tne assumption is made that
all other bira species cantain the 4 ppm UUTR, then per

100,00V inaividuals (1 pound average) the amount would be 0.4 poungs.

The amount of DUTK in birds at a very con<ervative estimate 1s about

2 pounds.

In manmals, an estimate of 25 pounds o1 biomass per acre is considered
appropriate (Marion, 1980). Tne Wheeler Wildlife Kefuye contains

37,648 acres. Analysis by TVA shows that snrews contained the highest
level (52 pom) in the Huntsville Spring Branch area. Using tnis concen-
tration at lu percent of the per acre biomass ana 90 percent at 1 ppm,
then the amount of UUTR in wWneeler Kefuge incorporatea in the mammal
population is b6 pounds. This amount is considered a high estimate and in
actuality the level is probably lower.

3.3.4 DDTR in Fish

Because of the many variables involved it is not possible to obtain a
precise value for the total amount of DUTK in Fish in Wheeler Reservoir.
The average standing crop of fish has been estimated fron 5b samples
taken from 144Y to 1979 by TVA to be 504 pounds per acre. This number
has ranged over the years ana by location in the reservoir from 118 to
115U poungs per acre. Also, the average LUTk value for all fisn species
is not known since only 3 or 4 species have been tested to any extent.
Nevertheless, 1t the assumption is made that the stanaing crop throughout
wheeler Reservoir is 504 pounds per acre and tnat the average UDUTR
concentration across all species is 1 ppm, tne total amount of DDTR in
fish in Wheeler Reservoir {including tributaries) would be 34 lbs. If
the average DUTK concentration was assumed to be 10 ppm, a figure that
should be an upper limit, the total amount of DUTE in fish would be

340 pounds.

3.4 OVERALL DISTRIBUTIUN UF DUTR

The overall distribution of DDOTK in the study area is as follows:

Tons Percent of
Substrate Location of DOTK Total
Sediments IC and HSB 475 9y.4
Sediments Tki4 275-300 1.4-1.9 0.29-0.40
Sediments Wilson Res. 0.4-0.9 0.05-0.18§
Sediments Uther Tk Tribs. 0.04-0.12 0.008-0.025
Water Wheeler Res. <U.3-1 <0.063-0.21
Fish Wheeler Kes. 0.017-0.17 0.004-0.036
Macroinvertebrates Wheeler Res. 0.0v7 V.00l
Mammals Wneeler Refuge 0.003 0.001
Birds wheeler kefuge 0.0ul 0.001
TUTAL 477-479 100
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4.0 ENVIKUNMENTAL TRANSPURT Uk DUTK

4.1 PHYSIUAL THANSPUKRT OF DUTR
4.1.1 Introauction

Fluvial transpo:: cppears to Je the major process dispersing the UDTk
contamination occurring in tne sediments of H>b and IC througn the
biospnere. ULULTk is currentiy ceing transporteu out of tne IC-HSb
drainage basin at a rate of U.31 to 1.3 tons per yedr, or 0.0U7 to

0.3 percent per year of the total quantity contained within the sediments
ot the IC-nSH system.

4.1.2 Methodology

In the course of this study a consigeranle data base relating to the
transport ot UUTK witnin and out of the IC-hSb urainage basin has been
generatea by TVA. An extensive network of hyarologic and water quality
monitoring stations was establisned upstreanm aru agownstreamn of the area
of highest DUTK contamination and an intensive fiela sampling program was
carrieg out trom August, 1979 tnrough April, 1ysU. The locations of the
rain gauge, Stream gauging stations, water quality sampling stations ana
bedloaa sampling stations used in tne course of tnis study are snown in
tigure 11-23.

A1l rain gauge and staye records were supplied by TVA for the period of
record. Streamflow data was obtainea from Tield notes also supplied by
TVA. Suspended soligs data tor size fractions passing a lu (nom.) glass
fiber and retainea on a U.4bu nembrane filter; passing a b3u sieve ana
retainea on a lu (nom.) glass fiber filter; and retained on a 63u sieve,
were supplied by TVA. Volatile suspenaea soiias data tor fractions
passing a 63u sieve and retained on a giass fiber Tilter; and retained on
a 63u sieve were also suppliead by TVA. UUT residue data tor tractions
passing a lu (nom.) glass fiper filter (i.e.,"aissolved/suspended") and
retained on a lu (noin.; glass fiber filter and passing a 63u sieve (i.e,
“suspended" ) were also supplied by TVA.

A screening procedure was developed to determine thne primary factors
arfecting the transport of DUTR within and out of the [C-HSH drainage
system. Tnis proceaure utilizea the CURR (Correlation Matrix), STEPWISE
(Stepwise Regression) and GLM (General Linear Model) procedures of SAS
(statistical Analysis System) (SAS, 1979). Tne first step involved the
identitication of those factors airectly or indirectly affecting the
fluvial transport of UUTR. Tnose factors igentifiea, and quantified to
the extent possible, included: v
sampling location

aiscnarge

mean cross sectional velocity

season
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relative position in the runoft hydrograph (i.e.,rising or falling)

event related parameters, including the sampled event,
the type of event (i.e, headwater flood or tailwater flood), ana
event anticedent conditions (stage, streamflow and rainfall
related)

‘suspended solids load, and

volatile suspended solids load.

fach of the individual metabolites, UDT, DLLD and DDE as well as the
total UUTKR load were treated as dependent parameters. A separate line of
model development was tollowed for both the “"suspended" and
“dissolved/suspended” UUTK components. All less than individual isomer
concentrations, as well as missing values, were assumed equal to zero.
tor ease of metabolite and between location comparisons, all metabolites
as well as total DUTK were convertea to equivalent weight as DUT. Al11
VLTK concentrations were converted to loading rates and the logrithmic
transformation employed in subsequent analyses.

The sampling location was heated as a class type variable so that the
observaticns from each of the sampling locations could be pooled in the
model building process, thus reducing somewhat the impact of site
specific sampling protocal errors.

Discharge data was obtained directly from field notes. A1l reverse flows
(i.e., streamflow in an upstream direction), as well as streamflow data
which was deemed to be biased low because a significant overbank flow
component had been neglected, were treated as missing values in the
subsequent analysis of the data. A correction was applied to measured
streamf low data utilizing a second order curvilinear interpnlation
procedure in order to account for unsteady streamflow conditions and the
time lag between discharge measurement and water quality sampliny. The
logrithmic transformation of the corrected discharge was eaployed in
subsequent analys=as.

Mean cross-sectional velocity at the sampled cros:, section at the time of
UDTR water quality sampling was calculated from the corrected streamflow
data and a stage-cross sectional area relationship derived for each
sampled cross section. The logrithmic transformation of velocity was
employed in all subsequent analyses.

Sampling was carried out during both summer (May-Uct) and winter
(Nov-April) seasons, the seasons being defined on the basis of Wheeler
Keservoir operations. However, problems encounter during the summer
sampling program precluded the utilization of this date in subsequent
analyses or the determination of its significance as a factor affecting
UDTK transport. All estimates of summer season DUTR transport,
therefore, are based on winter season sampling results.

Based on the evaluation of the streamflow data, the relative hydrographic
position at which an observation was made was classified as either
rising, falling or base flow. However, no base flow measurements were
obtained during this study.
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Streamflow event relatea parameters identified in this study incluged tne
event sampled, type of event and event anticedent conditions. The event
sampled was treatea as a class type variable to determine if a signifi-
cant component ot the error could be accounted for simply by event-event
sampling protocol. Kunoff events were classitied as either headwater or
tai -ater basea on wnether or not a significant component of the aown-
stream flow component was contributed by flow originating outside of the
IC-hsB drainage basin. The criteria employed in this classification was
whether or not the stage in tne TK at Whitesburg equalled or exceeded
elevation 564 feet MSL, the elevation of the saaale of the sill
separating the HSB drainage basin from the Unnamed Creek basin. kvent
anticedent cunaitions vased on inter-event baseflow periods, inter-event
low stage periods as well as inter-event rainfall periogs were examined.

Suspendea solids data was obtained for each of three separate size
classes; material retained on a 63u sieve representing sands, detritus,
etc., material retained on a lu (nom.) glass fiber filter and passing a
b3u sieve representing silts and mweaium and coarse clays; anda material
retained on a 0.45u membrane filter and passing a lu (nom.) glass tiber
tilter representing primarily fine clays. Meaningful partial sums as
well as total suspended solids were aetermined. All less than
concentrations were taken as equal to half the stated value. All
suspended solid concentrations were convertea to loading rates ana the
lugirithmic {ransformation employed in subsequent analyses.

Volatile suspended solids data was optaineo for each of two separate size
classes: material retained on a ©3u sieve and material passing a 63u
sieve dnd retained on a lu (nom.) glass fiber filter. Volatile suspended
solids was treated in a manner analogous to suspended solids data.

The general, rankeg correlation coefficient matrix of Pearson Correlation
coefficients was employed to determine which of the competing, redundant
predictive parameters were most closely correlatea tn UDUTK transport. Of
all the suspended solios and volatile suspended solids fractions
suspended (as well as aissolved/suspended) DUTR transport was most
closely correlated to the corresponding suspended and volatile suspended
solids transport (i.e., that portion >lu and <63u). Thus, only the
suspended and volatile suspended solids fractions in the size range >lu
ano <blu were employed in subsequent regression modelling. Similarly,
the type of event (i.  headwater or tailwater) as well as
rainfall-related antice nt event parameters were the only event related
parameters utilized.

The STEPWISE procedure of SAS was employed to determine the most
significant main effect and interaction terms to be employea in the
subsequent regression models. Finally, the GLW procedure was utilizea to
develop the final somewhat simplified empiricai model used in subsequent
data analysis.

Suspended and volatile suspended solids loading-streamflow relationships

were developed utilizing multiple regression techniques ang the sLM
procedure of SAS. Separate regression uodels were developed for each
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size fraction as well as for meaningtul partial and total sums. Sampling
location was treated as a class type varidable in a manner analogous to
that empicyed in modeling UUTK transpurt. |

An atteuwpt was mage to measure peaload UUTK ana solids transport at
selected locations in I{ and HSK. However, aS tnis component of both tne
total DUTK loaa as well as tne total suspended solias load was determinea
to be negligible, bedload sampling was discontinued during tne winter

f season samipling period.

4.1,3 Discussion

A sucmary of the seasonal streamtrlow auration relationsnips developed oy
TVA are shown in Table 11-38 and illustrated in Figures 11-24 through
[1-28. These relationsnips were developed neglecting reverse TIows.
Seasonal stage ouration relationships at Whitesburg, Tril 333.s5 tor tne
period of recora 1/1950 through 12/19/9 are illustrated in Figure 11-29.
A summary of "suspendeo" DUTK loading rate regression mogels for the LUT,
UbU and DUk metabolites as well as Total UUTK loading rates is shown in
Teple 11-39. The corresponaing reqgression mocels for the
"dissolved/suspendea’ UUTK loading rates are summarizeu in Table I1-4u.
The reyression moaels Tor the suspended solids ana volatile suspenueo
solids loauinyg rates are summarized in Table 11-41.

Predicted seasonal and annual suspenaeo anu volatile suspended solids
foads at each of tne sawpling locations are summarized 1n Tables 11-42
and [1-43, 1in seasonal ana relative t2rms, respectively. Also incluaea
in these cummary tables are the 95 percent contidence 1imits about the
predicteo mean values. baseu on these figures total suspencec sedinent
yield from the HSB drainage basin is not signiricantly ditterent fron
that ot the I( drainage oasin, i.e., 29-b4 and 39-70 tons/sq.mi/yr,
respectively. Suspenoed sediment yield from the IC/HSB drainage basin
during winter (Rlovember-npril) is over four times greater than during the
sumnier (May-Uctober). >ilts and medium ana coarse clays comprise over

9z percent of the total annual seoiment luaa at the moutn of IC, fine
clays comprise approximately 6 percent and sands the remaining Z percent.
The silt ana meaium and coarse clay component of the annual sediment loao
at Patton Road on HSB upstream of the highest UUTK contamination is about
88 percent, fine clays comprising less than ¢ percent ana sands over

10 percent of the total. In general, fine clay component of tine total j
sucpendea seaiment load, althougn relatively minor, increases in the
downstream direction whereas the coarser component of the suspendea
sediment load decreases.

As indicated in Table 11-39 the suspenged DUT« transport rate in tne
[C-HSE system 1S predicteo reasonably well, r=0.90, by considering
sampling location, discharge, the type of runoff event (i.e., headwater
or tailwater) ard the transport rate of the corresponding suspended
solids size fraction {i.e., <b3u anda>lu). Predicteg seasonal and annual
suspended DUTK transport rates throuyh ana out of the iC-hSB drainage
system are summarized in Table 11-44, ang illustrateo in Figures 11-30
through 11-32. These preaictions are based upon the emp® ‘caily deriveg [
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VUTK transport wodel, mean seasonal discharge as determinea from the
seasonal flow duration relationships, predicted seasonal suspended solids
transport rates as well as seasonal estimates of the frequency with which
headwater and tailwater events occur in the sampled reaches of tne IC-HSh
drainage basin. Also included in the suspended DDTR loaa summary tables
are approximate 95 percent confidence limits about the predictea mean
loadings. These intervals were developed by taking into account the
uncertainty in the estimates of seasonal suspendeq solids transport as
well as in the LDUTR transport model.

The transport rate of the dissolved/suspendea coumponent of the DDTK loaa
in the IC-nSB system is modeled by a somewhat simpler relationsnip tnan
15 the suspendeo DUTK component (see Tavles 11-39 and 40). Sampling
location, discharge and the volatile suspendea solids loaging rate (<b3u
ano>lu) predict the dissolvead/suspended UDTk transport rdate reasonably
well, r=0.93. Predgicted seasonal dissolved/suspended UUTR transport as
well as approximate Y5 percent contidence linints dre also sumnarized in
Table l1-44 ang illustrated in Figures 11-30 turougn [1-32.

4.1.4 Conclusions

Based on the figures shown in Table ll-d4, DUIK is currently being
transporteo out of the IC-HSB drainage basin by means of fluvial
transport processes at an average annual rate of U.e4 (0.31-1.3) tons per
year as UUT. 1In other woras, less than 0.13 (U.U7-0.27) percent per year
of the total quantity of UDUTK contained within tne sediment ot the I1C-HSI
systems are being transported tnrough ang from the system by means ot
tluvial transport processes. OUver two thirds of this load, or (.43
{U.23-0.8U) tons 1is transported during the winter season {i.e., November
through April) with the remaining 0.21 (0.09-0.50) tons being transportes
during the surmer months. The UULTK load to the Tennessee River 1is
approximately equally divided between suspended and dissolved/suspendea
tractions, i.e. 47 and 53 percent, respectively. As a result of low
velocities and the tine grained material comprising tne channel bLed 1in
the Tower reaches of HSB and IC as well as tne association of LUTK with
clay minerals, the bedload component of the DUTK load out of the [C-HS
drainage system is negligible.

An examination of the predicted ULUTK transport loadings indicates that
the net source ot the UUTk being transported through the IC-HSB system is
the stretch of HSY upstream of Uodd and downstream of Patton KRoads. DOTK
is being transported downstream of this location at an average annual
rate of 0.62 (0.25-1.6) tons per year as DDT. Approximately three
quarters ot this load, or U.47 (0.c0-1.1) tons, is transportea ouring the
winter months, a slightly higher percentage than that transported during
a comparable perioa out of IC. Hearly ob percent of the annual UUTK loan
transported past Uodo Koad in HSE is associdated with suspended material
<b3u ana>lu, as compared to 47 percent at the mouth of IC.

Less than 2 percent of the LUTK transported out of the I(-Hdb drainage
system derives from sources in the HSL basin upstream ot Patton koga ar
the area of heaviest DUTK contamination. Altnough data corresponding t
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that available in HSb does not exist for IC, the relative contribution to
the annual VOTK load exported to the Tennessee River from sources in the
IC drainage basin upstream of tne confluence with H5b is certainly less
than 6U percent and more likely on the order of about 3 percent.

I R M-J

Examination of the estimated confidence limits about the predicted mean
seasonai and annual fluvial DLTR *ransport rates indicates tnat the
suspended DUTKR loading rates downstream of Uoud Road could vary as much
as an order of magnitude. UDissolved UDTk loaaings can be predicted witn
somewhat greater confidence, and may vary over a range of about 1:5. A
greater degree of relative uncertainty exists in predicting UUTR loads at
Patton Road, HSBM 5.9 upstream of the area of heaviest GUTR
contamination. Adding to the uncertainty in estimating seasonal and
annual ODUTR transport rates from and tnrough the 1C-HSB system is due to
the fact that these estimates result from extrapolations of the
empirically derived models.

Examination of Figures 11-44 in which the seasonal, suspenaed,
aissolved/suspended and total DOTR loading rates are graphically
aisplayed along with attendant 45 percent confidence intervals indicates
that, althougn there is a significant increase in DUTKR transport between
Patton and Doda Roads in HSB, little can be stated with any dearee of
i confidence concerning UUTR deposition or resuspension rates downstream of
Uoda Road. Nevertheless, during the winter months there is an apparent
; decrease in the suspenczd UUTk load of 0.12 tons per year and an increase
of 0.08 tons per year of tne DDTK 1oad which is dissulved or associateaq
[ with fine clays or collpidal material or a net deposition rate of
L U.7 tons per y2ar in HSB downstream of Dodd Road and IC upstream of
Mile 0.Y. During the summer months there is an apparent net increase in
the DUTR transport rates of about 0.0Y tons per year downstream of Dodd
Roaa. un an annual pasis, approximately 0.U4 tons per year of suspenved
LDUTR is being deposited in IC-HSB downstream of Doda Road and an increase -
of U.ub tons per year of the UUTK load associated with fine clays, 1
colloidal material or dissolved. Thus, on an annual basis the transport
of UDUTR tarough the IC-HSB system downstream of the most heavily
contaminated stretch of HSB appear to be of steady state.

e

As indicated in Table ilI-45, DDD is the primary metabolite component of
both the suspended and the dissolved/suspended DUTR loads being j
transportea past all sampling locations. Nearly three quarters, ;
74 percent, of the total annual UDTk load exported out of the IC-HSB ]
system is DOD. The metabolite LDE and DUT are transportea in roughly
equal percentages, i.e., 14 percent DUE and 12 percent DUT, out of
IC-HSE. The metabolite distributions of the suspendea and : 4
dissolved/suspended DUTR loads are somewhat different. The relative DDE ' 1
and DUT components of the suspended DUTR fraction are 6.5 and 1.3 times 3
that of the correspondina dissolved/suspended DUTK fractions,

respectively. The metabolite composition of the suspended DUTK load

compares reasonably well to the average DUTR composition of the surface i
0-6" sediments in IC downstream of the confluence with HSH, i.e.

30 percent DDT, 41 percent UDD and 27 percent DUE. The greatest
deficiency occurs in the UUT component. The dissolved/suspended LOTR
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10ad appears to be deficient in botn the DUT ana (Ut components, relative
to the surtace seaiments in [C. The metabolite distribution of tne DUTR
1odd does not appear to vary significantly in the IC-rdt downstream ot
the most heavily contaminated stretch of hB.

4.2 tIULUGICAL TRANSPURT uF LUTK
4.2.1 Plankton

The transport ot DUT in an aguatic system will occur principally througn
sorption to particuliates. Tnese may be inorganic in nature sucn as clays
or bioparticulates of various size classes. An objective of the stuady
was to dgetermine the maynituce of DUTR transport by plankton. Lonsicer-
ing the waters of Inaian Creek dna Huntsville Spring Erarch as a point
source of UuTK to the main body of Wheeler Keservoir, a series ot
sanpling stations were set up to rdetermine transport by the plankton
comporient, Stations rangea along tuntsville Spring brancn from kile U to
2.9, and in Inadian Creek from Mile O to 4.6. Stations in the Reservoir
were locdatea apbove and below the confiuence of Inuian Creek.

As part 5.1 of this eppendix Shows, results are masked by tne inability
to separate plankton from inorganic particulates in the sampie. These
inorganic suspendea solids account for some of tne UUTR in tne sample.
The total suspendea s011d fraction was employea as a means of determining
movement of pesticide by this mechanism. TVA data show that tne UDTk
ascribed to phytopliankton began to rise at HSLi 5.37. This location is
inmediately downstream from the former waste ditcnh and represents a
heavily contaminated site. A peak was observed at rdBM 2.4 ana then
levels declined. based on arithmetic means the maximum anuount was

10.5 ug/gm. At HSBM U.0 the concentration had droupped to about naif this
level, At ICM 0.0, the entry of the creek waters to Wheeler Reservoir,
the cuncentration was 2.4 ug/gm and .21 uy/gm in two discrete September
samples.

Witnin the Reservoir the concentration was U.2 ug/gm on an average at
stations above anu below Incuian Lreek confluence.

Zooplankton collections exnibit 4 similar distribution pattern to

; phytoplankton. HBeginning at HSBM 5.Y increasing levels of LUTK were
cbserved downstream. A maxinum of 1,065 ug/gm occurred at HSBm 2.4 with
a gradual uecline to 332 at H>BM U.U. The concentrations are based on
arithmetic means of all sanmplies collected from September through Uecer-
ber, 1979. Indicn treek shows a distribution similar to that of HSB. At
mile point 4.6 an aveirage of 338.7 ug/gm was noted with a reduction to
45.1 uy/gm at It 0.0. In the Tennessee River levels variea from

0.17 ug/ygm to 4.o ug/gm witn the maximum at tne upper ard lower extremes
ot Wheeler Reservoir. As with phytoplankton, the varidtion in UuTk with
tie two creeks could be a function ot clays or other inorganic particu-
lates retained in the net and may not he a reflection of tne amount of
residue in zocplankton. Calculation of the amount transported by
suspenued solids has been inciudea in Section 4.1.1.
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Table I1-50.

DUTR Kesidues in Selected Biota within the Study Area
(Continued, page 2)

Collection Sample Type Average Total
Location Date (Species) (DUTKR (ug/g)
Tennessee River 3¢8.50 Hibiscus 0.007
Tennessee Kiver 359.00 L 0.004
Huntsville Spring sranch 4.50 10/18/79 Lemna-Spirodela 5.6U
Huntsville Spring Branch 5.60 uckwee 0.071
barren fFork Creek 1.20 9/24/179 Zooplankton 52.0
Huntsville Spring Branch 0.00 9/25/79 " 332.0
Huntsville Spring Branch 1.30 " 577.0
Huntsville Spring Branch 2.40 9/24/79 " 935.0
Huntsville Spring 8ranch 2.40 12/15%/79 ¥ 1,005.0
Huntsville Spring Branch 5.37  9/25/79 v 175.0
Huntsville Spring Branch 5.90  9/25/79 v 9.6b
Huntsville Spring Branch 5.90 12/15/79 E 1.70
Indian Creek 0.00 9/5/179 u 48.1
Indian Creek 0.80 12/15/79 i 3.03
Indian Creek 4.00 9/5/7Y " 190.0
Indian Creek 4.00 9/25/79 " 168.0
Indian Creek 4.60 1¢/15/179 = 339.0
Tennessee River 289.90 9/¢8/179 " 4.041
Tennessee River 3i5.00 9/25/179 . 0.507
Tennessee Kiver 345.00 9/21/179 " 0.173
Tennessee River 350.00 9/27/179 " 4.611
Barren Fork Creek 1.20 9/24/19 Phytoplankton 0.567
Huntsville Spring Branch 0.00  9/25/7Y " 5.68
Huntsville Spring Branch 1.3u  9/24/79 " 7.07
Huntsville Spring bBranch 2.40  9/24/7Y " 10.5
huntsville Spring Branch 5.30 9/25/7Y u 3.26
Huntsville Spring Branch 5.90  9/25/7Y e 0.250
Indian Creek 0.00 9/5/79 " 2.44
Indian Creek 0.0V 9/24/79 o 0.207
Indian Creek 4.00 9/5/79 . 4.15
Indian Creek 4.U0 9/24/179 = 3.311
Tennessee Kiver 289.9 9/28/179 s 0.200
Tennessee River 315.0 9/27/7y " 0.200
Tennessee River 345.20 9/27/179 " 0.200
Tennessee River 350.00 9/27/1Y " 0.200
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Table I11-48. Comparison of DUTK Concentrations in thannel Latfisn
Fillets i1 1979

Location April May July-uct.

u

| TRM=270 e 2.6 1.3
TRM~275 = 9.3 1.8
TRM=-280 I 10. 0.7
TkM= 285 2o b.7 -
TKM-290 s 9, 2.0
TKM-295 oo 3.5 1.9
TKM~300 --- 16. 12.%
TRM~ 305 65. 12.8 |
TRM~310 3. 1.2
TEM-~315 135 16. 9.1
TKM=320 70. Y.b
TKM-325 26.1 0.3 |
TKM=330 390 A 0.35
TKM~335 4.?3 0.35
Thm-340 --- 17.1 1.2
TrN-345 --- 1.9¢ 1.2
TKM~ 350 - 2.93 =
THiM= 355 --- 1.7 S

Concentrations in ug/g

TKM 270 in Wilson Reservoir
TRM 350-355 in Guntersville Reservoir
A1l other sites in Wheeler Reservoir

Unless otherwise notea all samples are six fish composites.
} Five fish composite

? Four fish composite
Three fish composite

Source: April and May data are from Tennessee Valley Authority (TVA,
1979b). July - Sept. data were collected as part of the |
current study (see Appendix V). :
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Table 11-52. Summary of DDTR Results of June-July 1980 Fish Survey

1 Compos ite Individual [ish Samples
Location Species Sample Average Range
TRM 275 cc 9.3 11 4.5-25
TRM 280 cC 8.5 8.0 5.5-13
TRM 285 cC 15 9.5 2.8-19
TRM 290 cC 15 13 3.5-22
TRM 295 cC 15 14 4,7-31
TRM 300 cc 9.0 11 3.0-18
TRM 305 cC 10 14 9.7-22
TRM 310 cc 9.2 9.2 3.8-17
TRM 315 cC 5.4 7.6 3.3-17
TRM 320 cc 120 120 13-360
TRM 325 cC 100 190 0.74-1100
TRM 330 cc 34 32 2-140
TRM 340 cc 25 33 1.5-180
FCM 5 e 50 45 10-150
LCM 3 cc 14 13 2-28
SCM 1 cc 5.8 5.0 2.6-9.1
TRM 280 SMB 6.4 3.9 2.3-6.8
TRM 290 SMB 12 10 3.4-21
TRM 300 SMB 6.3 5.0 1.3-10
TRM 310 SMB 4.3 4.0 1.4-6.1
TRM 320 SMB 25 24 0.43-48
TRM 3308340 SMB 0.89 0.95 0.25-2.5
TRM 285 LMB 0.38 0.36 0.11-0.80
TRM 345 LM3 2.1 2.4 0.35-7.4

Concentrations in ug/g
CC=Channel Catfish, SMB=Smallmouth Buffalo, LMB=Largemouth Bass.

Six individual fish were taken at each sampling location. All analyses
were in fillet samples.
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data on smallmoutn buffalo incicate that this species 1S contaniinatea
particularly at ana downstream of I(. Uata on largemouth bass showed
lesser overall contamination levels out some individual fish uad
relatively nigh QUTR levels.

5.3.2z Method of Contamination

Clarification regarding both the source and unechanism ot LUTR contamina-
tion of fish in the Tw is important in assessing any proposed clean-up
plans. Several possibilities exist: 1) DUTR in tne Tk could be coming
from the IC~HSB system ang possiSly other sources, ¢} Fisn in the TK
could be becoming contaminated due to low level concentrations of DDTR in
the water and/or sediments of the 1, 3) Fish in the Tk coula be becoming
contaminated due to migration in and out of tne I1C-HSB system.

Sediment analyses clearly show the [C-HSE system as being a major source
of UbTK. Further, 11 has been shown tnat at least some DUTR is being
transportea out ot the IC-HSB system to tne TK. Seaiment ana water
analyses for the TK and tributaries indicate no other significant source
of DU7R. The only ingication of another source of significant LUTR
contamination is the elevatea UDUTk levels in fish sampled in

July-August 198y from Flint Lreek Mile 5. io explanation for this is
known. Thus, the best evidence seems to be tnhat the HSB-IC system is a
major source of contamination ang possibly the oniy significant source.

The mechanism of contamination of fish 1in tne TR is important not only

in understanding the present situation but also in predicting the
effectiveness of any clean-up procedure. Of particular importance is
whether contamination is occurring by migration of fish from IC and HSB
or in situ due to exposure to very low levels of DDTR in sediments ana/or
water.” An examination ot the pattern of contamination for ingividual
fish in the June-July 1980 survey gives some inaication of the mechanisms
involved. Below IC from TKM 315 to 275 (9 samples) the average DDTK in
individual channel catfisn was 10.8 ppm with a range ot 2.8 to 3i. Uf
the 54 individual tisn from this area, 44, or 81 percent, hac DUTK levels
greater than 5 ppm. At TRM 320 (1 mile from the mouth of IC) all fisn
hag DUTR levels above 13 ppm. Above Inoian Lreek (TKM 325-340)

50 percent of the individuals had UUTK levels greater than 5 ppm. Thus,
a more consistent pattern of contamination was touna below IC in tne TK.
Above IC the variation in DUTR values between individual tish was much
greater than below IC. The isolated occurrences of very high values
(>100 ppm) suggests an upstream migration from tre IC-hdB area.

Further evidence of possio'e mechanisms involved can be obtainea by
examining the low values at each location. Below IC from TRM 315 to 275
the average of the lowest value founu at eacn location is 4.5 ppm UUTK
whereas above IC the lowest values average 1.4 ppm ULTK. This suggests
that there 1is sufticient UUTK in t' e TH downstream of IC to produce a
base level of contamination in chainel catfisn very near the FUA limit.
Upstream, base levels are much lower and contamination by migration is
indicated.
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TVA nas conducted fisn tagging ana movement studies in wheeler Keservoilr
(TVA, 1Y7€g). >Sufticient recoveries were made for six species to relate
gistance from release point as a function of time siunce release. A
sunmary of the data is as follows:

bistance trom Kelease Point after 50 Days (miles)

Species 0% of Fish > 5% or Fish >
Channel cattish 7.6 13.9
Blue catfish 4./ N7l
Flathead catfish 5.8 8.4
Wwhite crappie 8.6 21.2
White bass 22.7 38.3

For all spec’~s except tlathead catfisti, 5 percent of the population
would pe expected to be more than 12.7 miles from the release point after
50 days. Tne white crappie and white bass moved Tonger distances than
the caitfish.

Tnus while there is some evidence to su,.port the hypothesis that
migration is contrituting to contamination upstream or ]J(, evidence also
exists that, downstream of IC, DUTK in tne Tennessee River is
contributing to fish contamination. >ix sediment samples from wheeler

Keservoir (TkM 275-300) and three samples from Wilson weservoi

(Tkm 260-270) all containea low but detectable amounts ot Ul The
highest DUTH concentration detected was only 21 percent above analytical
detection Jmmits., Sediment samples upstream of Indtan Lreek (TR 325,
35U, and 3/5) nad no detectable puTr I'h suggests that the source of
the DLTK 1s [C. However, data on tatal Lule In water t mmplicate |
as the sole source of DUTR., In July-August 1%/Y tive samples of nea
bottom waters ftrom TR /0 to 350 snowed no DUTk wever, 1n

becember 1974, a second sampling showed det table anount f total UL

n near bottom waters (U.UB to L.Y ug/1) in 7 of U samples witn 4 of tne
positive samples coming from above 1C.

The higher base levels ot UUTK in channel cattish below IC indicate some
in situ contamination in that area. 5Some laboratory work has been done
n an attempt to understana the uptake mechanisms invglved. Macek and
Korn (1970) studied LUTK uptake from food and water by fingerling brook
trout ana concluded that food was the most significant UUTR uptake route.
However, iurphy (1971) using tne mosquito tish, Lambusia, reported that
direct uptake of DUT from water 1s of considerable Tmportance especially
tor small fish. In a later stugy on fathead minnows Jarvinen et al.,
1976, concluded that the DUT bioconcentratior, factor from water was
10,000 whereas it was only l.z from fooa. If tre 100,000 bioconcentra-
tion factor is valid for fish in the 1k, a weter concentration of

0.05 ug/1 would be sutficient to produce o 5 ppm level in fish. A

U.U5 ug/1 level in water is very low, below the analytical aetection
limit utilized in the current survey.
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ant Oruwin, 1971).

aquatic insects.

5.4 BIRDS

Stuaies in Oklanhoma snowed that catfish less than 300 mm. long fed
primarily on invertebrates while larger sizes were piscivorous (Jearla

walourg (1975) noted that catfish 15-19 mm. long ted

primarily on microcrustacea ana larger fish ate both microcrustacea and

Fish larger than 35 mm. fed primarily on insects. The

preferred species were chironomids and inmature mayflies. both these
forms inhabit sediments.

At present there is insufficient information available to fully explain
either why cnannel catfish seem to be more contaminated than other
species tested or precisely how the contamination occurs.

; Analyses were conaucted to ascertain the level of DUTK in selected biras

inhabiting tnhe study area.

Those species were Lreen tierons and wooad

Uucks which are local residents and therefore reflect, 4t ledst in a
| relative sense, acute exposure to tne pesticige.

of this report).

fowl utilizing the Wheeler Refuge.
ing at the Kefuge migrate from as far north as Untario and impaired
reproduction caused by DUTR is likely (0'Shea, et al., 1950).

of biota in the study area.

Table 11-4b is a summary of data showing the amount of residue expressed
as means in vertebrates (excluaing fish) collected in the study drea.
fiean DUTK values for individuals inhabiting the Huntsville Spring
Branci-indgian Creek environment were higher than for ingividuals from

{ other dreds. Green Hercns rreom Huntsville Spring Branch and Tkbk 330 had
4.3 and 2.5 ppm which was almost an order of magnitude higher than levels
| in herons from the renainder of the study area. (UDTKR cencentrations tor
ureen hHerons are believea Lo be biasea low--see (uality Assurance Section

Wood Ducks snowed a similar pattern. Two collections

of wooa Duck eggs on Whecler Wildlife Kefuge containea an average of U.Z
and 2 ppm of DDTR.

The Paluxent Wildlife Research Center, a part of the Fish and Wiladlife
Service, has been concerned about DUT contamination of migratory water-
They indicate that waterfowl winter-

Personnel from the Patuxent Kesearch Center have made recent collections
Mallara ducks had geometric mean and maximum

UDTK values of 4.0 ana 48U ppm tor carcass samples; 0.67 and 150 ppm for
bata from tne National Pesticide Monitoring Program on

muscle szmples.

—
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duck wings shows high residue levels in samples from Alabema. Fleming
(1980) reports on DUTKR in mallard wings collected during the 197§-1979
season. Wwing pools from Limestone and Madison counties which include
Wheeler Keservoir had residues that averaged 10.8 and 18 times higher
respectively than tne combined average of all other (Alabawa) couunties
surveyed. These results are presented in Taonle [[-52.

Crows were also included in these recent Fish and Wildlife Service
samples and contained geometric mean and maxinum DUTR cuncentrations of
4.0 and 48 ppm respectively in muscle tissue. 0'Shea et al. (1y80)
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Table 11-53. UuTk ig mallard Wings from Alabama 1978-79 Hunting
Season
LUTK Concentration, ppm wet keignt
lnunature Immature Agult ACUlL
County Statistic Female Male Female Male
Lauagerdale Mean v.3 -—- V.31 ---
Colbert N 1 --- 1 -———
Lawrence
Limestone Mear 0.95 1.04 u.02 7.1
N 2 i 4 1 3
Madiso: lean 3.43 4.54 --- t.09
" Z YA - 1
Jackson Mean U.52 --- 0.33 U.44
Marshall 4 1 --- 1 Z
Morgan
Green lean -—-- 0.48 --- --
Suniter N --- Z --- --
Choctaw
Clarke tiean 0.0s3 .02 uv.u7 u.17
wilcox N 1 1 1 p4
Washiington
Mooile piedan --- 0.ub - 0.1Y
baldwin Iy - 1 --- 1
N. County Pool  Mean U.61 0.127 0.69 ---
I 1 3 2 ---
S. tounty Pool  mean 0.08 -—- u.7 ---
N 2 --- 1 ---
Contr0152 Mean L.u7 - --- ---
N 5 --- --- ---

1; ach sample consisted of § wings.

Z¢ontrol wing pools were comprised of wings from 5 juveniles, without

regard to sex.

Suurce:

Wings were obtained from pen-raised wmallards.

Fleming (1980)
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interpret this data as indicating a potential for greater effects higher
in the food web of species in the Wheeler Refuye especially in fish
eating birds. These authors cite tne decline of the Double-crested
Cormorant at Wheeler Wildlife Kefuge (see Section 1.3.3 for population
trends).

However, Wheeler Wildlife Refuge personnel nave indicated that popula-
tions of the Double-crestec cormorant have been increasing in recent
years (Huntsville Times, 1Y7Y). The reason for the success of tnis
species may be a combination of factors. There is qualitative evidence
from Wheeler Refuge personnel that the increase in numbers of the
Double-crested Cormorant is related to a decrease of exposure to LOT.
There is also some evidence that the resurgence of tne species is a
phenomenon occurring in the midcontinent of the United States. Fopula-
tions of cormorants have been low for years in this section of the
country and have been on the "Blue List” pubiisned by American Birds for
this reason. {This list publisned annually includes species of birds
which appear to be aeclining in number, either in species range
proportion or regionally.).

In reviewing the Blue List for past years, regional popuiation trends are
revealed about cormorants. Thne Blue List for 1477 (Arbib, 1Y4706) states
that delisting was favored by coastal region respondents, while strong
sentiment remained in the midcontinent for retention. At that time it
was stated that inland pesticide pollution had been a factor in
population aeclines while marine breeding cormorants were not so
affected.

In 1978 (Arbib, 1977) the species was retained on the Blue List but
observer opinions were markedly geographic. Those along the eastern
seaboard and west coast were unanimous in favor of deletion; the mid-
continent was virtually solid for retention.

The following year (Arbib, 1978) the same regional differences were
apparent. “Nesting season reports seemed to suggest an improvement in
the tfortunes of this species, which would seem to contradict the 58
percent of observers now favoring retention. Strongest for retention
were Untario, Niagara-Champlain, middle western prairies, and northern
Rocky Mountain regions. MWest of the great plains no region favors
retention."

The current 1980 List (Arbib, 1979) contains the Uouble-crested Cormorant
with a statement sayinyg the species continued to show declines in some
areas and modest to good gains elsewhere. The greatest support for con-
tinued listing came from the midwestern prairie region, nowever the Great
Lakes region reported that the species was "doing very well currently.
Numbers dare up and increasing each year. Most significantly, breeding is
Up."

Mr. Dan Bystrack (1980) who is in charge of the Breeding bird Survey at

the Migratory Bird and Habitat Research Laboratory at Laurel, Maryland
feels that part of the population declines for tnis bird is related to a
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disposal sites. Similar studies by Chen et al. (19/8) using laboratory
columns 1naicated that levels of DUTK in T°nal leecnate were at concen-
trations less than 1 ppb. Parallel fielo studies at an inactive dredged
material dispnsal site conducted by the same investigators snowed
non-detectable UDUTK levels in the liquid phase of dreagea materials and
underlying soils, regaraless ot their organic content.

utner 1nvestigatiouns of DUTK migration into the water column from
contaminatad sediments ana during actual or simulated aquatic disposal
confirm the strong tendency of DUTR to remain associated with the solid
ptiase in an aqueous medium., burks and Engler (1978) reportea that no
soluble chlorinated hydrocarbun pesticides were found at the detection
Jimits (0.0l ppb) during simulated aquatic disposal tests pertormea in
laboratory columns. Krizek et al. (1976) reported DUTR concentrations of
U.o> ppb in supernatant water oveérlying dredged slurries with an average
of about 10U ppo DUTR. A similar stuay by Krizek et al. (1973) showea
ULTR councentrations of 1 to 2 ppb in water overlying dreaged material
with UUTk concentrations ranging from 20 to 200 ppb. tlutriate tests on
rtouston ship channel seaiments centaining 12 and 34 ppm of o, p' and p,
p' ULOT isomers, respectively, showed elutriate concentrations of the
isomers less than 2 ppt (Lee et al. 14975). Similar resuits were reported
for sediments sampled at various locations throughout tne United States,
regardless of their organic contents.

tlutriate tests on HSB ana IC cnhannel sediments, pertormed under lask 4
ot the TVA workplan shcwed much higher UUTK concentrations in the
elutriate than did the studies cited above. tlutriate total LUTK
concentrations tor 1b sediment samples taxen from HSE ang IC ranged from
0.57 to 465 ppb, with a mean of 7Y ppb. No significant correlation
£xists petween elutriate and sediment DUTK concentrations for those
samples. The hiigh elutriate concentrations are a result of botn high
concentrations of UUTR in the seaiments and fine-grain suspendeo seaiment
passing the glass tiber filter ana remaining suspended after centrituy-
ing. DUTK reported in the elutriate is associatea with these suspended
fines, as the solubility of DUT in water is only about 1.2 ppb. Though
the elutriate test gives no quantitative indication of the concentration
of DOTK to be expected in the water column near or downstream from the
dgredge, they ao indicate the potential for significant suspension of
fine-grain segiments and LUTK ‘into the water column during dredying and
the need for minimizing that potential.

In a study conducted by McCall et al. (1979), tne mobility of DOT and
various other chemicals in soil was correlated with soil sorption
cuvefficients of the chemicals. Soil sorption coefficients were estimated
using reverse phase high performance liquia chromatography (Swann et al.
1979). Data from laboratory column leaching tests were used to dcve]op
the following mathematical relationship:

K = 1
273
K (1-F2/ )dg

where . . cm. moved by chemical
cm. of water entering sotl
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ug chemical/g soil

kg = sorption coefficient = g chemical/g water,

f = pore fraction of the soil, and
dg = bulk density of the solids.

The scil sorption coefficient, K,, was observed to increase with
increasing percentages of fine-grained material and organic matter in the
soil. Sorption coefficients for DDT were given for three soiis, all of
which nad significantly lower percentages of organics ang fine-grained
material than the sediments in HSB or IC. The smallest of the three
given sorption coefficients was selected to give a conservative calcu-
lation of maximum leaching potential of DDTR from material dredged in

HSB and IC or contained within HSB. Using the value of 1,070 for K,, <
soil pore fraction of U.35, and a bulk density of 2.65 for soil solids, K
was determined to be 7.006 x 10-4. Thic indicates that in order for

VOT to migrate 1 inch through the sediments, 1,427 inches of water must
pass through the sediments. This figure becomes even more significant
when the very siow permeability of the clayey sediments is considered.

In addition to the mathematical expression, results of column leaching
tests conducted during the study indicated non-detectable leaching of LDT
in all three soil types with elution of 20 inches of water through the
columns. Ltight other chemicals analyzeo demonstrated variable but
significant leaching ch.racteristics.

2.3 CHARACTERISTICS OF SEUDIMENTS IN THE STUDY AKEA

Sediments in cores taken from HSB and IC under Task IV of TVA's workplan
are largely fine-yrained, with an average of 74 percent of eacn sample
passing the 63u sieve. Volatile solids content of the sediment samples
averaged 7.5 percent. The average in situ void ratio of subinerged
sediments was 1.45, corresponding to 38 percent water by weight. When
dewatered to a 15 percent water content, the voia ratio of the sediments
would be decreased to 0.35.

Surface soils in the proposed borrow and disposal areas are silty clays
with clayey subsoils, primarily of the Melvin, Etowah, Tupelo, Decatur,
Capshaw, and Cumberland series (U.S. Department of Agriculture, 1958).
Typically 75 to 95 percent of these soils will pass the 63u sieve. Based
on soil borings in the vicinity (Dept. of the Army, 1977; U.S. Army Corps
of tngineers, 1960), surface soils are typically underlain by 10 to

30 feet of inorganic clays of varying plasticity.

2.4 SUMMARY AND DISCUSSION

Due to its hydropnobic and high adsorptive properties, DDTR will be
strongly associated with solid materials in an aqueous medium, particu-
larly with clays and organic matter. DUTR-contaminated sediments in HSB
and IU are predominantly clays, with approximately 7.5 percent volatile
solids. The nature of these sediments indicates that DUTKR will remain
strongly adsorbed to them and will be transported only if the seuiments
are transported.
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wooded overpank arca exists on either sioe of the channel 1 tis reach,

extending as ftar as 8U0 teet to the north ang 2,000 feet to the south,

Tnis drea is nundated only during maximuni poc) stage 1n wWneeler Kesor-

voir or during tlooa coenditions. Several deep permanently pongeo dreas

oranch oft of the mailn channel. The channel pottom in tnis reach is [
heavily littereu witn trees, branches, ang stumps. bBottom sediments

consist typically of course to fine clayey sands with coarse vetritus

at the surface and some pockets of soft clays. !

between HSB miles 3.Y and ¢.4 (Dodd Koad', the channel widens consiger-
aply, assuming a braiced torm witn veget.tea bars. Channel widths range
frum 10u to 375 feet i this reach, and depths are generally 2 to 4 feet.
Tree litter 1s more widely aispersed and vottom sediments are fine-
grained, consisting rnostly of clays and silty clays. Several large,
wooded overbank areds exist on elther side ot the channel.

From HSB #ile 2.7 (Uood KRoad} to-0.U (ris5-1C confluence), channel widths
vary from 150 to 40U feet, with numerous ponded areas brancning oft of
the wain channel., Channel deptns vary trom 3 to iU feet, with the deeper
aredas being near the HSB-1C contluence. Uverbank areas are narrow, with
the exception of one large area on tne soutn bank, west of [lodu Road.
Several sma'i streams enter from the south, draining the nortnwest
portioi of Test Area 1. Channel sediments in this reach are fine-
graine:, —“onsisting nostly ot clays.

The 1L chanr2l between Miles 5.4 (HSB-1C cunfiuence) ang 2.2 varies trom
200 to 40y feet in wiotn and 6 to 10 teet 1n uepth. Several small
streams enter the channel from the east. Uverbank areas in this reach
are generdlly narrow, ano bottom seciments consist mostly ot clays.

Between IC tiles 2.2 and 0.0, the channel is well gefined and nearly
unitorm, being 150 to 200 feet in wigth anc 10 to 20 teet in depth,
Uverbdnk areas are narrow, and numerous long ponded areas extena in a
paraliel alignuent with the Tk. bottom sediments in tnis reach consist
mostly of clays.

e i

3.1.2 Areal Distribution of UUTR

The distribution of DUTK in HSB and 1C is determined trow the results of
Task IV of the TVA work plan. Sediment cores were taken along transects
shown in Figure IIl-1. Results of the cor= analyses indicate that UUTK
contamination is almost entirely confined to the upper ¢ feet of seai-
ment. The areal distribution of DUTR between HSB Miles 1.5 and 5.6 1is A
illustratea in figure [I1-2. Table 1II-1 summarizes the areal oistribu- -
tion of DUTR in HSB and IC.. Reaches w, B and C are so designated
because of their marked differences in total areal concentration of UDTK.
A getailed discussior of the areal distribution ot UUTH contamination
appears in Appenaix I1, Section 3.1.1.

As indiceted in Table IIi-1, the majority of DUTk is containeo in the
channel sediments and in the area designated “critical overbank" agjacent
to the channel vetween iSE Miles 3.8 and 5.4 (illustrated in

Figure II1-7). The aesignation as “critical" is warrantea py the high
PUTK levels observed in sediment core samples trom that portion of the '

overbank (typical range: 10U-15,00y ppm). These concentrations 1ndicate

e
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that the critical overvank contains a significant fraction of the total |
DUTK in the HSB-IC system, therefore mitigation of contamination there 1s !
a primary concern. Contamination of the non-critical overbank of Reach A

is typically 5-40 ppm DUTR, sufficient to warrant consideration of |
removing those sediments. |

DOTR concentrations in overbank areas of Reaches 8 and C and all ponded
areas are generally less than 7 ppm. Uredging tnese areas would involve
removal of approximately 1,450,000 cubic yards of sediments. Tnese areas
are not in the active flow regime of hSB or I(, therefore DUTK trans:'ort
from them shouid be minimal. For tnese reasons tne areas are not con-
siderea for dredging. Unce the major source of UDTK in the system is
removed by dredging the channel and designated overbank areas, contamina-
tion in the pondea areas should be mitigated by deposition of relatively
uncontaminated sediment.

Three dredyging plans are designated in Table I1I-Z according to which
reaches of HSH and IL are included, i.e., the level or contamination
desired 10 be removed from the Ssystem,

’ Uue to the spacing of the sediment sampling transects, spacing of cores
along tne transects, ano limited oefinition of core lucations with
respect to hydrologic designation, little iateral control was available :
in designating the dredqging areas. Before a final dredying program short ¢
of total dredging {i.e. Dredging Plan IIl plus entire overbark of
Reach H) can be accurately designed or implemented, additional sedinent
sanpling should ve conducted to better define the areal aistribution of
DUTK contamination and identify "hot spots".

3.1.3 Approach for Implementatioq

Evaluation of existing equipment and conditions to be encouatered at the
site indicate that hydraulic dredging is the most feasiole means of
removing DUTK-contaminated sediment trom flewing recches of HSB and IC.
This subject is discussed in detail in Section 3-? of this Appendix.
Dredging would be preceded by snagying and clearing of trees, stumps, and
other debris from the chennel and its immediate banks. Uredged material
would be pumped hydraulically to an on-site temporary dredyed material
disposal area (TUMDA) designed to provide complete containment of the
sediments and adequate treatment of the return water to HSB. The TDiMUA
would consist of a system of dikes constructed on a cleared site in the
vicinity of HSK.

rollowing completion of the dredging operation, the dredgea material
woula have to be dewatered betore a permanent disposal plan could be ;
implemented. Permanent disposal in the TUMUA appears to be the most i
teasible means of ultimate disposal. This basically involves sealing the
area with an impermeable cover once the sediments are dewatered. Factors ‘
tavoring the environmental acceptability of this gisposal technique are i
discussed in Section 2.0 of this Appendix. mnother option considered is
to dispose of the dewatered material in an abandoned mine, prepared in
such a manner as to effectively isolate the contaminated sediments.

It it is gesired to remove low-level contaminateo material in the
overbank of Reach A, this would involve clearing all vegetation from the
area, grubbing all root systems, and removing the sediments to a depth of
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The aredge head is suspenged from a barye-mounted crane or ladder. Com-
pressors, air distributors, ana the dredye heaa are individual components
which do not require a specialized barge and consequently can be mounted
on nearly any water craft ot appropriate size. Land-based operation
usinyg a conventional crane is also possible.

By using air insteaad of water to move Ssediments tnrcugh the discharge
line, pneumatic dredges can attain solids concentrations of bu to

80 percent by volume. Turbidity levels during operation are reported to
be low, witn minimal disturbance of bottom seaiments. Use of this type
of dredge is best suited for unconsclidated, free-caving sediuents,
though specialized cutterheads can pe attached for gredging in more
gifficult material.

3.2.2 Dredges tvaluated for Removing Channel Sediments; in Huntsville
Spring Brancn ana Indian Lreek

Following an extensive review of current small dredge technology, eleven
dredges were selected for furtner evaluation. These dreages, along with
their major physical and operational characteristics, are listed in
Table I1I-3.

Pneumatic Uredges--

Pneuma DUredge--Pneuma North america's portable dredging unit is a
prneumatic dredge, the basic vperation ot whicn is discussed in the
introduction to this section. The dredye heac consists of three in-line
cylinders. Uperation of tiie intake anu discharge ports is controulled
electronically and can be sequenced to discharge in a range suitable tor
the type of material being dredgea. an air distributor unit regulates
the intlow and disciiarge of compressead air to edch cylinder during tne
operation cycle, assuring continuous, unitorm discharge flow.

The Pneuma Uredge 1s capable of pumping 6U to 8U percent solids, by
volume, with minimal generation of turpidity. by raising or lowering the
pump unit as necessary, contours of the bouttom can be followed. The
dredge can be mounted on a self-propellea barge, eliminating the need for
swing wires ang anchors if such operating conditions are desired for a
particular application. Recent modifications of the Pneuma Uredyge exten:
its applicability to shallow water operation by providing vacuum suction
to fil! the cylinaers when dredging depths are insufficient to proviae
the necessary hydrostatic pressure. A cutterhead mechanism, desiygned to
minimize turbidity, is available for dredging in materials which are not
tree-caving.

Low turbidity levels associated with the Pneuma lredye's operation are
attributed to its lack of external moving parts. The dreage has been
used successfully in prior operations requiring low turbidity generation,
including removal of PCB-contaminated sedirients from the Uuwamish ater-
way, Seattle Harbor, Washington. EPA monitoring of tnat dredging opera-
tion indicated exceptionally low turbidity levels in the vicinity of the
operating dredge pump.




Uozer Ureage--The operational principle of the Uozer Pump is basicaliy
the same as the Pneuma, except that it employs two pneumatic chambers
instead of three. The Qozer Fump can pe mounted on a conventional dredge
ladder or suspenoed from a cable. It was specifically desicned for
dredging polluted seciments at a high colids content with minimal tur-
bidity generation.

The Uozer Pump uredye Taian maru is probably the most sophisticated
equipment presently available for dredging pollutea sediments. It is
equipped with two underwater television cameras mounted near the suction
inlet to visually monitor turbigity. Cnanges in turbidity levels are
recorded by a highly sensitive turbidimeter. Five electronic sediment
detectors located near the suction inlet are capable of measuring the
thickness of seaiment layers of varying density. uUther accessory
equipment incluces a flow direction ang speed meter, gas detector, gas
snield and collector, seaiment and water sample collectors, and an
optional cutterneaa attachment. >econdary and booster pumping can pe
performed by Oozer Pumps if the solids content of the slurry is too high
for conventional hydraulic pumps.

In four and one-nalf years of operation, between 1974 ana 1978, the Taian
maru pumpec approximately 1.3 million cubic yards of contaminateu sedi-
ments Trom Japanese waters. In all dredging projects, turbidity genera-
tion was carefully monitored ana maintained at a minimum level.

The Oozer Pump has not yet been transported to the United States. A
Uniteu States representative of the Japanese manufacturer has ingicated
that transport of the Uozer to the United States is possible, should a
situation arise requiring its capabilities (Jensen, lyvsuj. The vozer
Pusip unit could be shipped alone and fitted to a barge once here, though
at a considerable expense.

Low-Turbidity Hydraulic Uredges--

Waterless Dredge, Model 8-180--The Waterless Uredge was specifically
developed tor dredging industrial ana municipal unconsolidated sluoges at
a high solids concentration. According to the manutacturer (Searles,
1980), the dredge has consistently attained solias percentages in its
discharge within 2 to 5 percent of the in situ solids concentration when
dredging these materials. Solids concentrations of 3U to 50 percent by
volume in the discharge slurry are reported. Turbidity associated with
operation of the dredge is reported to be minimal.

The cutterhead consists of two 4-toot rotating augers mounted parallel

to each other and the cutter ladder, ang enclosed within a shroud. The
cutterhead is designea to rotate through a 180 degree arc, ana on each
alternate swing is rollea over so that tne opening faces the direction of
swing advance. Material filling the surouded cutterheaa darea displaces
water and theoretically makes onl: tne material itself available to the
creage pump inlet. Variuble-spee., hyaraulic drives enable operation to
match the excavation of material with tne pumping rate, minimizing tur-
bidity generation andg maximizin, solids content of the discharge.
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reasonable progress could be made here with dany of the dredges, though
the pneumatic dredges would most likely have to be equipped with a
cutterhead. 7The pneumatic and low-turbidity dredges would encounter some
aifficult digging in this reach, and their production rates would
probably not be nearly as high as that of a conventional cutterhead
dredge.

Another important consideration is the magnitude of turbidity generated
by the dredge in comparison to that generated by the snagging and clear-
ing operation. The reach of HSB most neavily covered witn tree debris,
HSB Miles 5.6 to 3.9, is also the reach most heavily contaminated with
DOTR. An estimated 20 percent of the channel bottom in this area is
covered with tree debris, much of which extenas into the sediments.
Clearing this material from the channel is expected to generate
significant turbidity. Uownstream trom HSB Mile 3.9 tree debris coverage
is not as extensive as upstream, but is still sufficient to pose
turbidity problems with its removal.

Snagging should be carried on coincident with dredging in the channel.
Though this may result in higher suspended sediment and UUTR concentra-
tions in the water column than if the two actions were conducted
separately, the net downstream transport of sediment and DDTR during the
project should ne minimized. Higher suspended sediment concentrations
will enhance flocculent settling of clay-size particles and overall
sedimentation may be greater than if the two actions were conducted at
different times. Concurrent snagging and dredging will also minimize the
duration of elevated DUTK levels in tne water column.

A certain amount of downstream transport of suspended sediment and UDTR
will be undvoidable during the proposed dredging operation. The net
transport of DDTR downstream due to dredging can be put in perspective by
comparison with the downstream transport that would occur naturally under
elevated flow conditions. A dredying operation that would move no more
DDTR downstream than would move due to existing channel scour might be
consiuered acceptable, as further DDTR transport after the dredging
operation would be greatly diminished once the contaminatea sediments
were removed.

Finally, careful consideration should be given the characteristics of the
turbidity plume, the flow velocity expected during dredging, and possi-
bilities for reducing the flow velocity by various means. These parame-
ters determine how much of the sediment suspended by the dredge will
eventually settle out downstream to be dredged later, and how much will
be transported out of the reach being dredged.

Quantification of the turbidity considerations discussed above would be
extremely difficult using a strictly theoretical approach, due to the
many variables and site-specific conditions involved. Turbidity associ-
ated with operation of the pneumatic or low-turbidity hydraulic aredges
can be assumed small compared to that generated by snagging and clearing
the channel. In order to obtain a conservative estimate of UDTR trans-
port downstream during operation of a conventional cutterhead dredge,
assumptions are made as to the expected turbidity level downstream from
the dredye, the average UUTR concentration in the suspended sediment, the
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average discharge of HSB during dredging, and tne duration of the
dreaging project. Basea on these assumptions, the total amount of ULDIR
leaving HSB during the dredging of HSE Miles b.6 to 0.0 is estimated.

Data obtainea from two dreaging projects (Barnard, 1978) inaicateg near-
bottom suspended sediment levels of 336, 205, and 125 mg/1 at distances
of 100, 200 ana 1,000 feet, respectively, downstream from a conventional
cutterhead dredging fine-grained sediment in a current of less than

5 cm/sec. background suspended sediment levels were 1 to 3u mgy/l.
Near-bottom suspended sediment levels are the hignhest encountered in the
water column agownstream from an operating cutterheaa (Barnard, 147§).
Current velocity in HSB during base flow conditions is generally less
than 5 crmi/sec.; therefore, the conaitions at these dredging projects
approximate those to be enccuntered in HSB. A dredge would be operating
at a mean aistance of 15,000 feet upstream of the LC confluence while
dredging in HSB. Considering tnis aistance ana tiie near-bottom suspended
sediment levels observed tor the shorter distances, an average suspendeo
sediment elevation of 5uU mg/1 over backgrouna is assumeu for the flow
leaving HSB. The UULTR concentration of the suspenges seaiment is assumed
to be the overall average DUTR cuncentration of the sediments dredged,
i.e., the total mass of DUTk divided by the total mass of sediment
dredged or 231 ppm. A base tlow of 5U cfs is assumed for HSB, ana a
production rate of 350 cubic yards per nour is assumeo for the dredge.
These assumptioris should give a conservative upper limit estimate of OULTk
transport out of HSB, =specially when one considers that the gyreat
majority of DDTR is lucated in the upstream-most two miles of the reach
to be dreaged and material suspended while dredging there will nave a
greater distarce in which to settle out and be recovered downstream.

Other flow considerations during the dredging operation will tenu to
reduce downsiream sediment transport. At an operating rate of 8UUO gpm
(17.8 cfs), an Ellicott 770 or similar capacity dredge would be pumping
from 25 to in excess of 100 percent of the base flow in HSB. The return
water discharge from tne TUNMUA will be upstream fron the dreage, but
since it will be operating on a 24-hour basis ana the dredge will be
operating on 8 to 10 hour shifts, an overall reduction in flow ot 1U to
12 cfs will be realizea. This will significantly reduce the downstrean
velocity of HSB during dredging and decrease downstream sediment
transport. The City of huntsville's 201 Facilities Plan recommends
rerouting the discharge trom Huntsville Sewage Treatment Plant iv. 1 “rom
hSb directly to the Tennessee River (Black, Crow, and tidsness, 19Y7b).
The average daily flow from that plant in 1476 was 7.4 MGD (11.5 cfs), a
significant portion of the base flow in HSB. Design flow of the plant in
1976 was 10 MGu (15.5 cfs).

Based on the above assumptions, a total of 236 pounds of DUTK is
estimated to be enteriny IC froum the dreaginy of HSB. Tnis amounts to
Jess than 0.03 percent of the total amount of DUTR removed during
dredging, assuming a 99 to 10U percent removal etficiency. Assuming an
eight-hour work shift and 70 percent production efficiency for the aredge
(i.e., 30 percent down-time), this amounts to 0.7 pounds per day of DUTR
entering IC.
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For comparison with DUTk transport to be expected under natural condi-
tions, the total mass of UUTK estimated to be leaving ASE annually ogue ro
natural flow in the channel is in excess of 1.4 tons, or 2,5U0 pounas
(see nppendix Il, Section 4.1). The dredging ot HSb woula take
approximately one year, and accoraing to tnese calculetions would
transport less ULUTK out of HSB than would be transported by one year of
natural flow conditions. This estimate as<umes, of course, that dredging
is conducted only during base flow conuitions. It is recognized that
storm flows tnrough the HSB channel may trdnsport sediments disturbed by
snagging and dreaging to a greater exteli. than these predictions
indicate. The magnitude of this type of transport cannot be predicted
from existing information. If the iU channel is to be dreaged, DUTK
transport into the TK resulting from that operation should oe much less
than tnat estimated for HSB, due to the lower DUTK concentrations in the
IC sediments and lower flow velocities there,

while tnese estimations are by no means precise, they should give a
reasonable indication of tie inagnitude of DUTX transport expected to
result from aredaing HSB or IL. Since this is an area of critical con-
cern, it snould be addaressed in a more comprenensive wanner in the final
engineering phase of the project. A reliable (though costly) metnoa of
predicting DUTK trensport downstream during dredging would be to imple-
ment a short pilot dreaging study in #5SB and monitor VUTK transport at
various distances uownstream from sndgying and dredging operations. A
less direct but more economical approach woula be to monitor tne turbi-
dity-generating characteristics of a cutiertiead dredge operating at
another site in similar sediments. This information could be combined
Wwith the results of settling column analyses of the H>B sediments to
estimate how much contaminated sediment would settle out and how much
would be transported a specified distance downstream.

Considering the nature of the H>B bottum sediments, the estimates trans-
port of LUDTR caused by a conventional cutternhead, the unavoicaule
turbidity to ve generated by snagging ana clearing aneau of the dredye,
and economic factors; a conventional cutterhead aredge appears to be the
best choice for dredging the HSB and [C channels. As previously noted,
the nature of the bottom sediments in the most highly contaminated reach
of HSB (HSB Miles 5.6 to 3.9) precluce the use of pneunatic or
low-turpidity hydraulic dredyes and probably require a conventional
cutternead. Employing a low-turbidity dredye downstream from HSB Mile
3.9 would probably result in a drastic decrease in production rate due to
the generally smaller pumping capacity of those dreuges ana the slower
progress expected through the ditficult sediments. This would result in
a significant cost increase for tne dredging project with little relative
gain in overall environmental acceptability.

3.3 TEHPUKARY UKEUGED MATERIAL DISPOSAL AKEA (TUMUA)

3.3.1 Introduction 3

To implement a dredying alternative it will be necessary to site a tem-
porary dreaged material uisposal area within reasonable pumping distance
from the areas to e dredged. The disposdl area must be caretully de-
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signed to assure containment of the contaminated sediments and to provide
for adequate treatment of the overflow water.

The approach used is to site and design one large disposal area as
opposed to two or more smaller ones. Though this tends to increase
dredge pumping costs, advantages would oe gained with respect to facili-
tating construct.orn and operation of tne site, localization of the DOTR
contamination, long-term control of cownership, and long-term integrity
and monitoring. It was also considered desirable to locate the temporary
disposal area near the majority of the present contamination rather than
at a distant site in an uncontaminated region. [n addition to facili-
tating pumping to the site, this would maintain localization of the DUTK
contamination. Ideally, the site snould be located nhydraulically and
topographically upgradient from the present contaminated area.

3.3.2 Selection Criteria and Site tvaluation

The criteria used for temporary disposal site selection are presented in
Table III-4. Seven candidate disposal sites were selected on the basis
of proximity to HSB ana topographic suitability alone. The locations of
these sites are shown in Figure II[-3, Uf the seven sites, Six are
within the RSA boundary and one is adjacent to tne eastern xX5A boundary.
Extending the limits for disposal site consideration further from RSA
would provide few, if any, additional sites due to the surrounding
development and generally unsuitable topography. A summary dand brief
evaluation of the seven sites is presented in Table II[-5.

Sites 4 and 5 were discarded due to the unavoidable impact those loca-
tions would have on the operation of Test Area 1. Use of these sites
would require that Test Area 1 be either relocated or shut down while the
site is in use. Site 3 is only large enough to acccmodate Oredging

Plan I, and is reported by RSA Facilities Engineers to have mustard gas
landfilled on the eastern portion of it. Site ¢ will also only accommo-
gate Dredyging Plan [ and has the further disadvantage of a 30 inch
industrial water main crossing it.

Field observation of Site 6 revealed evidence of recent sinkhole activity
in the southwest corner of that area, indicatea in rFigure III-3. A
sinkhole approximately 20 by 30 feet was observed, with other indications
of subsidence in the immediate vicinity. This activity haa been reported
by NASA officials at the Marsnall Space Flight Center, who indicated that
they had experienced sinkhole problems when constructing additions to
their buildings directly across Dodd Road from Site 6. A large depres-
sion was also noted in the northwest area of Site 6. Tnough no other
surface features were noted that would indicate instability in the
remainder of Site b, use of that site as a disposal area is highly ques-
tionable and should be subject to a rigorous geological investigation.

Site 1 is acceptable for temporary dredged material disposal with regard
to ail c¢riteria established. Sufficient area is available to accommodate
disposal for any of the tnree dredging plans. WNo apparent serious con-

flicts exist between use of the site and present operations at RSA., The
site is both hydroiogically and topoyraphically upgradient from the most
contaminated reach of HSB, being approximately one mile upstream from tne
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Taole I1II-5. Comparison of Candidate Temporary Uredged Material Disposal Sites

i T Approximate {
Pumping I
4 Approximate Distance Approximate {
Area Maximum From HSB Mile Average
Disposal Available General Soil Type Relief 2.4 Uodd Rd. tlevation
Site (acres) Present (ft.) (mi.) (ft.)
1 300 Silty clay loam 15 3.5 565
underlain by
plastic clayey
subsoil
4 140 Silty clay loam 15 2.5 565
underlain by
plastic clayey
subsoil
3 130 Silty to sandy 20 1.5 570
loam underlain
by plastic
clayey subsoil
4 250 Silty clay loam 10 0.5 565
underlain by
plastic clayey
subsoil
5 270 Silty clay loam 10 1.0 565
underlain by
plastic clayey
subsoil
6 160 Silty to sandy 35 2.5 610
clay loam
underlain by
plastic clayey
subsoil
7 200 Silty to sandy 30 6.5 570
clay loam
underlain by
plastic clayey
subsoils )
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