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mEPL, TO May 4, 1984

ATTENTION OF
Favironmental Quality Section

TO ALL INTERESTED PARTIES:

In November of 1980 we sent you a copy of the Engineering and .

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 (WSB) and Indian Creek (IC). According to Dr. Jemes
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

This error impacts all references to the total amount of DDT

present.
However, it

present at any particular location in the HSB-IC system.
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 01d Data New Data

Upstream of Dodd Rd. in HSB 95.97% 97.8%

Dodd Rd. to IC 3.1% 1.47
1.0% 0.8%

Indian Creek

W.A.R. has considered the possible impact of these new figures on
the clean-up alternatives proposed in 1980. Their conclusion 1is 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
River, (2) that a significant amount of the fish contamination
appeared to be resulting in situ from very low sediment concentra-
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.
This is not meant to imply that other alternatives could not be
developed that might be appropriate, only that the error found in the
original work does not impact the alternatives developed at that time.

This document has been approved 8 4 0 6 2 6 1 3 1

for public release and sale; its
distribution is unlimited.
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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

correct ion of the sediment DDT calculation error as well as the errata
sheets dated Jamuary 1981, The euclosed revision pages should replace
all pages in the original document with corresponding page numbers.

Wwe regret the error; however, we feel that it does not alter the
Yasic conclusions of the 1970 report. [f you have any questions about
‘ these revisions, please call Dr. Diane Findley at 205/694-~3857 aor

FTS 537-3857.

Sincerely,

//( (/,.(LJ{ l(/.>,(‘.;, ,l

Willis E. Ruland

Chief, Environment and Resources
Branch

Enclosure
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3.3 VULATILIZATIUN FROM SUIL, WATEK AND UTHEK SUKFACES

The major means of pesticide entry into the atmosphere are:
0 spray dritt during application;
v volatilization from treated surfaces; and
o movement of wind blown dust particles (Spencer, 19/5).

potential volatility of the various LUT isomers and degragation procucls
is related to their vapor pressures but actual volatilization rates will
depena on envirormental conditions and all factors that moaify the
effective vapor pressure (Spencer, 1975). Vapor pressure or potential
volatility is ygreatly afrected by the interactions with soil. Adsorption
of ULT depends upon its concentration in soil, soil water content and
soil properties (Spencer, 1970). Guenzi and Bearg (1970) reported that
the initial LUT volatilization rate was. inversely related to soil organic
mdatter content,

The o,p' and p,p' isomers of DDT, OUD, and UDE are generally only slight-
ly so]uble 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 adsorntion of DUTR to soil and colloidal
materials., Bailey ana White (1964 and 1970) and white and Mortland
(1970) observed that soil or colloid type, temperature, nature of tne
cation on the 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 concentrat1ng at the water-a a1r interface
(Bowman, et al., 1959, 1964 and Acree et al., 1963). This ennanced
volatilization was termed co- dxst11]at1od-TAcree et al., 1963).

Losses oy volatilization from soil will aepend on pesticice co:.centration
and vapor density relationships at the soil surface. [bLuenzi and Bearo
(1970) reported that the initial OOT volatilization rat: was inversely
related to soil organic matter contant.] Volatilization rate decreases
rapidly, however, as the concentration at the soil surface drops and,
thereatter, becomes dependent upon the rate of movenent of the pesticide
to the soil surface (Spencer, 1970; >pencer and Cliath, 1973; Farmer

et al., 1972 and 1973). Vapor pressure of pesticides at the soil surface
s a waJor faczor influencing volatilization rate. The vapor pressure of
DUT in soil increases greatly witn incresased DUT concentration and tem-
perature but decreases substantially when the soil water content de-
creqases below ane 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 2.Z percent
5011 water content. .

Spencer and Cliath {1972) reported the relative vapor pressure and vola-
tibility of OUTK (see Table 1-2).

1-5 REVISED AFRIL 1984
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Table 1-2. Saturation Vapor Lensities and Apparent Vapor Pressures cf UUT
and Kelated Compounds at 30°C

Vapor Uensity Vapor Pressurel

Lnemical (ng/L) {mm hg x lU’7)
p,p'-ubT 13.6 1.26
0,p'-bUT 104 55.3
p,p'-0ut 109 64.y
p,p'-uly 17.2 10.2
0,p'-U0E (108)2 (61.6)¢
0,p'-LbU (31.9)3 (18.9)3

- - - - -

l¢alculated from vapor gensity, w/v, with tne equation: P = w/v - RT/M.

ZAtmosphere probably not saturated with o,p'-DUE. UUE in sand column was
mainly p,p'-0ULt.

3ntmosphere probably not saturated with o,p'=UUU. The sand column was
prepared with p,p'-00U, which contained sufficient o,p'-ublU as an impurity
to produce this vapor density.

Source: Spencer and Cliath, 197¢.

1-6 _
REVISED APRIL 1984




P
P
.

rs

The composition of vapor at 3U°C in equilibrium with technical LuT
applied to silica sand, a non-adsorbiny surface, at a rate of l-7 percent
is listed in Table [-3 (Spencer and Cliath, 1972).

Table [-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 UOT to Gila silt loam.

Little information is available regarding volatilization from plant
surtfaces. Une would assume vapor percentayes 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 UDT in the temperature range of
25-3U°C based on available published laboratory data. Soil incorporated
residues would volatilize at a much lower rate.

A study by Ware et al. (1977) measured DUTR 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 8U percent over 12 montns
while the irrigated, cultivated cotton plot only lost 20 percent during
the 70 day perioa. These estimates are indicative of the range of loss
rates under a variety of field conditions.

3.4 PERSISTENCE I[N SUIL

A number of investigators nave estimated the persistence of LULT in soils
(see Table 1-5 for a compilation). These estimates range from less than
a year to some 30 years., [t is difficult to predict degradation rates
since many fdactors influence persistence. These factors include soil
type, organic inatter content (Liechtenstein and Schulz, 1959;
Liechtenstein et al., 196U; Bowman et al., 1965) moisture 1eve1, pH,
temperature, cultivation, mode of app11cat1on and soil organisms
(Lichtenstein, 1965).

3.5 WATER SULUBILITY

The solubility of DUT in water is reported to 1.2 parts per billion
(ppb){Bowman et al., 1960; Harris, 1970). Gunther et al. (1968) 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 DDT in the environment, the
subject will be proken down into several subsections for review. An
overall metabolic pathway is shown in Figure -2 in an .effort to describe
the picture concisely.

[-7
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Taple [-3. Vapor Composition in Association with Tecnnical Uul at 30°C

Vapor vensity Conc. in Tecn
Chemical ng/L % of lotal UuT (%) .

- - n

p,p'-0DT 13.6 8.0
o,p'-b0T 104 61.7
P, -LUE 24.1 14.3
0,p' -UUt 26.9 16.0

(A SR ]

OoOC — &
o r— o
R RPN

-~

© .
PR

TOTAL 108.6 ———- ————

A

R T

-4

'
B4 WP R

source: Spencer anrd Cliath, 1972.
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~ . Table I-4., Vapor vensity cof p,p'-UuT, o,p'-vuT, p,p'-bUE, and o.p'~ULL
I as Yelated to Concentraticn of Tecnnical [BUT in Giyla Silt
o Loaw at 7.5 Percent water Content and 30°C

et 8 2 PSS,

RS

- — - - -

Tecn.

. e Vapor ensqty (ng/i) _ VMapor yensity (% of Total)

. Conc. pap'=-  0,p'-  p,p! 0,p' Psp'= 0,p'- pP,p'- 0,p'-

i (*g.9) uut LoT Jut VuE Total  bLOT puT LUE Lit

. 2.5 1.11 l.1b 0.43 --- 2.70 41,1 43.0 15.9  ---

: 5 Z.bY 2.2¢ U.6U -—-- 5.47 48.4 4u.6  11.0 ---

: v 6.07 5.¢6 1.08 --- 1z.41  458.9 42.4 8.7 ---

I v 13.45 11.392 .94 .45 29.¢b 47.8 40.7 10 1.5
40 12.11 ¢1.40 3.03 3.7V J7.24 32.5 57.5 8.1 1.9
b 13.37 32.74 3.42 u.97 50.50 Z6.5  04.8 6.8 1.9
120 13.62 b7.0 5.41 l.o4  87.67 15.5 75.4 6.2 1.9

—~——

- LN —

lTechm‘cal DuT containing 74.6 percent p,p'-ULT, 21.1 percent c,p'-bUT,
U.81 percent p,p'-ublt and 0.07 percent o,p'-U0Lt.

Source: Spencer anag Cliatn, 1972.

= e e v~ - —— 4

I-9 REVISED APRIL 1984

........




Table I-4%. Estimates of Halt Lives and/or Disappearance Rates trom Soil

fstimate

Keterence

1b years
lu% remainea atter 15 years
V.Y years pr=4

laboratory congitions

Kiigemagi and Terriere (ly7¢)
Lichtenstein Sﬂ::ll' (19/71)

11.3 years pH=6.5 wuT + DUt tksteat (1475/76)

3-1U years nenzie (1472)

iU years Yule (19Y73)

¢-15 years Martin {156b)

-4 years metcalf and Fitts (1909)

JY% remaineg after 17 years

4-3U years (mean of 1lU years) to
elininate Y5% cf applied

3U year persistence

<l year tor surtace deposits

lu+ years if incorporatea b-8" into soil

15 years o
7 hours (anaerobic sew.aye sluuge)

Nasn and woolson (19607)
tdwaras (1Y966)

Dimond et al. (1470)
Fread (197v)

Cthisholm and MacPhee (1972)
Jensen et al. (1972)
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4.1 DEGRAVATIUN I SOILS UNUEK AERUBIC CONUITIONS

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

Many investigators have reported the degradation of DUT in a variety of
soils and/or pseudo sotls. p,p'-0UT is readi]y genydrochlorinated to
give the major decomposition product, p,p'-UDE (Baker and Applegate,
1970; Castro and Yoshida, 1971; Licntenstein et al., 1971; Kuhr et al.,
19/2, Smith and Parr, 1972; L11ath and bpencer I§7z Kiigemagi and~
Terriere, 1972; Frank g}_gl 1974a; wuenzi and Beard 1976; tkstect,
1975/76; Johnsen, 197b) under aerobic conditions. The o,p'-DUT degrades
to the corresponding o,p'-DDE isomer.

Other degradation products have also been reported. .DUD (Kiigemagi and
Terriere, 197¢; Frank et al., 19784a), UbP (Kiigemagi and Terriere, 1972)
and dicofol (Lxchtenste1n 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 et al., 1971) were measured. The work of
Kiigemaygi and Terriere (1972), however, revealed relatively high levels
of LOU and dicofol. Although dicoftol per se had been applied, these
authors suggested its presence might have been partially as a result of
vLT aegradation in orchard soils.

Other reports (Snith and Parr, 1972; Guenzi and Beard, 1976) have dis-
cussed the effects of temperature, soil water and pH on DUT stability.
Guenzi and beard (1976) reported that DDT degradea to DUE at increased
rates at higher temperatures. When DUT was mixed with Raber silty clay
‘loam at a rate of 10 ppm and incubated at various temperatures for

140 days, the following percentage conversions were detected:

Temp.," C % UDT % DOE
30 82.1 6.7
40 74.5 12.5
50 53.2 21.6
60 38.3 34.8

No other UDT related chemicals were detected. By comparing these data to
data generated using sterilized soil, it was reported that this conver-
sion to UDE 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 soil containing 1/3 bar moisture were much higher than
in air dry soil.

Smith and Parr (1972) reported that OUT was stable in soil treated with
anhydrous ammonia (pH >10). They further inaicated that the threshold ph
for dehydrochlorination of DDT to DUE in a mouel system using nncrobeads
was 12.5 with extensive conversion at 13.0.

Ekstedt (1475/75) reported a higner retention of DUT and DDE 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 Y4 percent of the original DUT applied 17 weeks after adaition,
compared to 79 percent DUT in the mcre aciaic soils., Tne uore acicic

soil possessed less DOt as well. 5011 type cid not appear o influence f’%;r

these rescults.

Johnsen (197v) has reviewed tne sudject in depth ana the reader is
referred to this artvicle for further details.

4.2 UEGKAUATLIUN IN SUILS UNUEx ANAERGBIC CUNLITIONS

The degradation of LUT under anaerobic conditions is well-docunented.
brior to work in soil systems a number of reports appearing in the late
lYou's {cited by Parr et al., 1970) inaicated a more rapid cegracation of
OUT in anaarobic microbial systems than in aercoic systems.

Parr et al. (1970) incubated UULT in glucose-fortifiea, moist (1/3 bar)
Crowley silt loam and Arch loamy fine sand eitner aercoically in
CU,-free air or anaerobicaliy in Ar, N, and wy+C0, (80:20). OOT
cegradation followed the order Ar > N, > N,+Cu, (80:20) >

Cu,-free 4ir. The major precduct of deéygradation was UUD and to a lesser
extent DUE. while flooaing ut the Crowley soil proviaed an anaerobic
environment it only led to 41 percent DULT degradation wnile moist soil
incubatea in N, or Ar resulted in 98 percent degradation. .Tnese
authors also cautioned against using laboratory gata as a predictor of
field degradation.

Burge (1971) demonstrated that glucose or ground alfalfa added to sail

accelerateg the anaerobic disappearance of DUT. This investigation EREE
reported further that adaition of a steam distiilate from aifalfa will Sar
also increase anaerobic UUT disappearance. When volatile components of i L
the steam distillate were compared with glucose, the following orger of

effectiveness was found: acetaldehyde = isobutyraldenyde > etnanol >

glucuse >> methanol. The anaerobic disappearance ot JuT was innibitea by

autoclaving tne soil but could be re-establisnea by innoculating the

autoclaved soil witn viable soil. 0OUT was converted to DUD although

considerable LUT disappeared from the system and could not be dccountea

for. Burge (1Y71) ingicated tnat neitner DUU nor DUE were lost from nis

experimental system and thus DUT must be disappearing by some ather

mecnanism,

Castro and Yoshida (1971) reported the degradation of DOT in Philippine
soils. They comparea aerobic and anaerobic conditions in several soil
types. bBoth ULLT and UUDU were degradea much more rapidly under flooded
(anaerobic; conaitions than under aerobic congitions ang in soils with
nigh organic watter content. UDD accumulated in flooded soils and no
other DUT related compcnents were detected. The authors stated that buD
was more stable than DDT under tnese conaitions but that after b manths,
even the DUU residue had declined substantially. Castro and Yoshida
(1971) pointea out, after comparing sterilized and non-Sterilized soils
that losses through volatilization are small when compared to losses
through micronial degradation.

;ﬁi}
=19
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smith and Parr (1972) described the chemical stability of UulU under
selected alkaline conditions. UUD remained stable for extendea perinags
ot time at ph=10 out it was rapidly counvertad to UuM at pH=l3 ang then
aisappeared with time.

Parr and Smitn (1974) reported the relatively slow degradation of ULT
under moist anaerobic ana flooded anaernbic conditions in an tverglages
muck soil amended with alfalfa meal. UUT degradation was increased in
the tlooaed anaerobic environment subjected to continuous stirring. The
authors suggested tnat the lack of substantial degragation might te the
result of: (L) the adsorption of DU so that it was unavailable for
microbial or chemical degrauation; and/or (2) tne lack of orgdanisms
capable of degrading UUT.

Castro and Yoshida (1974) reported that both organic matter and the
nature ot its constituents influence the anaerobic biodegradation of DUT
to UOU. They cemonstratea 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 degradation in certain soil types and not in all.

Guenzi and Beard (1Y7ba) incubated Raber silt lcam contaminated with
10 ppm DUY unaer anaerobic conditions at various temperatures. KResults
after 7 days of incubation are summarized below:

Temp. % DUT % 0DV % DDE
R 3v 80.0 12.34 0.8
o 4u 03.b 19.5 2.1
50 44,2 38.8 3.4
60 9.8 43.6 4.1
The anaerobic deygradation pathway was DUT buo bOMU. ounly minor
anounts of DUE were formed and they remained stable througiout the
study.
4.3 UEGRAUDATIUN BY SEWAGE SLUULGE
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 DUT in biologically active anaerobic sewage sludge. In
addition to detecting 0GD, UBP, LDMU, the formation of DULN was con-
firmed. HNeither group could speculate on whether the mechanism ot
formation was chemical or biological.
4.4 DEGRAUATIUN IN SEDIMENTS
Albone et al. (1972) evaluated the fate of DUT in Severn River Estuary
sediments. In situ sediments having a temperature range of 5-25°C caused
P less UUT degradation than did incubating the same sediment under water in
o the laboratory at 25°C. The same degradation proaucts, mainly 00D, were
8:7
ey
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Jetected in both systems, These authors reportea evigence that another
metavolite, UUA, was present but were unable to confirm its presence.

4.5 DEGRAUATIUN Y SPECIFIC MICROGSIAL PUPULATLIONS

The metabolism or DUT by microorganisms has been investigated by a number
of r sedarchers. Patil et al., (1970) reported that 20 microbial cultures
which had been shown to degrade dieldrin were also able to degrage UUT.
Tnese organisms were incubated in stationary test tubes at 30°C for 3u
gays. Ten of the bacterial isolates aeyraded ULDLT to a dicofol-like
compound; 14 of the isolates gegradeda DUT to LUA 1ina possibly other
acidic materials. None of the cultures produced JUE. Perhaps even more
surprising was the formation of LUV by 17 of tne isolates all unager
aerobic conditions.

Pfaender and Alexander (1972) exaninea tne ability of extracts of
Hydrogenononas sp. cells to degrade DDT. Cell-free extracts (5 mg
protein/ml) were incubatea in 30 ml of 0.1 M phosphate buffer at pd 7.0
for 4 days at 30°C uncer a nitrogen atmosphere. DDT was converted to DDO,
UUMS, LBP, and DUE under these angerobic conditions. p-Chloropnenyl-
acetic acig 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-chToropnenylglycoaldenyde. These studies reveal the possible
extensive degradation of DuT under the proper conditions.

4.6 UEGRAUATIUN BY FUNGI

The deyradation of ULUT by fungi has been reported (Anderson et al., 1970; .

Focht, 197¢). Anderson et al. (1970) isolated several fungi from an BRI
agricultural loam soi1l and found that Mucor alternans partially degraded A

LUT in a period of two to four days. Shake cultureZ of M. alternans
degraded DuT into three hexane-soluble and two water-soluble metabolites,
none ot which were igentified at the time. These compounds were not LUD,
LDUE, DLA, DBP, of dicofol, or DDMS. Attempts to demonstrate this DOT
degrading capacity in field soils, nowever, were fruitless.

Focht (1972) described the isolation of a fungus capable of degrading ULDT
metdbolites to C0,, water and chloride. The isolate was a hyaline
Moniliceae fungus. Incubation of this organism with U0m resulted in
growtn of the fungus and the breakdown of DDM to C0,, H,U, 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, 1969; Patil et al., 1972; Bowes, 1972; Kice and Sikka, 1973)

and fresh water forms {Moore and Dorwara, 1968; Miyazaki and
Thorsteinson, 1972; Neudort and Khan, 197%).

nt‘;-\
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orders of magnituce and ranges. For example, Lake Michigan was reported
to contain 1-5 ppt LUT in the water which resulted in predaceous coho
salmon accumulating UOT levels of 5 to 10 ppm (Reinert, 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 affect toxicity to aquatic organisms and are discussed
in more detail in the next section.

Some examples of biomagnification in various aquatic organisms have been
reported by Sodergren and Svensson (1973), Johnson et al., (1971), Yadav
et al., (197s), vedford and Zabik (1973) and Macek and korn (1970). an
extensive listing of bioconcentration factors taken from EPA's "mmobient
water (uality Criteria" for DDY may be found in Table I-6.

Soderyren ang Svensson (1973) evaluatea the kinetics of uptake of LuT and
degradation in nympns of the mayfly tphemera danica. Using a continuous
flow system for DUT exposure, a maximum and constant UDT level in the
nymphs was reached atter 4 to 5 days exposure. This indicates that an
eyuilibrium 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 + DUE + LDU, and the kinetics of uptake appeared to fit a
first order rate equation. UUE was the major LUT metabolite found in
most of the organisms.

Biomaynification and degradation of DUT in fresnwater invertebrates was
studied 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 rapid with tne Cladoceran, Daphnia magna,
and the mosquito larvae, Culex pipiens, exhibiting the greatest aegree of
biomagnification and having residue leveis over 100,000 times that
present in the water. No maximum accumulation level was reported in any
species. Again tne major DUT metabolite was DUE (see Table I-8) and in
the mayfly nymph, Hexagenia bilineata, 85 percent of the residue was

DUE.

Yadavlgglgl. (1978) reported the uptake, degradation and excretion of DULT
in the tresnwater snail, Vivipara heliciformis. Aquaria maintained under
static conditions were used to expose snails to three LUT concentrations,
0.0U5, V.Ul and U.U5 ppm resulting in biomagnification factors of 300,
325 and 7b, respectively. DULE and LUD were the major metabolites, with
slightly higher levels of LUt than LUV in the 0.005 ppm treated snails,
while LUD was the major metabolite in the (.0l and 0.05 ppm treated
snails. Snails from the 0.05 ppm aquaria excreted 94 percent of the
accumulated UDT in 9 days when transferred to "clean" water. It should
be noted here that UDT concentrations exceeued the water solubility.
Under these conditions some of the UUT may have precipitated out of solu-
tion or would possibly be present in suspension. Although the organisms
would still be exposed to DUT the conditions are not the same as they
would be if DUT were in solution.

Preceding Page Blank
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Table 1-6. wBioconcentration Factors for DUT and Metabolites

Bioconcentration Time
Urganism Factor lgays) Reference

Coontail, 1,950 30 Eberhardt, et al. 1971

Ceratophyllum demersum

Cladophora, 21,580 30 Eberharat, et al. 1971

Cladophora, sp.

Uuckweed, 1,210 30 Evberharat, et al. 1671

Lemna minor f
—_— /
Water milfoil, 1,870 3U Eoerharat, et al. 1971 !
fiyriophyllum sp.

Curly leaf pondweed, 14,280 3 Eberhardt, et al. 1y71

Potamogeton cripus

Narrow-leat pondweed, 781 30 tberharat, et al. 1971

Potamogeton foligsus

Sago pondweed, | 6,360 30 Eberhardt, et al. 1971 .
Potamogeton pectinatus - o

'\w;

Soft stem bulrusn, 495 30 tbernardt, et al. 1971

Scirpus validus -

Bur reed, 623 3v Cberhardt, et al. 1971 -
Sparganium eurycarpun -

Bladderwort, 2,200 30 Eperhardt, et al. 1971

tricularia vulgaris -

Mussel, 2,400 21 edford and Zebik, 1973

Anodonta grandis

Clams (five species composite), 12,500 56 Jarvinen, et al. 1977

Lampsilis siliguoidea
Lamps111s ventricosa

Lamsmigona costata

Fusconaia fiava

Ligusna recta

Cladoceran, 9,923* 14 Priester, 1965

Dapnnia magna

4 63,500 21 Hamelink and Waybrant, 1976
Looplankton (mixed), @

Uaphnia sp. fjjt?
Kerate:la sp. -
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Table I-6. Bioconcentration Factors for DUT ana Metabolites (Continued, page 2)
bioconcentration Time

Urganism Factor {days) rReference
Freshwater prawn, 7,00V fiela Kolipinski et al. 1971
Palaemonetes paludosus
Crayfish, 5,060 30 tberharat, gg_gl. 1971
Urconectes punctata
Crayfish, 1,947 field Kolipinski, et al. 1471
Frocambarus alleni
Maytly (nymph}, 4,075 5 Sodergren and Svensson,
Ephemera danica 1973
Jragonfly (nymph), 2,700 2u Wwilkes and wWeiss, 1971
Tetragoneuria sp.
Bloodwormn, 4,750 30 Eberhardt, et al. 1971
Tendipes sp.
Red Leech, 7,520 3u tberhardt, _E._l. 1971
Erpobdella punctata
Alewite, 1,296,666 fielg keinert, 1970
Alosa pseudoharengus
Lake nerring, 2,236,666 field Reinert, 1970
Coregonus artedi
Lake whitefish 260,000 fiela Reinert, 1970
Coregonus clupeaformis
dloater, 2,870,000 field Re.nert, 1970
Coregonus hoyi
Kiyi 4,426,600 field Reinert, 1970
Coregonus kiyi
Cisco, 368,777 field Miles ana Harris, 1973
Coregonus sp.
Loho salmon, 1,503,571 field Lake Michigan Interstate
Oncorhyncnus kisutch Pestic. vomm. 1972
Rainbow trout, 181,000 108 Hamelink and Waybrant,
Salmo gairaneri 1976 1976
Rainbow trout, 11,607 field Miles and Harris, 1973
Salmo gairdneri

I-20
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Taple I-b. bioconcentration Factors for UDT ana Metapbolites (Continued, page 3) .

Bioconcentration Time :
uUrganism Factor (days) Reference i
Kainbow trout, ' 38,642 84 keinert and bergman, 1974
Salmo gairdneri
Brown trout, 45,357 field ¥iles and Harris, 1973 i
Salmo trutta : .
Lake Trout, 458,259 fiela Miles and Harris, 1973
Salvelinus namaycush
Lake trout, 1,168,333 fiela Feinert, 1970
Salvelinus namaycusi
Lake trout, 47,428 152 Keinert and Stone, 1974
Salvelinus namaycusn
American smelt, 70,000 field Reinert, 1970 :
Usmerus mordax
Cu py 640,000 fiela KReinert, 1970
Cyprinus carpin -
Common shiner (composite) 363,000 40 Hamelink, et al. 1971 ~
notripis cornutus -
worthern redbelly dace,
Chrosomus eos
Fatneau minnow, 94,000 220 Jarvinen, et al. 1977
Pimephales promelas -
White sucker, 110,000 field Miles and Harris, 1973
Catostomus conmersoni
White sucker, 96,6066 field Keinert, 197vu
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 “
Aiploplites rupestris #%;;
ubreen sunfish, . 17,500 15 Sanborn, et al. 1975
Lepomis cyanellus
I-21 REVISED APRIL 1984
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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 lethaiity at Yb hours for DUT
to be 3 ppm.’ This indicates that 50 percent of the organisms ceasec to
reproduce when exposed to 3 ppm UUT for 96 hours. Ninety-five percent
KLC occurred at Y ppm (96 hours). LL5U at Y6 hours was 5 ppm LUT and the
LCYS at Y6 hours was 12 ppm OUT.

Rawash et al. (1975) and Maki and Johnson (19/5) both reportea on the
toxicity ot LUT %o the misrocrustacean, Daphnia magna Straus. Maki and
Johnson (1975) determined the LC5U for DUT after I% days to ve 0.67 ppb,
while 50 percent inhibition of reproduction occurred at U.5 ppb. In
contrast, Kawash et al. (1975) reportea LC5u values of 6.5 ppb after 24
nours of exposure. The difference can be explained by the length of the
toxicity assay and/or experimental conditions.

Sanders and Cope (1Y68) determinea the toxicities of UDT ana several
other insecticides to three species of stonefly nyniphs, Pteronarcys
californica, Pteronarcella badia ana Claassenia sabulosa. UOT was the
Teast toxic ¢f the chlorinated hydrocarbons tested. The LCbu's for the
three species of stonefly nymphs were 7 ppb, i.9 ppv and 3.5 ppb,
respectively. They also otserved that DUT was 5 to lu times more toxic
to smaller nymphs than larger ones.

Fred2en (197¢) studied the toxicity of technical and formulated UDT and
DU (TUE) in river dwelling larvae of three rheophilic species of
Trichoptera, Hydropsyche morosa Hagen, H. recurvata Banks, Brachycentrus
lateralos (Say). Tlables I-11, 1-12, and I-13 Tist specific LC50 values
associated with specific tenperatures, metabolites and formulacions.
Generally, technical DUT was more toxic than formulated DOT. The LC50's
increased as tne size of the larvae increased; DDT was also more toxic at
10°C than 2U°C.

Rawasn et al. (1975) determined the LC50 for the fourth instar mosquito
larvae, Culex pipiens L. The LC50 was obtained from a standard toxicity
curve covering the range of concentration from 0.05 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 Texas. 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 crayfish were
mor~ resistant to DUT than the non-exposed crayfish with LC50's at

5‘~“*‘““~\~3§;ﬁ3&£§ of 7.2 ppb and 3 ppb, respectively.
) e £t e e
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5.3 AQUATIC VEKTEBRATES

Post and Schroeder (1971) studied the toxicity of DUT fn four species of
salmonids: brook trout (Salvelinus fontinalis), rainbow trout (Salmo
gairanerii), cutthroat trout (Salmo clarki) and coho salmon (Uncorhynchus
kisutch). Toxicity limits (TLm) from £4 o 96 hours exposure were
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Table I-11. Approximate Lethal tLoncentrations (ppm) of DuT for Trichoptera |
Larvae (Hydropsyche morosa hagen ana H. recurvata Banks) in ‘
water Circulated by Compressed Air at~ 11T and 21 C. Montreal,

5 to 31 August, 1965

puT :
Temp. Exposure

Species (“C) ‘hr) O LC5Y LCY0 :
H. morosa 11 3l ———- ———- ;
- ————— a—— € bl ———— ——— {
62 -—-- .- !

21 3 0.09 V.40

ol 0.U5 0.20

b 0.05 0.l

h. recurvata 11 3l 0.09 V.3

- T 6l 0.03 0.09

6¢ 0.02 0.03

21 3l C.4y 0.40

6l 0.06 v.2u

62 0.04 0.06

-

lThese uata were calculated from counts of larvae made immediately atter 3-
and b-hour exposures to test solutions.

¢These data were calculated from counts of larvae made after 6-hour Neper
exposure to the test solution plus 18 hours in fresh water.
Source: Fredeen, 1972.

.w-' -
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o> Table I-15. Wther Freshwater Toxicity vata for UUT and Metabolites

s
RN
Test Result
Organism Durat ion Effect (ug/1) keference

Cladoceran, 14 days LG50 U.67 Maki and Johnson, 1975
Daprnia magna
Cladoceran, 14 days 5% inhibition of to- 0.50 Maki ana Johnson, 1975
Daphnia magna , tal young produced
Scud, 120 hours  LCSU 0.6 Sanders, 1972
Garmarus fasciatus
Glass shrimp, 3 hours LC50 4,5 Ferguson, et al. 1969
Palaanonetes kadiakansis -
Glass shrinp, 14 hours LGSV 1.3 Sarders, 1972
Palagmonetes kadiakensis
stonefly (naiad), 3 days LC50 72 Jersen and Gautin, 1964
Feroneuria pacifica

2y, Stonefly (naiad), 30 days LU0 &»5 Jersen and Gaufin, 1904

‘n-g’ Pteronarcys califomia
Planarium, ¢4 days Asexual fission 50 Kouyounjian and Uglow,
Polycelis felina irhibition 1974
Caho salmon, -—- Reduced fry survival  1.09mg/kg  Johnson and Pecor, 1969
uncorhynchus kisutch in eggs
Coho salmon (juvenile), 7 days Increased cough 5 Schanburg, 1967
Oncorhynchus kisutch frequency
Caho salmon, 15 days Estimated median sur- 1.27 mg/ko  Buhler and Shanks, 1972
Oncorhynchus kisutch vival time--160 days in food
Cuttrroat trout, .= Reduced sac fry 0.4 my/kg  Cuerrier, et al. 19%7
Salmo clarki survival in eggs
Rainbow trout, 24 hours Uncortrolled reflex 100 Peters and Weber, 1977
Salmo gaironeri react ion
Rainbow trout, Shours . Cough response 5¢-140 Lunn, et al. 197o
Salmo gairaneri thresnold

AN
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Table [-15. Otter Fresnwater Toxicity Uata for OOT and Metabolites (Continuel, page <)

Test Result
Organism Qu~t ion Effect (ug/1) Reference

Rairnbow trout, .- Ketucen sac fry >0.4 mg/kg Cwrrier, et al. 1%7
Salmo qairuneri survival in eggs
atlantic salmm 30 aays retaroved behavioral oY) pill and Sauncers, 1974
(gastrulael,
salno salar development and inpaired

balance of alevirs
Atlanti¢ saimon, ¢d rours  Altereg temperature 5 Ggilvie ad Argerson,
»alnp salar seiect ion 1%5H
Atlantic salmon, 24 hours Altareg tamperature oY) gilvie and Miller, 1976
Salmo salar selecuion ”for 1 mo.
Atlentic salmon, ¢ hours  Altered temperature 10 Peterson, 1973
Salmo salar selection
Krook trout, 24 hours Lateral line nerve 100 Arderson, 1968
salvelinus fontinalis hypersensitivity
Brock trout, 24 hours Visuai conditioned A Anderson ard Peterson,
Salvetinus fontinaiis avoidance imipition 1969
“ook trout, -— Reduced sac fry 0.4 mg/kg Cwerrier, et al., 1967
salvelinus tontinalis survival in eggs -
Brook trout, 24 nours  Rltered temperature .oF Gaidner, 1973
Salvelinus fontinalis select ion
Brook trout, 156 cays Stignt reduction in Z my/kg Macek, 1908
Salvelinus fontinalis s&x fry suryival in food
Brook trout, ¢4 hours  Altered tenperature 10 Miller and Ugilvie, 1975
Salvelinus fontinalis select ion
Brook trout, 24 hours  Altered tamperature 100 Peterson, 1973
Salvedinus fontinalis select ion
Lake trout (fry), -—— Recdu.d survivai 2.9 mg/kg Burdick, et al. lyts
salvelinus namaycush in fry
toldtisn, 2.5 hours Loss of nalance ad 1,000 . Aubin and Johnsen, 1969
Carssius auratus decreasad sportaneous

electrical activity of

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

Kesults of similar feeding studies in screech owls (Mclane ang Hall,
1972) were comparable. After two breeding seasons with diets containing
10 ppm ULDE, treated birds laid egys with shells that were 14 percent
thinner tran untreated birds. Longcore et al. (197la) also reported on
the effect of DUt on the eggsnell composition. black ducks were feg
diets containing 1U ppm and 30 ppm UUE and mallaras were fec diets

witn 1, 5, and 10 ppm DUE. Eggshells had increases in the percentages of
magnesium, sodium, copper and, decreases in parium, strontium and
calcium,

Thin eggsnells contribute to cracking and reduced reproductive success,
but other effects are also noted when UDT is present in the diets cf
birds. Porter and Wiemeyer (196Y) fed captive sparrow hawks a diet con-
taining dieldrin and BUT. The major effects on reproduction were in-
credased egy disappearance (by breakage and eating of the young by
parents), increased egg destruction by the parents, ana reduced eggshel)
thickness (8-1U percent. thinner). Similarly, the feeding of DUE to
mallards at levels of 10 ppm and 40 ppm resulted in eggshell thinning
(13 percent) and cracking (75 percent) as well as marked increases in
mortality (35 percent) (Heath et al. 190Y). 0ULU and UUT also impaired
reproduction, but less severoly than ULE.

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

In field tests, LUT was applied in oil at 2 lps/acre over a four-year
interval on bottomland forest (Kobbins et al. 1951). By the fifth
sprinyg, there was a 26 percent decrease in breeding bire populations.
Over the four year period, the American redstart, parula warbler and red-
eyed vireo suffered decreases of 44 percent, 4U percent, and 28 percent,
respectively.

Gallinacious species seem to be most resistant to most environmental pol-
lutants and raptor species the most susceptible {Cooke, 1973). 1ln North
hAmerica and Britain shell thirning is directly associated with population
decreases of raptor species.

In a classic paper, Anderson and Hickey (1972) studied over 2000 eggs of
11 species in 14 geographic areas. They found the following resuits:

1) An apparent decrease in the golden eagle population in tne
western North America since the 189%'s.

2) Eggshell changes to be rare before 1939 and quite common for
sometime thereefter. This coincides with the advent and
widespread use of DUT as an insecticide.

Blank Pages

LR E T

CAR N s e v



3) Shell-tuinning had not occurred in 9 of 25 species. Uthers
showed varying decreases in shell thickness.

) Shell weights decreased by 20 percent or more.

Nearly 8 spccies had rejional declines in population and in some

cases the decline seemed to be continuing.

-

o &
~—

Hulbert (1975) discussea avian preaator aependent 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 resedrchers have attempted to cetermine tne cause of eggsheil
thinning. The work of kolaja and Hinton (1977) is illustrative. It was
demonstrated tihat eggshell tninning in mallard ducks could be correlated
with a 35 percent reauction in ATPase activity in tne microsomal fraction
of eggshell glang epithelium. Since this Ca-aTPase is associated with Ca
transport, it was suggestea that this inhibition may be responsible for
thin eggsnelis. In an earlier paper, Kolaja and Hinton (1976) haa noted
that uuT inducea shell thinning was accumpanied by histopathologic
alterations in the shell gland of mallara ducks. Table I-1lb presents a
summary listing of toric effects of DOT on various bird species.

5.5 MAMMALS

The data on toxicity to various mammalian species is limited. Aquatic
manmmals tiroughout the world accumulate substantial concentrations of
many different organochlorine pesticides (Stickel, 1973). Clark and
Prouty (1977) fed lob ppm DDE in mealworm bait to female bDig brown pats
for 54 days. Thereafter, b were frozen, and 16 were starvea to death.
DOE increased in the brains of starving bats; however, tremors and/or
convulsions, characteristic of neurotoxicity were not observed. The
brain UDE levels reached 132 ppm.

5.6 ALGAE AND FUNGI

Four species of freshwater algae have been reported as sensitive to DUL7T.
UDT levels ranged from 800 ug/1 to U.3 ug/l and effects includea altera-
tions to growth morphology and photosynthesis. These data are summarizeg
in Tabie I-17.

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

6.0 EPA AMBIENT WATER QUALITY CKRITERIA FUR LDT

-

tPA has proposed ambient water quality criteria for DDTR using guidelines
developed earlier (EPA, 1979; EPA, 1478).
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accoragance with this section of the Act, such food is considered
by FUA to be actionable when:

1) tne pesticide residue level exceeds an estaplished toler-
ance or is at or above an establishec action level; or

2) there is evidence clearly demonstrating tnat a pesticide
residue 15 present due to misuse, regardless of whetner
there exists a tolerance or action level.

The FUn guidelines manual (FUA, 1978) g.ves the following general _
criteria for sampling and analytical work to support recommendations for
action at the district level:

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

1) The sample collected was representative of the shipment in
accordance with the sampling instructions contained in
Section 443 of the Inspectors Uperations #anual; and

2) Tne exact portion of food preparea for analysis is specified by
the analyst and was in accordance with 40 CrR 180.1(j) or if
not appropriate, in accordance witn Pesticide Analytical Manual
(PAM) Volume I, Section 141; and

3) An original and check analysis on the quantity of resiaue was

BN performed and the results obtained from each are in reasonably

y 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 methoa and residue level. Tnerefore, it becomes a
judyement decision that has to be made on a case-by-case
basis.); and

oy

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

5) The analytical methods used for the original and check analyses
are contained in the PAM, Volume I or Il or the AUAC Book of
Methods or are otherwise considered by DRG to be suitable tor
FDA regulatory purposes; and

6) The district 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.

In FOA, 1979, the regulations are further explained as follows:

Action levels for poisonous or deleterious substances are
established by the Food and Drug Administration (FUA) to
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control levels of contaminants in human food and animal feed.

The action levels are establisnec ana revised accoraing to
criteria specified in Title 21, Coce 7 Federal xeguletions,
Parts 109 and 509 and are revoxed when 3 reGu.at:on estabiisfi-
ing a tolerance for the same sudstance ana use Zecome efrective.

Action lev=ls and tolerances represent 1imits at or apbove whicn
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 tne product at the
minima)l detectable level of the contaminant.

Action levels and tolerance are established pased on tne undvoig-
ability of tne poisonous or deleterious substance and do not re-
present permissible levels of contamination where it is avoid-
able.

The “Action Level" defined for UUTR in fisn is 5.0 ppm. UJOTk is aefined
as the sum of LUT, DUE, and UDD except "cu not count any of the tnree
foung velow 0.2 ppm" (FUA, 197§).
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Il. SITE SPECIFIL INFURMATIUN AND ANALYSIS

1.0 - A HISTURICAL REVIEW UF UDT MANUFACTUKE AND SUBSEQUENT ENVIRUNMENTAL
IMPALT AT ReDSTUNE AKRSENAL

1.1 MANUFACTURING PLANT HISTURY

Folluwing lease negotiations with Redstone Arsenal the Calabama Chemical
Company beyan the manufacture of DUT in 1947, sccording to a Uepartment
ot the Army report (CUIR, 1977) other concerns involved in the overall
operation were Solvoy Process Division of Allied Chemical and Lye Cor-
poration and John Powell and Company. Calabama, however, was on the KSA
property anu responsible for unit operationz. Figure [I-1 presents a
chronology of activities related to initiat on of the plant operation and
subsequent impact.

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

Seven years later in 1954 tne 0lin HMathieson Chemical Company became the
Tessee and continued UUT manufacture. No improvements for treatment of
wastewaters were carried out until 1965 when a settling pond was con-
structed. Uuring this time production was estimated at 1 to 2 million
pounds per montn (USPhS, 1964). 0lin kept the tacility operating on =
/-day scheaule. By 196y, 2,250,000 pounds were being manufactured
montirly which was near the 2.5 million production capacity of the plant
(USAEHA, 1969).

1.2 PRIUR CONTKUL EFFORTS

A review of the chronology of waste treatment shows thit the settling
pond constructed in 1965 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 FeSU, ard 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 UDT required that concentrations in wastewater discharged
to Huntsville Spring Branch not exceed 10 ug/1. The original aitch
conveying wastewater had accumulated so much UDT that the ditcn itself
was a source and posed a problem for Qlin in reeting the standards.

In February 1970 0lin installed a carbon filter at the outlet of the
settling pond to keep the LUT level at or below the 10 ug/! limit for
discharge (USAEHA, 1969). Sometime later the same year the Fedcral Water
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Meevy uss of pesticides on colton crops to
corbet boll weeviis was carried out during
the summer. Stormweter runoft carried sub-

S, DOY preduction bagun by Calshome Chomi-
“7 " wst Corperstion i in 8 lsassd facility on

Redstons A i. Pt ity was ap-

proximetely 25 milhon pounds per veer. stentiel smounts to sreems tributery W

Wantoweter smeuvated 10 shout 1.5 MGD die Tonnemwse River. Appicstion in Limestone V]

cherged L I te t0 and Madison Counties was 2.7 snd 6.5 md. H

Hunmville Speng Brancn ang Whaesler Wild- hon pounds rewpectively Pefticide mixture -

lite Refuge. ' inctuded 5% DOT. ' "
1947 1948 1949 1950 1951

DI

DOT levels in wzste ditch contained maxi- 6%
mum of 2,409 ppm. TVA shows range 8u
The old ditch treated with [ime and ferrous  in water to be 1-60 micrograms per liter Pk

suitate and filled. A new ditch was dug gre
parailel to the first. TVA proposes ducharge guideiines of 10

mwcrograms per liter DDT. R

FWPCA wsstablished discharge standacd ot 10 Settiing ponds were constructed. Ponds by

micrograms per liter DDT. Settling pond ine sccumulate sbout 12,000 ibs. of ODT i1n tess 15

DOT wastewater enisrged. than 3 months. Ov

\ ' \ se

1968 1967 1965 19'64

A

FWPCA sh HS8 dis.oly bel FWPCA showed mean levels of DDT in Analyus of crows collected
drmnage ditch to have an sversge of 3.85  water beiow discharge trom drainage ditch Patuxent Wildlife Resesrct

micrograms per liter DOT 1n water. to be S mecrograms per Liter, DOT levels as high a3 119
t:;sue and spproximately 1

The DDT content of mamr

Otin-Mathi ane in June it will
give up lease and stop DOT manufacture at 0.5 pem 1n rebbit muscle
Redstone Arsenal. opossum. The level 1 tat rar

348.5 ppm in these ar.mals

Anslyss by TVA shows catfish muscle to
contain 13.5 ppm in sample collected n
Wheeler Reservoir below Decatue.

DOT analysis by Alabama Dept of Agricul-

ture & Industries showed channel catfish to y

contain from 0.70 to 8.46 ppm st Tennessee ” Ay

River mile 295, cul
Plant demolished. Double-crasted Cormorant figh

Olin instalis carbon fiiter to reduce DOT sbsent from Wheeler Wiidlife Refuge for bel

levels tn wastewstaer. past 9 years. of ;

\
19

Y
1969 o 1971 1972

Federal Water Pollution Control Adi i Al Depertment of Conservation re- U.S. Army begins t.iinking w
tration st standards for DOT in ducharged ported tevels of DCT in fish nesr Trans = program at Redstone.
wastew ster at .020 micrograms per liter, high a8 71 ppm and nesr Decatur as high a3

17 ppm. Bas from Wilson Reservosir con-

tsined 373 ppm DOT.

FIGURE 1I-1. Chronology of Events Resulting from DDT Manufacture at Redstone Ar

SOUNCE: WATER ANO AIR RESEARCH, INC., 1980 —
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sutacture of DOT.

\
1954

Wheeier Wiidlife Refuge pemonne! note a
97.5% reduction 1n the Double-crested Cor-
morant population. During s 10 year period
from 1949 Cormorants annusily visiting the
Raefuge was reduced from 2000 to SO birds.

19759 1958

1 9'6 o

Abatemen ' program suggested to $10p Migrs-
tion of DDT trom Aedstone to Huntsville
Spring Branch. TVA data show catfish et
TRAM 275-292 contained sbout 5 opm. TVA
estimate that 4000 tonsof DDT in sediments
from HSBM 2.45 to 5.9. Ducks oollected in
Wheeter Refuge showed DOT levels to be

containing DOT on Redstane (area comparable to levels found in fish. Totel
e closed. DODTR in waterfowl renged frum 1.2 t0 2252
Y o Y
1976 1977 1978 1979

A

FDA monitors fish 1n Tennessee River and
salected fish markets. DDT lavels in some
samoies well above 5 ppm limit,

AEHA surveyed land, weter, sediment: and
snime! life. Fish were found to have an
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o Table II-1. Wastewater Characteristics from UUT kanutacture at RSA

n.f'

.
[ S Pl
Y
‘l
)

Calcium chloride Monochlorubenzene
Hydrochloric acid Hypochlorites
buT : Chloral

Sulfuric and Sulfonic Acid

Note: UUT levels ranged up to 0.5 mg/1.

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 OUT that could be released in process water. Production of DOT AN
stopped by June 1970 as Oiin coula not treat their wastewater in a manner el
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 carried out.

Short term containment measures were completed in 1977. Tnese included e

filling and sealing the old settling basin,-wiveirsiun-uf drainage around
the old nlant site, and installation of two dams in the drainace ditch to
create saaiment retention ponds. In January 1979, a water filtration/
carbon adsorption unit was installed to further treat the water leaving
the drainage ditch. Later in 1979 surface soils at the ola plant site
were removed and placea in a state approved landfill Tlocated on the
Arsenal. Further restoracion has included excavation and landfilling of
contaminated seciments in the old ditch, stabilization of old disposal
sites to preclude surface erosion, and installation and operation of a
subsurftace water monitoring system. Based on these actions future
migration of UUTR from /i senal property to Huntsville Spring Branch
should be negligible.

1.3 HISTURICAL CHRONULUGY OF CUNTAMINATION

The record of e :nts relating to Olin's facility and the spreaa of UDT in

the environmen: shows that no aquatic surveys were conducted for 16 years RN

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 organcihiorine insecticides. Tnere was

no data during the late 19Y40's of DDT impact on the environment via

biomnagnification and bioconcentration through foud webs. The risk to man

as far as health effects was considered insignificant.

By 1963 the Public Healtn 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 Water Quality Surveys

The utilities branch at Redstone carried out some of the early surveys.
Altihough no data are available, the general conclusion following water
and sediment analysis is that Huntsville Spring Branch wac grossly
polluted ana reflected the effect of industrial wastes from industry ang
Arsenul activities on water guality. Aside from wastes originating from
Huntsville, other firms on or near the Arsenai contributed wastewater to
Huntsville Spring Branch. Compunents incluaged chlorine and caustics
(Stauffer Chemical), iron and nickel carbonyis (GLAF), rocket propeilants
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(Thiokol), ana otner resiuues relatea to rocket research and pruduction
(USCUE, 1Yyob).

The pollution of Indian Creek ang Huntsville Spring Branch (hSH) contin-
ueg unabated and without apparent concern during the 1950's. Increasing
frequency of risn kills and otrer pol!lution related events in all proba-
bility ied to sampling efforts to establish water quality levels. The
first of these was initiated by the Public Heiltn Service in 1964

(USPHS, 19bd). Table [I-2 preserts data showing tne leveis of UUTR in
Indian Creek anag Huntsville Spring Branch. Some limited information on
Wheeler Keservoir near Decatur is also inciuded. It should be remembered
that contamination of these surfice waters also included beryllium,
chromium, cyanide, cadmium, acids ano other unknown components relatea to
tne rocket research program at Redstone. These substances along with DOT
wastewater lea to the biological degradation of the Indian Creek -
Huntsville Spring Branch system {(CLIR, 1978c¢).

Sampling related to DUT residues was sporadic until late 1967 wnen the
Federal Water Pollution Control Administration established a station at
Mile Marker 5.4 on Huntsville Spring Branch. Monthly collect-ons were
made until May, 1909. whether these samples represented coapcsites or
grabs is not hnown. The values ranged from 0.3 to 60 ug/l amd incluaed
analyses for the firsc four montns of 1970 wnen the prograim evidently was
discontinued.

Following cessation of DUT manufacture no water samples were analyzed for
this resiaue until 1977. These results (Tapole [1-3) snow lower bLUT
values than during the 196U-1970 perioa. Relatively little significance
can be attributeg to the aata since the sampling sites are not compar-
able. Analyses also were conducted on Tennessee River water. As the
table shows, LUTR did not exceed 0.U5 uy/] ana most were less than

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

1.3.2 DLT Levels in Aguatic Sediments

Work on the LUT levels 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 pernaps
1978-1979.

A review of the available information presented in the accompanying
Tables 11-4 to 1i-6 shows a trend toward increasing levels froum Indian
Creek Mile O (ICM-0) to Huntsville Spring Branch Mile 5+ (HSBM-5+) near
the confluence ot the ULT arainage aitch. Uirect comparisons are diffi-
cult as sample sites varied from midchannel to overbank ana samples
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Tavle [1-2. Loncentrations of DUT in burface Water to 1970 (ug/1) -

Date Location put DOE Dub UOTK yata Source
11/63 HSsM 9.7 .- 0.33 - U.35 UsPHS
11/63 HSBM 4.7 1.6 4.1 .- 5.7 USPHS
11/63 ICM 4.6 0.06 - - 0.00 USPHS
12/63 HSEM 5.7 0.14 -——- -——- 0.14 USPHS
12/03 HSEM 4.7 47 ~—- .- 47 USPHS
12/63 ICM 4.6 J.ht ~—- == 0.51 USPHS
12/63 HOBM 5.7 0.03 --- --- 0.05 USPHS
12/63 HSBM 4.7 135 ~—— -—- 135 USPHS
12/63 Itk 4.0 8.6 - - 8.6 USPHS
12/63 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 JSPHS
12/63 TKiG 305 .06 .- --- .06 USPHS
12/03 TR 305 .02 --- - .02 USPHS
12/63 TrM 305 0 -—- --- 0 USPHS
12/63 TRia 305 0.67 -—- -——- u.67 USPHS
1/64 HSBM 5.7 0 -—- --- 0] USPHS
1/04 HSBM 4.7 11.0 3.4 ——— 14.4 yspPHs
1/04 [LM 4.6 4.6 3.0 - 7.0 USPHS
1/04 HSBl 4.7 0.14 0.08 .- 0.22 USPHS -
1/64 [CM 4.6 1.8 1.4 -—— 2.2 USPHS SR
1/04 HoBi 4.7 0.3% 0.0z ——— u.37 USPHS
1/64 Itk 4.6 0.04 1.1 .- 0.15 USPHS
1/04 Tk 305 0.30 0.1¢ -——- .42 USPHS
1/64 TRM 304 0.07 0.14 - .21 USPHS
9/65 HSBM 4.7 74.0 2.2 2.2 75.4 USPHS
Y/65 ICM 4.6 0.8 g.6 - 1.4 USPHS
9/65 HSih 5.7 3.3 U .- 3.4 USPHS
y/6h HSBM 4.7 83.6 1.87 1.92 87.39 JSCOE
9/65 HSBM 4.7 27.96 1.08 0.97 30.01 USCOE
y/65 HSBM 4.7 110.3¢ 2.90 3.00 116.2¢ ‘ ySLot
9/65 HSBM 5.75 3.34 0.12 -——- 3.46 UsCot
9/65 ICM 4.6 1.3 0.53 2.51 4.34 ~ USCOE
9/b65 ICh 4.b 0.55 0.83 3.11 4.6Y US.DE
Y/b5 1M 4.6 0.52 0.24 1.0 1.82 USCOE
10/67 HSBM 5.4 6.6 ——- - -——— FW(jA*
11/67 HSBM 5.4 6.4 -—— --- -—- FWQA*
12/67 HSBM 5.4 2.1 .- - -—- Fw(A*
1/68 HSBM 5.4 2.6 --- - -—- FuA*
2/68 nSBM 5.4 2.9 D - --- FWQA*
3/68 HSBM 5.4 2.3 -——- .- -—- FWA*
4/68 HSBM 5.4 2.6 -—- - - FWUA*
5/68 HSBM 5.4 2.3 ——— -——- -—— FWQA*
b/68 HSBM 5.4 3.2 -—— -——- -— FWA*

~~~~~~~~~~~~~~~
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Table (1i~-2.

Concentrations of DUT in Surface Water to 1970 (ug/1)
(Continued, page ¢)

Uate Location DuT Uut DDu DUTK data Source
7/68 HSBM 5.4 1.¢ -—- -—- - FWUAT
8/68 HSBM 5.4 1.1 --- - .-- Fiiigh*
5/68 HSBM 5.4 4.5 --- --- --- FWynx

lu/o8 HSBM 5.4 5.1 --- --- --- Fuwga*

11/68 HS8M 5.4 6.1 --- --- --- FwQA*

12/08 HSBM 5.4 2.1 --- - -——- FWUA*
1/0Y HSBM 5.4 4.4 --- --- --- FWQAX
2/69 HSBM 5.4 1.3 --- --- -—— . FrA*
3/09 HopM 5.4 5.3 --- --- - Fuigax
4/69 HOBM 5.4 8.2 - -~ —-- FWQA*
5/59 ASbM 5.4 7.3 .- -n- an- Fiya*
1/70 HSBr 5.4 4.7 - - ——— Fwia*
2/70 HSBM 5.4 3.6 - - - FhQn*
3/70 HsBH 5.4 5.6 - -- - --- FRUA
4/70 HSeM 5.4 3.6 --- - - FWQA*

*all FWyA data reportea as averages.
“ange of values from 0.3 to 60 ug/1.

Source:

USPrS, 1964; USPHS, 1965; USCOE, 196b; FWQA, 1970

11-7

REVISED APRIL 1984

P
PPN

PRISPREN N VSRSV YELIET S B

P
aaa‘s

S

R SRS
MPSLE P N

"l
.
4
-4
3
-
X




Nl SO

Table 11-3. voncentrations of DUT in water Subsegquent to 197u

NN

| DA

Uate Location LT VDUE Duv DUTK Uata Source v
7/77  TKM 102-567 No detectable residue - %
N¢ detection limits stated. TVA E
10/77  Iem 1 0.16  0.13  0.34  0.63 TVA é
10/77  ICHM U 0.04 0.07 0.18  0.29 TVA h
10/77  TKM 320 <0.01  0.01  0.03 >0.08-<u.05  TVa ﬂ
10/77  TRM 311 <0.01 <0.01 <0.01 <0.03 TVA g
10/77  ThM 285 0.0l <0.01 <0.01 <u.03 TVA | 5
16/77  Tki ¢77 <0.01 <0.01 <0.01 <0.03 TVA
10/77  TRM 272 €0.01 <0.01 <0.01 <0.03 TVA :
10 and IC-West and "<1.0 ug/Y (19 samples) : : CDIR : . f
11/77  Nortn HBoundary 2]
1977 IC at Triana --- --- --- 9 USAEHA ffz;i ;
11/77 1€ at Moutn --- --- --- 0.3 TVA Ald E
11/77  IC 1 Hile TR E R (N - TVA 3
above Mouth ;
11/77  TkM 1 Mile S R TVA 3
below IC ‘ ?
11/77  BFCM 0.5 0.1 0.026 0.072 >0.108-<0.118 TVA 7
11/77  TRW 333 <0.01 <0.01 <0.0l <0.03 TVA | é
11/77  1IC | <0.0. <0.01 <0.01 <0.03 TVA | ?
11/77 w8 0.0l <0.01 <0.01 <0.03 TVA ;

Note: Values in uyg/1.

Source: TVA, 1977; USAEHA, 1978; CDIR, 1978a & b. -
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Table ii-4. Concertrations of ODT in Indian (reek Sediments,
Mile Segment 0-8, Analyses during 1963-1978

Uate  Mile marker puT DUk LuoU DUTR UData Source
10-
12763 l.u 0.8 0.8 --- 1.6 USPHS
4.0 11.6 6.0 ——— 17.6 UskitS
4.b 17.0 6.V - 23.0 TVA
7.75 2.0 0.7¢ .-- 2.72 USPHS
Y765 4.p 9.3 1.2 Z.1 12.6 USPFHS
3/73 1.0 0.8 -——— - - USAEHA
/77 U U.08 0.14 U.24 0.4b6 TVA
u.91 1.2 --- ——— -—— USAEHA
u.91 11.85 --- - -—- USKHEHA
0.91 Z8.9u -—- e .- USKERA
u.91 41,08 --- .- - USALHA
u.91 40.45 -——— - .- USALHA
0.61 30.80 - -—- - USAEHA
0.91 41.47 ——— --- ——— USAEHA
0.91 34.38 - - - USAcHA
0.1 33.8Y4 -——— --- - USAEHA
U.91 35.47 - R - USAEHA
U.91 33.23 —— -——— -—- USAEHA
0.91 3.03 .- --- .- USAEHA
1.0 0.16 0.13 0.34 0.63 TVA
11/77-
37178 1.0 - -—- --- 28.31 COIk
1.38 --- - —-- 38.14 CDIR
.2 .- - --- 70.35 CUIR
2.4 -—- - -—- 29.41 CUIR
4.6 ——— --- - 13.35 CDIR
5.33 ——- - ——— 4.58 COIK
6/78 4.0 .- - - 0.11 TVA(D)
4/78 2.2 0.81 2.9 7.9 11.61 TVA(a)
2.4 0.06 0.53 1.5 2.39 TVA
3.9 0.16 1.9 2.2 4,26 TVA

Nute: Concentration in ug/gm.

Source: TVA, 1Y63; USPHS, 1964; USPHS, 1Y65; USKEHA, 1977; Tva, 1977;
CUIK, 1978(a) & (b); TVA, 19Y78(a); TVh, 1978(b).
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Table I1-5. Concentrations of UDT in huntsville Spring branch Segiments,

Mile Segment U-2.5, Analyses during 1963-1975

bite

Mile marker vuT OLE Uub UUTR Uata Source

10-
12/63

Y/75

Y/73-
3774

1e/77

1977

12/77
1977

b/78

y/78

43¢ 150 -—- 208 GSPR3
40U --- .- --- TVA

2,500 —-- --- --- Usens

NN
.
LS AN § S o)

2.5 14,71 3.12 la.02  3¢.4b5 USPHS

2.5 0. --- —-- ce- uskRs

U. 36 YU ——— - .- UdHERA
1.0 32.66 --- --- --- USKE A
1.31 59.8 --- --- --- USAEMA

1.7 1.4&- --- .- --- TVA

Z.u 1.3 eee eee oo USALA

2.9 32.5 --- -—- -—-- TVA

0 - --- --- 21,7 Tva(a)
u.b% --- - -—- 23.Y TVA(a)
1.0 --- --- --- y.6 TVA(2;
1.u 0.28 0.31 u.1Y u.7e tPA
1.7 2,040 - - --- Tvala)
2.0 --- --- --- 2,940 TVA
.5 --- --- --- 4 G4z Tva
2.5 2,100 240 430 1,780 EFn

220 19 76 315 TVA({L)
0.35 2.0 76 75.34 TVA
L0.04 0.06 0.us 0.15 TVA
0.015 0.045 v.0sY U.U%y TVA
6.0 O.¢7 1.5 7.7 TvA

N s =
. .
———
[ 3N « 2V
N Sy gt

« .

O NN S~

hote:

concentration in ug/gni.

{a) Core
(b) Core
{c) Cure

Source:

0-6"
b-12% .
12-18"

H u o

TVA, 19035 USPHYS, 1964; USPHS, 1975; USAEHA, 1977; TVm, 1977;
iVA, 1978(a); Tva, 1978(vL); EPA, 1978; TVA,.1974(D).
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; i:jtx Table Ii-6. Concentrations of DUT in Huntsville Spring brancn Sediments,
S Mile Segment 2.6-5.b, Analyses during 1963-19/8
g
' Date  Mile Marker  ULT DUE LU UDTR  Data Source
. 1u/03 2.55 43¢ 136 --- 568 USPHS
! 10/63 4.7 6,500 --- -—- .- USPHS
12/03 2.55 2,500 --- --- -— USPHS
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 --- --- --- USPHS
' 12/77 4.0 39.8 --- -—- --- USAEHA
| 4.2 19.5 --- --- --- USAEHA
: 4.2 919 --- - - TVA
: 4.3 5.11 --- --- - USPHS
‘ 4.5 Yy34-
e 5,441 --- —-- ——- TVA
R 4.7 1,865 --- TVA
< 4.7 128.54 -—-- -—-- --- TVA
5.3 18,434 --- -—-- -——- USAEHA
5.6 0.38 --- --- --- USAEHA
9/78 3.0 3.0 5.7 10.3 19.0 TVA
3.0 530 97 390 1,017 TVA
3.0 11 “-- ~-- - 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(¢) 530 040 2,800 3,940 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.C4 0.05 0.07 0.16 TVA
3.65 50 64 190 304 EPA
3.7 0.49 0.75 2.5 3.74 TVA
3.75 0.079 0.050 0.038 0.167 EPA
4.0 0.64 4.7 11 16.34 TVA
4.0 0.13 0.65 1.3 2.8 TVA
4.0 1,017 ~—- - - TVA
87
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Table II1-6. Concentrations of DDT in Huntsville Spring Branch Sediments,
Mile Segment 2.6-5.6, Analyses during 1963-1978 (Continued,

page 2) T e
Date Mile Marker ouT Dut oo 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(¢) 5,700 360 1,700 7,760 TVA
4.2(d) 24,000 1,700 2,600 28,300 TVR
4.2(a) 12 4.4 12 28.4 TVA
4.2(o) 3 .44 4.3 7.87 TVA
4.2(c) 490 2,00u 41u 2,0 TVA
4,2 1,280 230 830 2,390 TVA
4.2(c) 430 160 920 1,510 TVA
4.3%(c) 820 62 190 1,072 EPA
4.5 700 110 490 1,300 TVA
4.5 27 5.7 19 51.7 TVA
4.5 16.34 - -—— -— TVA
4.6 100 19 96 ¢15 TVA
4.7(a) 94¢) Y7 1,100 2,137 TVA
4.7(b) 10,000 720 2,10V 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 O

4.7 0.20 0.16 0.45 u.81 TVA Sl

4.8 <0.1 <0.1 <0.1 <0.3 TVA —
4.8 1,500 180 490 2,170 TVA
4.3 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) 2,900 666 2,900 6,460 EPA
5.0 62V 86 350 1,056 EPA
5.5 0.12 0.042 0.058 0.220 EPA
HSs Loop 75 10 52 137 EPA

Note: Concentration in ug/gm.

(a) Core = Q-6"
(b) Core = b-12"
(c) Core = 12-18"
(d) Core = 18-24%

Source: USPHS, 14Y64: USPHS, 1965; USKREHA, 1977; TVA, 1978; TVA, 1978a;
TVA, 1979b; EPA, 1978.
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themselves varied from yrabs witn dredyes to coring uevices. rowever, no
significant trenn with time is apparent in this data.

As might pe expected tre hignest ‘evels ot UDT are in Huntsville Suring
Branch sediments.  Loncentratrons of D27 aver 23,000 uy/gm were reportea
in 1976 (Tva, 19790). In vctover 1977, concentrations up *o 4. ju ppo
were founa in the Tennessee Kiver helcws indian Creex (Table [i-/1.

1.3.3 Fish anug wildlife

Sporadic sampling of thne biota has been .ane with the majority occurring
from the mid-1970's. Concerns during the first aguatic surveys cdrrica
out in the lybu's originated from fish xills which appeared to oe in-
creasing in H>Y and IC. In 1964 TVA conducted 1n situ bioassays with
fathead minnows. In an 1§-hour test all fisn died. Toxic effects at
this time were attributed to the c¢ischarge trom the Stauffer caustic-
cnlorine plant and tne General Aniline and Film Corp. Anotner brief
sur/ey by USPHS in 1964 showed that below area 5000 where 00T anc other
ingustrial wastes enter Huntsville Spring Branch tne stream was devoid of
fisn and bottom orgarisms.

Peak annual oopulation estimates ror a number of water birds, raptors,
ana mammals at Wheeler National Wildlite Kefuge from 1943 to 197y are
presentec in Tables [I-8 and [I-Y. Ueclines for several species occurred
during the perioa of tne old DUT plant operdtion. For instance,
reductions 11 Uyuble-crested Cormorant populations were observed in the
early 1950's. By 1963 the cormorant population at Wheeler had Leen
reduced to zero. Since 1973, tne species has been reported again, though
in mouest numbers (Huntsville Times, 1979). it is not known whether this
or other observed trends resulted from UUT contamination at Wheeler. As
is discussed in more cetail in section 5.4, areawide or regionwice trends
may significantly impact local populations, particularly for miyrating
species. :

In May of 1964 the Patuxent Wildlife Research Center collecteu crows and
various mammals near the Arsenal. Analyses for UUT were made on muscle
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
maximun of 1,602.9 ppm. Table 1I-10 presents tnese results. The sample
size overdll was small, but tne evidence for bioaccumulation clearly is
apparent. :

As evidence of long term effects of organochlorine compounds increased,
the surveys in tne 1970's focused on DUl residues in fish and wildlife.
In September, 1970, the Alabama Uepartment of Conservation reported OUT
residues in fish collected in Wheeler Keservoir and vicinity to be above
FDA Timits of 5 ppm. Those species that exceeded the stangara were
channel catrish, smallmoutn bass and white bass. All species analyzec
contained UUT. Bottom feeders, rough and sport fishes were included.
Fisn from Guntersville Reservoir and Pickwick contained LDT levels
ranging to 2.97 ppn. In Wilson Reservoir the nighest concentration was
observed in channel catfish and smallmouth bass. Levels of UUTK were
8.55 and 6.42 ppm, respectively (see Table [1-11).
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Table I1-7. Concentrations of DOT in Tennessee River Segiments
(values in ug/gm)

Mile Concentration in ug/ym "Data

Date Marker Ut ULt Juu ouir Source
. /1 112.5 0.uul U.U0¢ U.uu2 0.0U5 TVA(c)
l 193.0 0.0u2 0.003 0.00¢ 0.007 TVa(c)

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 0.0u3 0.004 0.004 0.U1  TVa(c)
. /77 272.0 0.01 0.03 U.02 U.06  TVA
. 277.0 <0.01 0.03 0.0s <0.07 TVA
I 285.0 <0.01 0.ub 0.04 <0.11  TVA
! - 311.0 0.04 0.04 0.04 0.1z TVA
) '3¢0.0 0.12 0.10 0.14 U.36  TVA
N 1\/77 333.0 <0.01 <U.U1L <0.01 <0.03  TVA
\ 333.0 0-0.114 - - - CUIK
N St 0.49 - - - USAEHA
! Causeway*

12/77 St of 8.67 - - - USAEHA
. Causeway
: 11/77 W of 2.49 - - - USAEHA
- Causeway
- NW of 2.30 - - - USAEHA R
n Causeway S

*Wheeler Reservoir Cdusnway - Designated as North-South Roaa across
Ingian Creek near Mile 6.

PR &

Source: TVA, 1977; Tva, 1978(c); CDIK, 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 11-15. UUT Residues in ﬁhole Fish Collected Between 1977-79 (FUA)

et Concentration in ppm
Species Location DuT LDE 0Dv DOTR
Multiple 1 TrM-322 0.5¢8 4.11 5.93 10.6¢
Multiple 2 TRM-322 0 43.8 161.3 2u5.1
Muitiple 3 TRH-322 0 1.9 3.15 5.1
Multiple 4 TRK-32¢ 0 58.1 130.065 188.75
Multiple 1 TRi1-321 (] 29.6 49.95 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 4y .95 b4.4
hMultiple 5 TKM-321 0 3.86 . 5.89 Q.75
Multiple 6 TkM-321 0 5Y.35 119.15 178.5
Bass TRM-285 --- 0.23 uv.24 0.47
Sauger TRI-285 --- u.16 0.u9 0.25
Sucker TRM-285 - 0.1% .09 0.¢4
Catfish TRIM-285 --- 2.42 1.27 3.6Y
Carp TkM-285 -—- u.17 0.16 0.33
Bream Tki-285 --- 0.00 0.0% 0.11
Carp TRM-273 --- 0.73 0.6l 1.34
Sauger TKM-273 --- 0.65 0.60 1.2
Catfish ThiH-273 --- 1.09 0.70 1.79

. Catfrish TkM-311 5.4¢2 10.v94 17.6 33.46

ol gream Thi1-311 0 0.32 V.38 0.7

;ng carp TRM=311 0 U.38 0.20 0.58

- Bass TKel-311 0 1.54 1.14 2.68
Crappie TRM-311 0 0.42 0.60 1.02
Catfish TKM-320 0 Y.18 11.75 20.93
Bream TkM-320 0 1.84 2.61 4.45
Carp TRM-320 0 5.75 11.30 17.05
Bass TrM-320 0 7.Ub5 1z.01 19.0b
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.bb 7.03
Crappie TkM-277 0 0.03 0.02 0.05
Bream TaM-277 v 0.09 0.02 0.06
Sauger TRM-277 0 0.23 0.24 v.47
Bass TkM-277 0 0.78 0.65 1.43
Cattish Mallard Creek V) 3.77 5.62 9.39
Source: FUDa, 197Ya.
Note: In some cases DUT concentration was shown as 0O, in other cases no

value for UUT was shown. .
00
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Tdable 1[-16. UUT Residues in Uucks Lollected in Wheeler Wildlife Refuge

1978 \a":.
Uate of Collection: Uate of Kesults:
22 Jan 78 21 Sep 78
OUTR ppm
badwall Hen 1.55
Gadwall Urake 90.83
Mallard Hen 94.60 .
Wwood Duck Urake 39.74
Mallard Hen 18.66
Mallard urake 0.051
Mallard Urake 32.43
Mallard Hen 0.28
Mailard Urake 2.45 O
Gadwall Urake 1.22 Rl
Source: U.S. Army, 1Y478.
Note: Whole body analysis.
~®a
11-28 y
REVISED APRIL 1984

SSe

LA DU

s B
[SERPLILEARY IS

&
.

CAAMN

RVDAL IR



Table Ii-18. UDuT-kelated Compounas in Fresh and Frozen Fish Filets
From Triana, Alabama, January 197y

Source and Species Lab 00T LOL OLE ODTR

Frozen Freezer Fish:

Kednorse-Lanier coc 0.13 0.41 0.6 1.1
TVA  <0.3 0.32 0.5 1.0

Buffalo-Malone coc 0.8 62.5 21.6 4.9
TVA  <2.0 53.0 16.0 70.0

Buftalo-Fietcher cuc 1.0 39.8 10.8 1.6
TVA <2.0 27.0 8.7 3b.7

Catfisn-Cauale CuC 14.8 201.0 58.0 274.4
TVA  12.0 = 200.vV 50.0 262.0

White Bass-Fletcher cuc 0.2 2¢2.6 7.7 3U.5
TVA Q.0 21.0 6.6 ¢6.6

wWnite sass-Timmons CoC 0.12 2.3 2.4 4.8¢
TVA  <V.3 2.7 2.4 5.25

Wnite bass-Vaughn (W) 1.2 43.0 18.1 62.3
TVA  <2.0 7.1 2.8 11.9
Fresh Fish:

bigmouth Buffalo coC 1.2 76.8 30.0 110.0
: TVA <10.0 95.0 32.0 132.0

Carp cuC 3.9 152.3 58.2 214.5
TVA <10.0 99.0 30.0 134.0

Smallimouth Buffalo coC 13.4 157.8 56.9 2¢8.1
~TVA <10.0 98.0 29.0 132.v

Redhorse couc C.0 11.6 7.5 19.1
TVA  <2.5 7.8 . 5.1 14.1%

Shortnosed Gar cue  10.3 321.1 118.6 450.0
TVA <10.0 150.0 45.0 200.0

Spotted Gar TVA <13.0 210.0 6Y.0 285.5

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

Note: Samples were split between _he two labs, except for the spotted
yar sample that was only analyzea by TVA. '

Source: TVA, 1979p; CUC, 1979,
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looplankton samples collected in tne Tennessee River during late
sunmer/early autumn were dominated by c¢ladocerans; rotifers ang cyclopoid
copepods were also abundant. Phytoplankton samples collectea 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 ang abunuances of phytoplankton
and zooplankton taxa cullected in this study.

2.1.2 Huntsville Spring Branch and Redstone Arsenal Area

Huntsville 5pring Branch--Huntsvilie Spring branch originates at a spring
located off-site, within tne city of Huntsville, and runs through
Redastione Arsenal into tne Tennessee River. The stream occupies a mature
floodplain, which is larygely inundated due tc the Wheeler uvam. Toward
the lower end of nSk, between Indian Creek and iidsM 1.4, tne water
inundates the tlooaplain 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 [I-2). Ar algal
bloom was visually observed during the sunmer, 1979, field surveys.
Progressing upstream, the water becomes shallower and large stanas of
buttonbush (tephalantnhus occidentalis) can pbe found. Some of the
buttonbush stanas are completely overgrown and dominated by climbing
nempweed, Mikania scancens. A few otner aquatic plants occur within the
buttonbush swanps, 1ncluding Hiviscus militaris and Luuwigia sp. Muskrat
are abundant in these buttonbush swamps. -

Upstream of HOBM 3.5, large stands of tloodplain and bottomland swamp L,
forests occur. It is useful to consider these two hanitats as two ends N
of a continuum defined by frequency and depth of inundation. The swamp

association is flooded to a 2 foot depth, for as much as a year, or

longer. This induces the characteristic buttressing of the bases of

swampland trees. The flcodplain association is usually flooded only long

enough for stormwater surges. Since floouplain topograpny is not uni-

form, gradations between these two extremes exist. An example of this is

transect 1, (Appendix VI) where the ground is apparently too wet to

support the more mesic floodplain species, and is not wet enough to allow

swamp vegetation to dominate. It is therefore nheavily dominated by red

maple, which can occur anywhere along the wetland continuum. Transecis 4

and 7, (Appendix VI) are representative of the floodplain forest

association, while Transect 8, (Appendix Vi) is representative of the

bottomland swamp forest.

The floodplain forests were founa to be among the mcst diverse of tne
forest associations on the Kedstone arsenal, supporting at least 20
spe.ies of trees, (Appendix VI). Tnhey are dominated by green ash, red
maple, blue beech, American elm a1 hackberry. Ground and shrub cover is
sparse, and includes poison ivy, violets, peppervine (Ampelopsis
arborea), and lizard's tail (Saururus cernuus).

The bottomland hardwood swamp was found to be the leas{ diverse assocCi-

ation, ceing thoroughly dominated, where transected, by water tupelo,

Transect 4, (Appendix VI). Some of the water tupelo are quite large, the QN
T
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7able [:-25. Birds of the Wheeler National Wildlife Refuge1
(Continued, Page 10)
COMMON NAME SCIENTIFIC NAME SP S F W
Vesper Sparrow Pooecetes gramineus u ¢ ¢
Lark Snarrow Chondestes arammacuys r r
Bachman's Sparrow Aimophila aestivalis r r r
Jark-eyed Junco Junco hyemalis u r ¢ ¢
Tree Sparrow Spizella arborea ‘U u
Chipping Sparrow Spizella passerina c c c
Field Sparrow* Spizella pusilla c cC ¢ ¢
Harris' Sparrow Zonotrichia querula X
White-crowned Sparrow Zonotrichia leucophrys u c c
White-throated Sparrow Zonotrichia albicollis u c c
Fox Sparrow Passerella iliaca u ¢ ¢
Lincoln's Sparrow Melospiza lincolnii r r r
Swamp Sparrow Melospiza georgiana c ¢C ¢
Song Sparrow Melospiza melodia u c c
Lapland Longspur Calcarius lapponicus r o u
Taken directly from USDI, 197%
SP - Soring
S - Summer
F - Fall
W - Winter
3 a - abundant
c - common
u - uncommon
o - occasional ’
r - rare
| x - accidental Blank Pages

* pests locally
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Silver-Haired Bat
Eastern Pipistrel

Lasionycteris noctivagans
Pipistrellus subflavus
Lasjurus borealis

I ST

Table 11-26. Mammals Possibly Occurrina in the Wheeler National Wildlife -
Refuge1 -
»
COMMON NAME SCIENTIFIC NAME t
Opossum Dipelphis marsupialis ¢
Southeastern Shrew Sorex longirostris i
Least Shrew Cryptotis parva
Shorttail Shrew Blarina brevicauda g
Eastern Mole Scalopus aquaticus 2
Keen Myotis Myotis keeni g
Little Brown Myotis Myotis Tucifugus .
Gray Myotis Myotis grisescens =
Indiana Myotis Myotis sodalis ’
A

s

Red Bat -
Big Brcwn Bat Eptesicus fuscus o
Hoary lat Lasiurus cinereus -
Seminole Bat Lasiurus seminolus )
Evening Bat Nycticeius humeralis N
Eastern Big-Eared Bat Plecotus rafinesquel ~
Mexican freetail Bat Tadarida brasiliensis iy
Northern Black Bear Ursus a. americanus -
Raccoon Procyon lotor <
Longtail Weasei Mustela frenata ’
Mink Mustela vison N
River Otter Lutra canadensis -
Spotted Skunk Spilogale putorius -
Striped Skunk Mephitis mephitis N
Coyote Canis latrans "
Red Fox Vulpes fulva ;
Gray Fox Urocyon cinereoargenteus <
Florida Panther Felis concolor coryi N
Bobcat Lynx rufus 3
Woodchuck Marmota monax "
Eastern Chipmunk . Tamias striatus N
Eastern Gray Squirrel Sciurus carolinensis -
Eastern Fox Squirrel Sciurus niger @
Southern Flying Squirrel Glaucomys volans Z'
Beaver Castor canadensis -
Eastern Harvest Mouse Reithrodontomys humulis 2
Oldfield Mouse Peromyscus polionotus X
White-footed Mouse Peromyscus leucopus -
Cotton Mouse Peromyscus gossypinus 5
Golden Mouse Peromyscus nuttallii -
tastern Woodrat Neotoma floridana . N
Rice Rat Uryzomys palustris A
w@eA N

B AR
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Table 11-27. Endangered, Threatened and Special Concern Plants Possibly
Occurring on Wheeler National Wildlife Refuge

ALABAMA FEDERAL
SPECIES FAMILY STATUS] STATUS2
Trillium pusillum Liliacear E3 NL
Panax quinquefolius Araliaceae E NL
Neviusia alabamensis Resaceae E 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
Anemone caroliniana Ranunculaceae SSC NL
Veronica an20allis - aquatica Scrophulariaceae SSC NL
Valeriana ggycif1ora Valerianaceae SSC NL

lfrom Freeman, et al., 1979.
2ysp1, 19790,

v

3E=Endangered; T=Threatened; SSC=Species of Special Concern; NL=Not Listed.
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Table [I-28.

Endangered, Threatened and Special Concern Invertebrates
Possibly Occurring on Wheeier National Wiidlife Refuge

SPECIES

ALAZAMA  FEDERAL
sTATUS] STATUSZ

Arthropoda: Crustacea
Palaemonias alabamae

Mollusca: Gastropoda
Marstonia olivacea

Mollusca: Bivalvia
Pegias fabula
Quadrufa c. cylindrica
Fusconaia cuneolus

Fusconaia cor

Fusconaia barnesiana
Lexingtonia dolabelloides
Plethobasus cicatricosus
Plethobasus cooperianus
Pleurobema clava
Pleurobema oviforme
Pleurobema plenum
Hemistena lata
Ptychobranchus subtentum

Oromus dromas
Actinonaias 1. ligamentina

Actinonaias pectuirosa
Oboraria subrotunda
Oboraria retusa
Potamilus laevissimus
Toxolasma 1. lividus

SSC NL
PE NL
£, Pt NL
3 NL

3 3

3 NL

£ NL

E NL

E, Pt £
£, PE E
, PE NL
E NL

3 a

E NL

E NL

E E

E, Pt NL
E NL

NL

E, PE NL
NL

E NL
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S Table 11-28. Endangered, Threatened and Special Concern Invertebrates Possibly
RSNNA Occurring on Wheeler National Wildlife Refuge (Continued, Page 2!

ALABAMA FEDERAL
SPECIES STATUS] STATUSZ

Mollusca: Bivalvia

Toxolasma cylindrellus E E
Medionidus conradicus E NL
Villosa fabalis 3 NL
Villosa t. taeniata E NL
Lampsilis orbiculata 5sC €
Lampsilis ovata E NL
Epioblasma triguetra E NL
Truncilla truncat: T NL
Epioblasma brevidens T NL
Cumberlandia monodonta 55¢C NL
Plethobasus cyphyus ' $SC NL
RSP Ptychobranchus fascinlaris SSC NL
1From Boschung [ed.], 1976.
%From USDI, 197%.
3E=Endangered; T=Threatened; SSC=Species of Special Concern; NL=Not Listed;
PE=Possibly Extinct or Extirpated from Alabama.
|
e
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this species can tolerate the present high levels of pollution in e
Huntsville Spring Branch., The Olive Hydrobiid may well be extinct. RN

The 21 species of bivalves listed were drawn from Stansbery (In:

Bosc .ung, 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 w’'thin 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 I1-2¢) 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,
Hemitromia flammea, is moderately common north of the Tennessee River,
typically inhabiting limestone sgrings and their runs, including several
surrounding the Arsenal. It has been extirpated from Huntsville Spring
Branch, however, and il is not now known to occur anywhere within the
Arsenal. The southern cavefish, Typhlychthes subterraneus, is an S
obligate troglobite (cave dweller) found in subterranean waters in the ALY
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 albclineatus, "probably extinct as a species, is

known only from specimens captured in (Huntsville) Spring Creek" (Remsey,

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 wate: (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

I1-63
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Table 11-29. Endangered, Threatened and Special Concern Vertebrates
Possibly Occurring on Wheeler National Wildlife Refuge
ALABAMA FEDERAL
SCIENTIFIC NAME COVMON NAME LISTING LISTINGS
FISH _ 3
Etheostoma tuscumbia Tuscumbia Darter T NL
}mitrem1(i f_"_‘_‘.yi“ﬁ_‘j. F]dme ChUb SSC NL
Typhlichthys subterraneus Southern Cavefish SSC NL
Fundulus albolineatus Whiteline Topminnow SsC L
AMPHIBIANS
Cryptobranchus a.alleganiensis Hellbender T NL
Gyrinophilus palleucus Tennessee Cave Salamander SsC NL
REPTILES
Allicator mississippiensis American Alligator T £
Trionyx spinferus spinferus =~ Eastern Spiny Softshell 5SC NL
BIRDS
Aquila chrysaetos Golden Eagle 13 NL
Haliaeetus leucocephalus Bald Eagle E E
Pandion haliaetus Osprey E NL
Falco peregrinus Peregrine falcon E NL
Dendrocopos borealis Red-cockaded Woodpecker £ 3
Florida caerulea Little Blue Heron SsC NL
Mycteria americana Wcod Stork SsC NL
Nycticorax nycticorax Black-crowned Night Heron 55C NL
Accipiter striatus Sharp-shinned Hawk SSC NL
Accipiter cooperi Cooper's Hawk SSC NL
Buteo lineatus Red-shouldered Hawk SSC NL
Falco columbarius Merlin SSC NL
Thnryomanes bewickii Bewick's Wren SsC NL
Limnothiypis swainsonii Swainsons Warbler SSC L
Aimophila aestivalis Bachman's Sparrow 5S¢ NL
MAMMALS
Myotis grisescens Gray Myotis E 3
Myotis sodalis Indiana Myotis E E
Ursus a. americanus Northern Black Bear E. NL
Felis cencolor coryi Florida Panther £ E
Sorex 1. longirostris Southeastern Shrew SSC NL
Myotis 3. austroriparijus Southeastern Myotis SsC NL
Myotis 1. Tucifucus Little Brown Myotis §sSC NL
Myotis keenii septrionalis Keen's Myotis SSC NL
Plecotus rafinesquil Rafinesque's Big-eared Bat SsC NL
Prairie Vole SsSC NL

Microtus o. ochrogaster

1
2

From Boschung, [ed.], 1976
From USDI, 1976b.

>

JE=Endangered; T=Threatened; SSC=Species of Special Concern; NWL=Not Listed.
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throughout its length 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, Agqui.a crysaetos, is seen rarely in Alabama in the
winter. |t does not breed i1n Alabama. It inhabits wila country, especi-
ally mountains and large forests. It eats a variety of rodents and large
birds. [ts rarity in Alabama is attributed tc illegai shooting (Keeler,

In: Boschung, 1976).

The Bald Faqle, Haliaeetus leucocephalus, once was common in the

-Tennessee River Valley, nesting there in the summer and even wintering

there. HNo recent nests, however, have been found in Alabama. Fish are
its main food, supplemented by carrion, smail mammals, birds and snakes.
[ts decline is attributed to pesticides, illegal shooting, and harassment
(Keeler, In: Boschung, 1976).

The Osprey, Pandion haliaetus, was formerly a fairly common breeding bird
in the Tennessee Valley. It has been rare during the past decade, and,
although it has appareatly been making a slow comeback since DDT was
banned, it still does not breed in the Tennessee Valliey (Keeler, In:
Boschung, 1976). This species feeds entirely on fish, making it
especially susceptible to DOT poisoning.

The Peregrine Falcon, falco peregrinus, rare in Alatama in winter and on

migration, formerly bred along the Tennessee Valley. it feeds primarily .
on birds, especially waterfowl and chorebirds, thus exposing itself to A
pesticide poisoning. This is the factor blamed for its catastraphic ‘w.:',;

decline. No recent breeding records are known from Alabama (Keeler, In:
Boschung, 1976).

The Little Blue Heron, Florida caerulea, is a resident c¢f 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 smail fish. Being exposed to the DOT contamination, it may
be accumulating DDT. :

The Sharp-shinned Hawk, Accipiter striatus, is a locally common,
permanent resident of the northermn portion of Alabama, and winters
throughout the State. It feeds in open woodlands, primarily on small to
medium-sized birds, but occasionally takes mice, frogs, lizards and
grasshoppers. Pest1c1des are given as the probab]e reason for its
decline (Keeler, In: Boschung, 1976).

The Coaper's Hawk, Accipiter cooperi, was a common, year-round resident
of Alabama, especially in moderately wooded areas. [t 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 1n Alatama until about 1970. Since then the

population has experienced a rapia decline....Habitat destruction and @i
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pesticides are factors infla&uéing tre declining population" (keeler, In:
goschung, 1Y70). L

Bewick's wren, Thryomdnes bLewickii, breeas uncommonly in the Ternessee
Kiver Valley d4ng the mountains of nlabama. Its numbers have aeclined
grastically tnroughcut the Southeast since 195s. Tne cduses are pooriy
understood, altnough, since it feeds primarily on insectc, pesticides iy
nave been a factor. Hhabitat changes do not appear to be a tactor 1In the
gecline. fiorth Alabama is on the periphery or its range (Keeler, In:
Boschung, 1976). :

svwainson's warbler, Limnothlypis swainsonii, is an uncomnmon surmer resi-
dent 1n the Coastal Flain ang Tennessee xiver Valley of Alabama., It
teeds primarily on insects. It breeds in river swamps, particularly
where cane (Arunginaria) grows. The project area, particularly along
nuntsville Spraing braich, contains significant amounts of this habitat.
However, recent evidence indicates the alavama population is tco tninly
dispersea ftor individuals to find mates and breed (Keeler, In: Boschung,
1976). Also, insects do not appear to be very abundant along nuntsvilie
Spriny Branch, as evidenced by aquatic macroinvertebrate data, anc by
direct field observations.

Bacnman's Sparrow, Aimophila aestivalis, is a permanent resident every-
where in Alabama where there 1S suitable habitat, which is dry pine and
scrub oak woods, particularly tne dry ridges (keeler, In: Boschung,
1476). This habitat does not occur within the project” area.

The lack-crowned ilight heron, Nycticorax nycticorax, is an uncemmon,
year-round resident of the area (USDI, [979a). Its main fooa is fish,
but it will also feed on a variety of insects, smali rodents and
reptiles, amphibians, and aquatic crustaceans.

The Merlin, Falco columbarius, is an occasional autumn and winter visitor
to the area (USUI, 1979aj. It feeds primarily on small birds up to the
size of piyeons, and will also eat small mammals and large insects
(Keeler, In: Boschuny, 1976).

The american alligator, Alligator mississippiensis, apparently did not
oriyinally inhabit the project area. However, several saurians
(alligators or cropical caimans) have been sighted at tne Wheeler Refuge.
Tnese are believea to be released pets |Speake and Mount, 1974).

Two species of endangered mammals are known to occur on the wheeler
KRefuge (Atkeson, Personal Communication, 197Y), and thus possibly in the
study area. These are the gray bat, Myotis grisescens, and the [ndiana
bat, Myotis sodulis. Uf critical concern to tne gray bat are suitable
maternity caves, of wnich there are two in northern Alabama. Neither
cave is located on Keastone Arsenal property (Uusi, 1976). The aistri-
bution of tne Indiana bat in Alabama is not well documented. both feed
over water on insects. Commercialization of caves and cave vandalization
are cited as the primary causes of their gecline.
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2.3 uwbtULubY AND PHYSTUGRAPHY

A considerable amount of general i1nformation has been drawn together in
the publication “tnvironmental teology and hydrology, Huntsville and
Magison County, Alabamd", publisned as Atlas beries 8 by tne Geulogical
Survey of Alabama in 1975. Thais publication states “The hills east of
Huntsville adominate Madison County's topography. Tnese uplanus are the
Appaltachian plateau - part of the Appalachian Mountains. The western
edge of the area, tne Cumberland escarpment, joins witn the interior Low
Plateaus area at its base-the flatter, rolling lands of Madison County".
There are some pronounced hills or small mountains within the Arsenal
property, whicn are comprised of rocks that nave not erodeu away.

The grouna surface is generally underlain with unconsolidated soil
materials which are generally transported accumulations resulting from
rock weathering and depositea by an ancestral stream. Nedr Huntsville
Spring Branch arm of Wheeler Lake, these materials generally lie on the
Tuscumbia Limestone which averages 150 feet in thickness. This is under-
1ain by the Fort Payne Limestone which, because it contains beds of
chert, is usually cslled the Fort Payne Lhert. The formation is gener-
ally 155 to 185 fret thick. [t is principally the limestones which serve
as the aquifers in the area.

Tue unconsolioated surficial materials (called Regolith), transmit some
water, but less freely than do the ungerlying limestone members, where
the water generally moves tnrough solution passages, mostly located along
fracture lines.

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 tnrough the rock. Uver geologic time the result is subsidence
features such as sinkholes, or even declines in the earth's surface
elevation over large areas whicnh 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 Keyolith caused by the weight of the water. The resulting new
sinkholes may provide a source of groundwater contamination, as oldar
sinkholes often do.

2.4 RYDKOLULsY
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area public or private water supplies were contaminated with LUT
(including its andalogs) or heavy metals. Tnis report concluded that
"None of the potable water supplies investigated during this study were
found to be contaminated with UDT or its metabolites. However, low
levels of other pesticides were detected at some of tne water supplies.”

In a later survey, EPA (1980) reported detectable DUTR in 21 of 21 wells
located in four areas of Redstone Arsenal. Concentration patterns
indicatea uniform widespread contamination not related to old DUT 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 defined for the
prehistoric period:

1) The Tennessee Kiver 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
differed. Uuring these periods, river valley and upland occupation was
characterized by a shifting settlement pattern, but as a whole encom-
passed a single settlement/subsistence system.

The 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 ana
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 pase 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 mey contain artifacts not sufficiently

Blank Pages
11-75 REVISED APRIL 1984



unique to be diagnostic o7 a Mississippian occupaticn, ur ..y not oe
detectable by present research metnodgs.

Uccupation of the project area during tne nistoric period consists e
primarily of settlement by agriculturaiists., wvost of tre sites are )
former farm nouses, and at several, tne remains of ine former structures

ana outbuilgings are evident on the surface. “nese $1ies are either on

or near to soil tnat is weli-suitea for agricuiture.

The sites in the project area are fairly abundant at asout 17 discovered
sites per square wmile. Analysis or environmental ractors indicate that
the sites teng to cluster in the following marner:

1) They tend to be on higner ground relative to the surrounding
terrain, with bottomland knolls particularly favorea

2) They teng to be found between the 565 ana SoU root elevations
3) They tena to De 0 to 2 meters above the nearest water source
4) They tend to be within 50 meters oF a water source

5) They tena to be on or near soils well suited for norticulture.

Thus we can conclude that the wheeler Basin is cnaracterized by an |
intensive prehistoric gccupation, and any elevatea knoll within a short
distance frum water is likely to yield evigence of prehistoric activity.

3.0 LLTR DISTKIBUTION Sl
.

3.1 ULDTKR IN SEDIMENTS

3.1.1 Indian Creek and Huntsvilie Spring Branch

Introduction--Significant contamination with UDTR resulting from past
wdste discharges trom the 01in UDT manufacturing facility, occurs in tne
sediments throughout both Huntsville Spring Branch ana Indian Creek. The
area of nighest contamination, however, is confined primarily to the
channel and near overpbank downstream from the old waste ditch outtall a
distance of 2.7 miles to just upstream of Doda Roaa.

It is estimated that over 475 tons of DUTR as LUT is contained in the
seaiments of tne channel, overbank and ponded areas of [ngian Creek and
Huntsville Spring Branch. Approximately 465 tons or 47.8 percent of the
total 1s containea within the sediments of Huntsville Spring Hranch
between Uoda and Patton Roads. uUnly 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 containeg in the sediments of
Indian Creek. Less than 1 ton of UULTK as DUT i1s aispersed over the
tloodplain to the south ana east of Inaian Creek and Huntsville Spriny

branch.
A summary of the UUTR concentrations found in the sediments of Indian
Creek, Barren Fork Creek (BFC) and Huntsville Spring Branch is shown in @
EPy :
A !
0
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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 Inuian Creek ana
Huntsville Spring Branch using planimetric metnods ana 1" = 80U’ scale
location maps.

The widtn along each transect in each hydrolagic class was determineg
from transect profiles supplied by TVA. Individual cores were then
classiried as to the hyarologic category intu whicn they were located. A
surface area was assigned to each individual core as follows:

as= (Ai)(b/B)

where: a = surtface area assiyned to core

R; = surface area assigned to nyarologic category i

B = width along the transect assigned to hydrologic cateyory i
o = width along the transect assigned to an indiviaual core, in

hydrologic category i.

The volume of sediment represented by each individual core deptn horizon
was then determined. Low ana high estiniates were made as tollows:

o 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 depth horizons: 0-6", 6-12", 12-24", and
>24", was determined as follows:

v = a(ze/b)ad
where: v = sediment volune assiygned to core depth horizon, low
estimate
t® = total transect width in deptn horizon assigned to
core
#d = depth increment in horizon (6" was assumed for >¢4"
depth horizon)

0 High Estimate--since the entire flooaplain «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
data may be somewhat ambiguous. Thus, a volume of sediment attributabie
to each core based simply on the depth increment of each horizon was
determined as follows:

V = asd

where: V = sediment volume assigned to core, depth horizon, high
estimate.

The total quantity of each DUTK isomer attributable to each core-depth
horizon was determined as follows:

m=YV ydrc

where: m = mass of the isomer attributed to volume represented by core
depth horizon

Blank Pages 11-9 R



N

PN v

Y4 * estimated unit dry weight of tne sediment in the depth

horizon RN
c = isomer concentration, ppm. el
Tne unit gry weight of the sediment in each depth norizon was calculated
using tne following equation and data supplied hy TVA from laterally
composited, disturped core samples:

Ts

d:
T
Y
(‘rr) s *1
where: W = moisture content

Yo = estimated unit weight of solids

. _ (1.03)(2.70)
(Z.70-1.03)+1.03

f = volatile solids fraction

. The areal distribution of DUTR was calculated by summing over the depth

horizons and isomers as follows:

(m/a)DDTR = rru Yd C

VOTK and individual metabolite totals and subtotals were determined bath
as straignt sums and as the equivalent weignt cf UDT. For ease of isomer L
and metabolite comparisons results are generally reported as 0U01. In A
situations wnere reported results were pelow analytical detection limits oy
a range of values was determined assuming:

(a) all less than values equal 0.0, and

(b) all less than values equal the stated value (i.e., reported

detection limit.)

In gentral sediment DUTR 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 [1-34):

Ce = (W) -z ¢

where: Ce = calculated concentration
W = weight factor = number of cores in the composite
T = lateral or vertical composite concentration
¢ = individual core measured concentration.

In arzas 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.

Uata was derived either from previous survey information (TVA, 1977) or oG i
estimated from samples taken in the course of this survey (see DI .
A

Taole II-35).




o] RS T B L A F e e L T L L Y A R N RN ST P T Y

PRI

‘ r
&
14
[+ 8
<
O
Laf
0
-
E .
ta
3
00°1L2 0£°29 00°2Il 00°901 000502 00°64¢ wbC-u0 e GE£°§ gSH L .
£8°9 S0°d 09°12 ov 11 98°9 19°0 ubZ-u0 ¥ 0°S gSH - .
00°¥9¢ 01°06 00°618 00°/6¢ 007996 0L LL whe-n0 £ 0°S 8SH L
96°% w1 b€ £L°S 05°¢¢t 98°¢ R ZAM 1- 0°S gSH
8L°S 2€°¢ 0L 11 2e L S0°1 G0°0 wel-u0 v ot gSH :
18°2 ) 8’1 £€8°¢ 9%°9 66°1 10°1 wCl-u0 01 S't 4SH
09°8f 08" L1 05°26 oy ob 0£°18 £2°§ wve-u0 I- Gt gSH
1w 821 £8°¢ 9%°9 66°1 10°1 wel=u0 ) 0°¢ 9SH
1% G S8°0 1] A ! 82°¢ 89°1 €U0 rAGH 1- 0°¢ gSH
69°51 00°01 92°GS 6L°91 0288 £yl wel=u0 2- 0°¢ 8SH
61°0 80°0 £€8°0 99°0 92°s 91°0 wel-u0 £ 02 aSH @
E
3qg-,d*d 300-,d°0 gagg-,d9°d @go-.d‘o 100-.d*d 1g0-.d*0  wuozyoy  uol3ed0T  ALIW  JRALY X N
yidag {RJUOZLJOH S
(wdd) suoLjes3uadu0) JuawWpas anpiLsay 100 pajewtls3 | eurwoy o

(2 abegd ‘panuijuo)) (wdd) suo13eAIUIIU0) JUBWLPIS 3NpLS3Y 100 pajewiysy °"se-1I alqel




General Extent of DUTK Contamination--Surficial sediments in the chan:el,

overbank, ponded and floodpiain areas of Indian Creek-Huntsville 3pring
Branch contain DOT residue levels ranging from <1 1b/acre to

>47 tons/acre as UUT. Figure [I-15 illustrates tne extent of the UDTR
contamination in HSB upstream of Mile 1.5 and downstream of Patton Ruad.
As this figure illustrates, the most hignly contaminateq areas occur
downstream of the old waste ditch outfall a distance of approximately
1.5 miles and within and 25uU-500 feet on eitner sice 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 flooc plain ang 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 Uodd Road in Huntsville Spring drancn contain
DDTR at levels ranging from U.001-0.5 tons/acre. Channel ceposits in
this stretch appear to be most heavily contaminated in the shallower
areas which do not appear to be actively scouring. For example, at

mile 1.7, three-quarters of a mile downstream of Uoda foad, 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 tu 3 feet shallower than the deepest
point in the channel where DUTR levels are approximately 17 pounds per
acre vs. 490 pounds per acre at the thalweg. Cnannel deposits in Indian
Creek downstream of the confluence with Huntsville Spring Brancn contain
UDTR levels 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 xoad 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. DUTR levels in this bang 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 syvmmetric wich respect
to the cnannel, with areas to the south uf the main cnannel contaminated
for greater distance than those to the north, reflecting the broader
width of tne floodpiain and overpank to the south. Uownstream of

Mile 4.0, overbank areas do not appear to be nearly as heavily
contaminated with LUTK, witn levels in tne range of <1 to 23 1b/acre.
Th?se 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 levelcs 5-1U times those
found in adjacent overbank areas. JUTR leveis generally range from

4-80 Ib/acre, although at Miles 3.u ana 3.5 levels in excess of

200 1b/acre were observed. Nevertheless, all ponaged areas sampled in the
course of this study contained LJTR levels 2-3 crders of magnituge 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 floadplain areas within 0.5 miles of the old waste
ditch outfall, surface (0-6") soils within the floodplain of Indian Creek
and Huntsville Spring dranch 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
VDOTR contaminating the sediments of IC-HSB.

The vertical distribution of the DUTR in the channel and overbank areas
is dependent upon the distance from the old waste ditch outfall.

Figure Il-lo illustrates the UUTR 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
DOTR contamination at depths >24" exist. Although there is some indica-
tion of highly contaminated sediments being covered by less contaminated
deposits, tnis does not appear to be a significant process as over

57 percent of the UDUTK ir the channel sediments upstream of Lodd Koad
occurs within 12 inches of the sediment:water interface.

As mentioned above, of the estimated 475 tons of DUTK contained in the
sediments of [C-HSB, 465 tons or over 97 percent is contained within the
2.7 mile stretch of HS8 between Dodd Road and Patton Koad. Of this
total, 333 tons or 70 percent resides in the channel bottom deposits,
136 tons or 2Y percent resiades 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).

The longitudinal, lateral, and vertical distribution of DDTR in the
sediments of HSB upstream of Uodd Road exhibit a somewhat complex pattern
as a result of repeated transport and deposition. Although 29 percent of
the UDTK upstream of Uodd Koaa occurs in the overbank areas outside of
the main channel, at least 131 tons or over 96 percent occurs within

200 feet of tne channel. Furthermore, over 99 percent of the total DOTR
in the overbank occurs upstream of Mile 3.5. Nearly 124 tons or

91 percent of the total VUTK in tne overbank occurs within 12 inches and
over 99 percent occurs within 2 feet of the surface.

Figure I1-17 illustrates the relationship between the mass of DUTR and
the associated volume of sediment in channel, overbank and ponded areas
of IC and HSB as well as the overall mass-voiume relationship. Removal
of +99 percent of the DDTR contaminated sediments from IC and HSB would
require the displacement of one million cubic yards.

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 channe)
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 UDTR
contaminated sediment in the IC-HSB system. The next 20 percent of the
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Table 11-3b. Mass Uistribution of DUTR in the Sediments of Indian Creek

,ﬁSSB and Huntsville Spring Branch as a Function of Hydrologic
N Category, August 1479

Hydrologic Category

Channel Overbank Ponded Total

~Tons Tons “Tons Tons
Location Deptn as ouTl as buT as DOT as uuT

HSBM 2.4-5.6 0-6" 82.2 71.4 1l.¢6 159

b-12" 104 52.0 0.10 156

12-24" 1u¢ 12.7 V.14 115

24" 39.1 0.21 NEGL 39.3

Overall 327 136 1.5v 465

HSBM U-2.4 v-b" 4.25 0.22 0.15 4.62
6-12" 1.65 0.006 NEGL 1.71
12-24" 0.34 NEGL NEGL 0.34
>24" 0.03 NEGL NEGL 0.03
Overall 6.27 0.28 0.15 6.70
v - ICM 0=-5.0 0-6" 1.4y .14 0.57 2.11
MY 6-12" 0.69 NEGL NEGL 0.69
4 12-24" 0.85 NEGL NEGL U.85
>24" 0.04 NEGL NEGL 0.04
Overall 2.98 0.1¢ 0.14 3.6Y

NUTE:  Includes estimated data.

NEGL = Negligible
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UDT residue contaminates an aoditional 0.17 million cubic yardas. Just
under 99 percent of the UUTR is associated with approximately 1.0 willion
cubic yards of sediment, the bulk of which occurs in the channel and near
overbank deposits in HSE upstream ot the confluence witn IC and
downstream of the old waste ditch outfall., Tne next U.75 percent of the
UDUTR contaminates a volume of seaiment approximately equal to the volume
contaminated by 99 percent of the total SuTH.

Pnysically, the surface sediments tnroughout rmos* of Indran (reex and
Huntsville Spring 8ranch range trom clay to clay loam to sanay clay.
Channel sediments throughout siost of Indian treek downst-eam of the
contluence with HSB are clays witn over 75 pe: .ent fines. Sediments in
HSb exhibit greater variation in general than thase in [C. Hevertheless,
the distribution of DUTR in the sediments of botn IT ana nSb does not
appear to correlate closely with any of the physical characteristics or
thne sediments.

Nearly 67 percent of the tota! ULUTK in tne sediments of [C and nSB, or
318 tons. occurs as either tnhe o,p- Or p,p-isomer ot LLT. The remaining
157 tons exists as one or the otner of the-metabolites, ULD or ULE.
Uverall, DULDU is the primary metaoolite, constituting over two-thirags uf
the metabolizea fraction or 113 tuns. ~pproximately 4¢ tons occurs as
DuE, the other major metabolite.

Tne distributional patterns ot UDT and each »f the metabolites are all
different from each other as well as that of the sum, i.e., UDIK. The
relative concenzration of DUT is related to the total UUTK concentration.
Higher relative UUT concentrations are correlated with nigher UUTR con-
centrations as snown in Figures [!-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 0U-b" seaiments as a
function of distance from tne outtall, UUT constitutes bU percent of the
UDOTR in HSB upstream of bodd Road, 45 percent downstream to the conflu-
ence with IC and only 27 percent of the DOTR in Indian Creek. In HSE
upstrean of Uodd Roaa at aepths >24" over 80 percent of the DUTR is DUT.

Figure I1-22 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 Mile 4.2. The relative
distribution of each of the metabolites across this transect follows a
pattern analogous to that of the longitudinal distribution, with DUT
constituting most of the DuTK in the heavily contaminatea channel and
nedr overbank sediments, witn ULU and finally UuE preduminately as one
moves to areas furtner from the neaviest contamination. This figure also
jllustrates the relative distribution of the o,p- and p,p-isomers. In
general it appears that the p,p-isomer is predominate regardless of the
metabolite.

3.1.2 Tennessee Kiver and Tributaries

A summary of DUTKR concentrations in sediments in the Tennessee Kiver and
tributaries is shown in Table [[-37. uvetectable quantities of DUTR were
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found in three of the seven tributaries in amounts ranging from (.02 to
0.17 ppm. Considering "less than" valuc:, ihe maximum amounts that could
have been present were 0.1l to 0.2¢ ppm. If no isomer was detected, the
UDTR detection 1imit was generally reported as <0.14 ppm. .

Samples were taken in the Tennessee River from mile 200 in Wilson
Reservoir to Mile 375 in Guntersville Reservoir. Detectable guantities
of UDTK were founa in all nine samples froem TRM 26U to TkM 3U0. The
average actually detectea was 0.03 ppm with a range of 0.05 to 0.1U ppm.
Considering "less than" values these levels could be as much as 0.18
(0.16-0.19) ppm.

No DUTR was detected in either of the two sediment samples taken in
Guntersville Reservoir at TKM 350 and 375. Nor was UDTR getected in
either of the samples taken at TKiv 320.8 and 325 in Wheeler Reservoir
upstream of the confluence with L.

The UUTR was estimated for Wilson Keservoir, wheeler Reservoir

(TRM 275-300), Limestone Creex, Paint kock Kiver, and Spring Lreek. No
estimate was made for areas where no DUTK was detected. Ine amount of
UUTR was calculated assuming a six inch gepth of sediment, medsurad
moisture ana volatile solids fractions, bottom area at high pool (i.e.
elev. b56) measured UUTK values ana the calculation procedure described
in Section 3.1.1. The results are as follows:

Total DUTK, 1bs

Wilson Keservoir

B0 <1,780
Tennessee River ¢75-3U0 7

2,790 <3, 880

V VNV VYV

Paint Kock River u.y < 1y
Limestone Creek 34 < 134
Spring Creek 45 < 8l

3.2 UISTRILUTIUN OF DUTR IN WATEK

The quantity of UDTR suspended or dissolved in the water column at a
given instant is a relatively minor fraction of the total quantity of
UDTR in the IC-HSB-TR system. For example, based on the range of DUTR
concentrations observed, in Wheeler Reservoir ang its major tributaries
during the course of this stuay, Including IC and HSB, less than 1 ton of
DUTK as DUT is likely to ever be in suspension at a given point in time.
[f the DUTR were uniformly gistributea, nearly 0.3 tons would have to be
in the water columns to reach analytical aetection limits reporteu in
this stuay.

Maximum UUTR concentrations ovserved during tnis study occurred at HSb at
UDodd Koad during stormt event sampling on 1/18/80. A total UUTR concen-
tration of 17.8 ug/1 as LUT was ovservea, of which over 80 percent was
associated with suspended material >lu. UUTK levels measured in the

- waters of the TR and tributaries were generally below or only slightly
above analytical detection fimits. This fact, couplea with the
relatively small data base precludes nore precise estimate of GUTR i ‘ne
water column.
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3.3 BIUTA
3.3.1 Plankton ;i:i;

The inclusion of inorganic particulates in both the phytoolankton and
zooplankton samples made separation of these components impossible.
Therefore, the amount of DDTK in suspended solids was used and the reader
is referred to Section 3.2 for this information.

3.3.2 OUDTR in Macroinvertebrates

The macroinvertebrate UUTk values are reported based on a unit weight of
organism (™g DUTR/gn organism). The total weight of organisms in the
sample is reparted also but no incication 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 DUTKR in the benthic community in the HSB-IC system and in
Wheeler Reservoir. Because of tne wide difference in DOTKR concentra-
tions, the areas have been divided ana the DUTK in macroinvertebrates
estimated separately for each area. The total OUTR in macroinvertehrates
is calculated using tne 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 foilows:

1bs. UDTR
Huntsville Spring Branch l.
indian Creek 1.3 S
Ternessee River Mile 275-340 .40 ey
TOTAL 13.3

3.3.3 \Vertebrates (Except Fish)

Samples were collecteq from various vertebrates in the study area. These
were turtles, snakes, Lreen Herons and Wood Uucks. A separate report Dy
the Patuxent Wildlife Research Center (U'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. Tnere are
no available population estimates for these species, so only ralative
amounts can be calculated. For the purpose of this section, the amount
of OUTK in birds and mammals will be estimated with the following
assumptions:

1) The level of DDTR employed in the calculation is based on tne
maximum mean value;

2) The biomass for birds is an estimate considered to be a con-
servative value; and

3) The overail estimate of LUTR in the vertebrate population is
based on the area of wWheeler National Wildlife Kefuge.

it
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For migratory birds, approximately 50,000 ducks ana 30,000 Lanada yeese
utilize tnhe Kefuge during the winter period. utilizing a 4 ppm UUTK -
level rtor Mallard ducks as the pase resiaue amount (U'Snea, 1980); any ar -
average weight cf 5 pounds per oira then waterrow! populations of this P
size would cuntain 1.0 pounds of DuUTx. [If tne assumption is made tnat
all other bira species contain the 34 ppm UUTK, then per

10U,00u ingividuals (1 pound average) the amount would be 0.4 pounds.
The amount of DUTK in virds at a very conservative estimate is about

Z pounds.

In mammals, an estimate of 25 pounds 01 biomass per acre is considered
appropriate (Marion, 1980). Tne wneeler Wildlife Refuge contains =
37,0648 acres. Analysis Dy TVA shows that snrews contained tne nighest 3
level (5¢ pom) in the Huntsville Spring brancn area. Using tnis concen- :
tration at 1lU percent of the per «cre biomass and Y0 percent at 1 ppm,

then the amount of UUTR in wneeler Refuge incorporatea in the mammal by
population is b poungs. This amcunt is consigered a high estimate and in

actuality tne level is probably lower.

NI 3 VO

3.3.4 ODUTKR in Fish

o

Because of the many variables involved it is not possible to obtain a
precise value for the total amount of ULUTK in Fish in Wneeler Keservoir.
The average standing crop of fish has been estimated from 56 samples
taken from lydy to 1Y7Y by TVA to be 5U4 pounds per acre. This number
has ranged over the years ana 0y location in the reservoir from 118 to
1180 pounas 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.
iy Nevertheless, it the assumption is made that the stanaing crop throughout
. wheeler Reservoir is 5u4 pounds per dacre and tnat the average UUTR
concentration across all species is 1 ppm, tne total amount of DDTK in -
fish in Wheeler Reservoir (including tributaries) would be 34 lps. If -
the average UUTK concentration was assumea to be 10 ppm, a figure that -
should be an upper limit, the total amount of DUTE in fisn would be

340 pounds.

DIV I/ W IR SN YO

3.4 OVERALL DISTRIBUTIUN UF DUTKR
The overall distribution of UDTR in the study area is as follows:

Tons Percent of

Substrate

Sediments
Sediments
Seaiments

Location

IC and HSB
TkM «75-300
Wilson Res.

of DUTK

Total

99.4
0.29-0.40
U.Ub-0.19

Sediments Uther Tk Tribs. 0.0 2 0.008-0.025
Water Wheeler Res. <U,3- <0.063-0.21
Fish Wheeler kes, 0.017-0.17 0.004-0.036
Macroinvertebrates wheeler Kes. U.0v7 V.001
Mammals Wneeler Refuge U.003 V.U01
Birds wheeler kefuge 0.0ul 0.001 "

@®™ TUTAL 477-479 100
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4.0 ENVIRUNMENTAL TRAASPUxT ur ULTHK

4.1 PHYSILAL TRARSPUKT UF LUTH L

4.1.1 Introouction

Fluvial transpo.. .35¢2rs to o€ the Té .7 process Qisperstt, the oui=
contamination occurrinG 1n tre sediments uf n.. and TL vnre.on Lne
tiospnere, wuUTm 19 Currentiy Celni Irar S,0riee Gul CF Uik ((-rug
drainage basin at a rate OT U.31 G 1.3 WONS per year, or 5.u7 16

0.3 percent per year of trne totai quantity cantaines wiinirc ine seaiments
of the [C-HSB system. ‘

4.1.2 Methodology

In the course of this Study a consigerable gata base relaling to tne
transport of uuUTK within and out O {ne [u-rSo wLrainaje Gasin has been
generatea by TVA. An extensive rnetwors of nycrciogic eéré watar guality
MONItoring stati~ns was €STabiiSNEC upSirean aofd GOwNstreas OF Lhe urea
ot highest UUTK contamindlion and &n 1nlensive Tleid Sanjgiting Lrogram was
carried out ftrom Auqust, 1479 tnrougn Aurii, 1YsU.  Tne igcatians ot tne
rain gauge, stream gauging stations, water Guaiity Samy.ing STATIONS ang
bedload sampling stations used in tie course of thils Siuuy are snGwn in
Figure 11-24.

A1l rain gauge ana Stage recoras were suppiica Ly TVa for tre perioc of
recora. Streanflow adta was obtainea from tield nutes also suppliea by

TVA. Suspended sclias data for size fractions gassing a .u (nom.) glass L
fiber and retainea on a U.45u nembrane Yiiter; passing a ciu Steve ana PR
retained on a lu (nom.) glass fiber fiiter; and retainec ¢i 3 o3u sieve, -er

were supplied by TVA. Volatile suspencea s0.1aS data ¥or fractions
passing a 63u sieve and retained on a glass fiper filter; zng retaired on
4 b3u sieve were also suppiiea Dy TVa. LUT resicue aata tor tractions
passing a 14 (nom.) giass fiber filter {(i.e.,"aisscivea/suspendea®™) and
retained on a lu (nom.; glass fiber Tilter ang passing a fsu Sieve {i.e,
“suspended” ) were also supplied by TVA.

A screening procedure was aeveloped to determine tne primary factors
arfecting the transport of DUTK witnin ana out of the [C-nbs ¢rainage
system. This procegure utilizea the CULkK (Correiation Matrix), STEPWISE
(Stepwise Regression) ara GLM (General _inear “Model) procegures of SAS
(Statistical Analysis System) {ShS, 1979). Tne first step involved the
identitication of tho<e factors girectiy or indirectly afrecting the
fluvial transport of LUTK. Tnose factors igentified, ang Guantified to
the extent possible, included: . '
sampling location

gischarce

mean cross sectional velocity

season
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relative position in the runoff hydrograph (i.e.,rising or falling)

event related parameters, including the sampled event,
the type of event (i.e, headwater flood or tailwater flood), ang
event anticedent conditions (stage, streamflow ang rainfall
related)

suspended solids load, and

volatile suspended solids load.

Each of the individual metabolites, UDT, DUV and DUE as well as the
total LUTR load were treated as dependent parameters. A separate line of
model development was tollowed for both the "suspended" and
*dissolved/suspended" DUTK components. All less than individual isomer
concentrations, as well as missing values, were assumed equal to zero.
For ease of metabolite and between location comparisons, all metabolites
as well as total DUTK were converted to equivalent weight as DUT. Al11
UUTK concentrations were converted to loading rates and the logritnmic
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
(1.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
streamflow data utilizing a second order curvilinear interpolation
procedure in order to account for unsteady streamflow conditions and the
time lag between discharge measurement and water quality sampling. The
logrithmic transformation of the corrected discharge was enployed in
subsequent analyses.

Mean cross-sectional velocity at the sampled cros: section at the time of
UDTK 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
Reservoir operations. However, problems encounter during the summer
sampling program precluded the utilization of this agate in subsequent
analyses or the determination of its signitficance as a factor affecting
UDOTR transport. Al1l estimates of summer season DUTR transport,
therefore, are based on winter season sampling results.

sased 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 the
event samplea, type of event and event anticeagent conditions. The event
saipled was treatea as a class type variable to determine if a signiti-
cant component of the error could be accounted for simply by event-event
sampling protocol. Kunoff events were classitied ¢S either headwater or
tai vater basea on wnether or not a significant component of the agown-
stream tlow component was contributed by flow originating outside of tne
[C-H>E drainage pasin. The criteria employed in this classification was
whether or not the stage in tne TK at whitesburg equalled or exceeged
elevation 5b4 feet mSL, the elevation of the saagle of the sill
separating the HSE drainage basin from the Unnamed Creek basin. tvent
anticedent counaitiors vbased on inter-event baseflow periods, inter-event
low stage periods as well as inter-event rainfall pericas were examined.

suspendea solids datia was obtained for each ot three separate size
classes; material retained on 4 63u sieve representing sands, detritus,
etc., material retained on a lu (nom.) glass fiber filter and passing a
b3u sieve representing silts and meaium and coarse clays; ana material
retaineg on a U.45u membrane filter and passing a lu (nom.} glass fiber
tilter representing primarily rfine clays. Meaningful partial sums as
well as total suspended solids were aetermined. All less than
concentrations were taken as egqual to half the stated value. All
suspended solid concentrations were convertea to loading rates andg the
lugirithmic transformation employed in subsequent analyses.

volatile suspended solids data was optainea for each of two separate size
classes: material retained on a b3u sieve and material passing a 63u
sieve and retained on a lu (nom.) glass fiber filter. Volatile suspended
solids was treated in a manner analogous to suspended solids data.

The general, rankea correlation coefficient matrix of Pearson Correlatiun
coefficients was employed to determine which of the competing, redunaant
predictive parameters were most closely correlateg tn UDUTK transport. Of
all the suspended solias 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, ounly the
suspended and volatile suspended solids fractions in the size range >lu
ang <bdu were employeda in subsequent regression modelling. Similarly,
the type of event {(i.e. headwater or tailwater) as well as
rainfall-related anticedent event parameters were the only event related
parameters utilized.

The STEPWISE procedure of SAS was employed to determine the most
significant main effect anga interaction terms to be employea in the
subsequent regression models. Finally, the GLi procedure was utilizea to
develop the final somewhat simplified empiricai model usea in subsequent
data analysis.

Suspended and volatile suspended solids loading-streamflow relationships

were developed utilizing multiple regression tecnniques ana the GLM
procedure of SAS. Separate regression niodels 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 variable in a manner analogous to
that empioyea in modeling LUTK trdanspurt.

An attewpt wdas mace to measure begload UUTK ana solids transport at
selected locations in IC and HSE. However, aS tnis component of both tne
total DUTK loaa as well as tne total suspended soligs load was determined
to be negliyible, bedload sampling was discontinued during tne winter
season sanpling period.

4.1.3 Discussion

A summary of tne seasonal streamflow auration relationsnips ueveluped by
TVA are snown in Table 11-38 and illustrated in Figures l[-24 througn
[1-28. These re'ationsnips were developed neglectirg reverse rlows.
seasonal stage auration relationships at whitesbury, Tkil 333.3 for tne
periond of recora 1/1Ys0 through 12/1979Y are illustrated n Fiqure [[-2y.
A sunmary ot "“suspendea" UUTK loading rate regression modgels tor the LT,
ULDU and DUE metabolites as well as Total DUTK loaaing rates is snown in
Taple 11-39. The corresponuing regression moaels for the
"dissolved/suspendea" UUTR loading rates are summarizec in Table I1-4u.
The reygression models tor the suspenceg sulids ana volatile suspenudea
sulids loading rates are summarized in Table [[-41.

Predicted seasonal and annual suspengea ann vcolatile suspendea solids
loads at each of tne sampling locations are summarized in Taples [1-4¢
and [I-43, 1in seasonal ana relative t2rms, respectively. Also inclugea
in these Zummary tables dre the 95 percent confidence limits about the
predictea nean vdlues. basea on these figures total suspenaea Sedinent
yield from the ASB drainege basin is not signiticantly gitterent fron
that ot tne [( drainage oasin, i.e., 29-64 and 39-70 tons/sg.mi/yr,
respectively. Suspenged sediment yield from tne IC/HSB drainage basin
during winter {Wovember-april) is over four times greater than auring the
sumnier (May-Uctober). Silts and medium ana coarse clays comprise over

9¢ percent of the total annual segiment luad at the moutn of IC, fine
¢lays comprise approximately 6 percent and sands the remaining 2 percent.
The silt ana meadium ang coarse clay component of the annual sediment loag
at Patton Koad on HSB upstream of the highest UUTK contamination is about
88 percent, fine clays comprising less than 2 percent ang sands over

10 percent of the total. In general, fine clay component of the total
suspended seagiment load, althougn reiatively minor, increases in the
downstream direction whereas the coarser component of the suspended
sediment load decreases.

As ingicated in Table I1-39 the suspenged DLT« transport rate in tne
[C-HSB system is predictea reasonably well, r=0.90, by considering
sampling location, agischarge, the type of runoff event (i.e., neauwater
or tailwater) and the transport rate of the corresponding suspended
solids size fraction (i.e., <b3u ana>lu). Predicted seasonal and annual
suspended UUTK transport rates through ang out of the [(-nSB drainage
system are summarized in Table 1I1-44, ana illustratea in Figures [1l-30
through [1-32. These preqictions are based Jpon the emuir ‘caily derivea
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L. LUTK transport wodel, mean seasonal discharge as determined from the

‘ ROANN seasonal flow duration relationships, predirtea seasonal suspended solids

| S transport rates as well as seasonal estimates of the frequency with which

? headwater and tailwater events occur in the sampled reaches of tne [C-HSb

* drainage basin. Also included in the suspended UDTR load summary tables
are approximate 95 percent confidence limits about the predictea mean

! loadings. These intervals were developed by takiny into account the

| uncertainty in the estimates of seasonal suspended solids transport as

| well as in the ULDTR transport model.

The transport rate of the dissolved/suspended coumponent of the DOTK load
in the 1C-ASB system is modeled by a soniewhat simpler relationship tnan
is the suspendea DUTK component (see Tables 11-39 and 40). Sampling
location, discharye and the volatile suspended solids loaging rate (<bdu
ana>lu) predict tne dissolvea/suspended DDTk transport rate reasonably
well, r=0.93. Predicted seasonal dissolved/suspended UUTR transport as
well as approximate Y5 percent confidence limits are also summarized in
Table 11-44 anda illustrated in Figures 11-30 throuyn [1-3Z.

4.1.4 Conclusions

Based on the figures shown in Table II-44, DUTR i5 currently being
transportea out of the IC-HSB drainage basin by means of fluvial
transport processes at an average annual rate of 0.o04 (U.31-1.3) tons per
year as DUT. In other woras, less than 0.13 (u.U7-U.27) percent per year
of the total quantity of DUTK contained within the sediment of the IC-HSH

ST systems are being transported tnrough and from the system by means of
ot fluvial transport processes. Over two thirds of this loac, or 0.43
R (0.23-0.80) tons is transported during the winter season (i.e., November

through April) with the remaining 0.21 (0.09-0.50) tons being transported
during the summer months. The DLTK load to the Tennessee Kiver is
approximately equally divided between suspended and dissolved/suspendea
fractions, i.e. 47 and 53 percent, respectively. As a result of low
velocities and the fine grained material comprising the channel ved in
the lower reaches of HSB and IC as well as the association of DUTK with
clay minerals, the bedload component of the DDTR Toad out of the IC-HSB
drainage system is negligible,

An examination of the predicted LUTK transport loadings indicates that
the net source ot the DUTKk being transported through the 1C-HSB system is
the stretch of HSE upstream of Dodd and downstream of Patton Koads. DDTR
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
yuarters of this load, or U.47 (0.20-1.1) tons, is transportea during the
winter months, a slightly higher percentage than that transported during
a comparable period out of IC. WHearly o5 percent of the annual UDUTR loaa
transported past Uoda Koad in HSE is associated with suspended material
<b3u ana>lu, as compared to 47 percent at the mouth of IC.

Less than 2 pércent of the DUTR transported out of the IC-Hdb drainage

system derives from sources in the HSU basin upstream of Patton kodd ana
the area of heaviest DUTR contamination. Altnough data corresponding to
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tnhat availaple in hSb does not exist for [C, the relative contripution to
the annual LUTK load exported to the Tennessee River from sources in the -
1C drainage basin upstream of tne confluence with HSb is certainly less IR
than by percent and more likely on the order of apbout 3 percent.

Examination of the estimated confidence limits about the predicted wnean
seasonai and annual fluvial DUTR transport rates indicates tnat the
suspended DUTR loading rates cownstream of Uoud Road could vary as much
as an order of magnituue. Dissolved UDTk loaaings can be pregicted witn
somewhat greater confidence, and may vary GQver a range of about 1:5. A
greater degree of relative uncertainty exists in predicting UOTK loads at
patton Koad, HSBM 5.9 upstream of the area of neaviest DUTR
contamination. Adding toO the uncertainty in estimating seasonal and
annual DUTR transport rates from and tmrough the 1C-HSB system is due %O
the fact that these estimates result from extrapolations of the
empirically derived models.

Examination of Figures [1-44 in which tne seasonal, suspenged,
aissolyea/suspended anc tota) LDTR loading rates are graphically
oisplayed along with attendant 95 percent confidence intervals ingicates
that, althougnh there is a significant increase in DUTK transport between
patton and Doda Roads in HSB, little can be stated with any degree of
confidence concerning puTR deposition OF resuspension rates downstream of
bodd RJad. Nevertheless, during the winter months tnere js an apparent
gecrease in the suspenced DUTR Yoaa of U.1Z tons per yedr and an increase
of 0.08 tons per year of tne DUTK load which is dissolved or associated
with Tine ¢lays or coiloidal material or a net deposition rate of

g.7 tons per y2ar in HSB gownstream of Dodd Road and IC upsiream of

mile 0.9. During the suminer months there is an apparent net increase in
tne UOTR transport rates of about 0.UY tons per year downs tream of Doad
Koad. Un an annual pasis, approximately §.u4 tons per year of suspenued
ubTR is peing deposited in 1C-HSE downstream of Doda Road and an increase
of U.Ub tons per year of tne LUTK load associated witn fine clays,
colioidal material or dissolved. Thus, On an annual basis the transport
of LOTR through the 1(-HSB system downstream of the most heavily
contaminated stretch of HSB appear to be of steady state.

As indicated in Table il-45, UOD is the primary metapolite component of
both the suspended and the dissolved/suspended guTR loads being
transportea past all sampling locations. pearly three quarters,

74 percent, of the tota) annual LLTR load exported out of the 1L-HSB
system is DUU. The metabolite LUE and UUT are transportea in roughly
equal percentages, j.e., 14 percent QUE and 12 percent pOT, out of
1C-HSk. The metabolite distributions of the suspended and

. dissolved/suspended DUTR loads are comewhat different. Tne relative DUE
1 and OUT components of the suspended LULTR fraction are 6.5 and 1.3 times
i tnat of the corresponding dissolyed/suspended DUTK fractions,
. respectively- The matabolite composition of the suspended LUTR load
; compares reasonably well to the average 0OTR composition of the surface
“ 0-6* sediments in IC downstrean of the confluence with H3B, i.e.
" 30 percent DUT, 41 percent LOD and 27 percent DULE. The greatest
é deficiency . ~curs in the puT component. The gissolved/ suspended VDTR
7 e
o R
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load appears to be deficient in ootn tne Lul ang Lut Comudnents, relative
to the surtface seaiments in [L. The metapolite wistriputiun or tne UuTR
loag voes not appear 1o vary significantiy in tne [C-ndE gownstream ot
the most heavily contaminated stretch of HyB.

4.2 ¢luLUGICAL TKANSPURT uF LDTH
4,2.1 Plankton

Tre transport of DUT in an aguatic system will occur principally through
sorption to particulates. Tnese may be inorganic in nature sucn as clays
or bioparticulates of various Ssize classeS. wn objective of tne stuay
was to determine the maynituce of DUTK transpcrt by plankton. Lonsiger-
ing the waters of Inaian Creek ang Huntsvilie Spring Erarncn as a point
source of DuTK to the mdin bogy of wheeler Keservoir, a series ot
sanpling stations were set up to aetermine trensport py the plankton
component, Stations rangea along huntsville Sgring grancn from hile U to
3.9, and in Ingian Creexk from Mile O te 4.b. Stations in the Keservoir
were located apove ang below the confiuence of Inuian Creex,

As part 5.1 of this appendix snows, results are masked by tne inability
to separate plankton irom inorganic particulates in the sampie. Tnese
inorganic suspended solids accecunt tor some of tne OGUTR in tne sample.
The total susperndea solia ftraction was employea as a reans of determining
movement of pusticide by this mecnanism. TVA gata show that tne DNTx
ascribed to phytoplankton began to rise at HSbin 5.37. This location is
immediately downstream from the former waste uitcn and represents a
heavily contaminated site. A peak was observed at fASEM 2.4 ana then
levels declined. Based on aritnmetic means the maximum &Ount was

10.5 ug/gm. At HS3M 0.0 the concentration had dropped to about half this
level. At ICM 0.0, the entry of the creex waters to wWheeler Resarvoir,
the concentration was 2.4 ug/gm and 1.21 uy/gm in two discrete September
samples.

Witnin the Reservoir tne concentration was U.2 ug/gin on an average at
stations above ang below I[naian Creek confluence.

Zooplankton collections exhibit 4 similar distribution pattern to
phytoplankton. Beginning at HSBM 5.Y increasing levels of LUTK were
cbserved downstream. A maximum of 1,065 ug/gm occurred at HSBM 2.4 with
a gradual decline to 332 at HSBM U.U. The concentrations are based on
arithmetic means of all samples collected from September tnrough Uecem-
ber, 1979. lIndian Ureek shows a distribution similar to that of HSB. At
mile point 4.6 an average of 338.7 ug/gm was noted with a reguction to
45.1 ug/gm at ILM J.0. In the Tennessee kiver levels variea from

0.17 ug/gm to 4.b ug/gm witn the maxiwmum at the upper ard lcwer extremes
ot wWheeler Keservoir. As with phytoplankton, the variation in UULTK with
tne two creeks could be a function of clays or other inorganic particu-
lates retained in the net and may not he a reflection ot the amount of
residue in zocplankton. Calculation of the amount transported by
suspenued solids his been inclucea in Section 4.1.1.
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Table 11-50. UUTKR Residues in Selected Biota within the Study Area

(Continued, page 2)

~ \2::\
R AR
Collection Sample Type Average Total
Location Date (Species) (DUTR (ug/g)
Tennessee River 3¢8.50 Hibiscus 0.007
Tennessee River 359.00 " 0.004
Huntsville Spring dranch 4,50 10/18/79 Lemna-Spirodela 5.6V
Huntsville Spring Branch 5.60 : Duckweed 0.071
barren Fork Creek 1.20 9/24/79 Zooplankton 52.0
Huntsville Spring branch 0.00 9/25/79 " 332.0
Huntsville Spring Branch 1.3U " 577.0
Huntsville Spring Branch 2.40 9/24/79 " 935.0
Huntsville Spring Branch 2.40 12/15/79 " 1,065.0
Huntsville Spring Branch 5.37 9/25/79 " 175.0
Huntsville Spring Branch 5.90  9/25/79 " 9.6b
Huntsville Spring Branch 5.90 12/15/79 " 1.70
Indian Creek 0.00 9/5/79 " 48.1
Indian Creek 0.80 12/15/79 " 3.03
Indian Creek 4.00 9/5/79 " 190.0
Indian Creek 4.00 9/25/79 " 168.0
Indian Creek 4.60 1¢/15/7y " 339.0
Tennessee River 289.90 9/28/79 " 4.641
o~ Tennessee River 315.00 9/25/79 " 0.567
e Tennessee Kiver 345.00 9/27/79 " 0.173
- Tennessee Kiver 350.UU 9/27/79 " 4.611
Barren Fork Creek 1.20 9/24/79 Phytoplankton 0.567
Huntsville Spring Branch 0.00 9/25/7Y " 5.65
Huntsville Spring Branch 1.3u  9/24/79 " 7.07
Huntsville Spring Branch 2.40  9/24/79 " 10.5
huntsville Spring Branch 5.30 9/25/79 " 3.26
Huntsville Spring branch 5.90 9/25/79 " 0.250
Indian Creek 0.00 9/5/79 " 2.44
Indian Creek 0.0V 9/24/79 " 0.207
Indian Creek 4.00 9/5/79 " 4,15
Indian Creek 4.00 9/24/79 " 3.311
Tennessee Kiver 289.9 9/28/79 " 0.200
Tennessee River 315.0 9/27/79 " 0.2uV
Tennessee River 345.20 9/27/79 " 0.200
Tennessee River 350.00 9/27/7y " 0.200
Y g
.";«.‘;*:'
11-164

Blank Pages REVISED APRIL 1984

R



Table [1-48. C(omparison cf UDuTx Concentrations in channel catrisn
Fillets i1 1979

Location April May July-uct.
TR=27U .- Z.b 1.3
TRM=275 --- 9.3 1.8
TKM-280 --- 10. 0.7
TkiM- 285 .- b.7 -
TRiM-290 --- g, 2.0
TKM-295 --- 3.5 1.9
TkM-300 --- 16. 12.%
TRM=305 65. 12.8
© Tkm=310 3l. 1.2
TEM-315 139 16. 9.1
TRM-320 70. 9.5
TKM=-325 26,1 0.3
TKM=330 39 1. 0.35
TKim-335 4.6° 0.3
Thi- 340 --- 17,1 1.2
TrM~-345 --- 1.9¢ 1.2
TKM-350 --- 2.93 ---
Thil- 35% --- 1.7 .-

Concentrations in ug/g o
TKM 270 in Wilson Keservoir
TRM 350-35% in Guntersville Reservoir

All other sites in Wheeler Reservoir
Unless otherwise rnotea all sanpies are six fish composites.
} Five fisn 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 stuay (see Appendix V),

@
Ll o
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Table II1-52. Summary of DOTR Results of June-July 1980 Fish Survey
Compos ite Individual Fish 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 4,7-3]
TRM 300 cC 9.0 11 3.0-18
TRM 305 cC 10 14 §.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 10C 190 0.74-1100
TRM 330 cC 34 32 2-140
TRM 340 cC 25 33 1.5-180
FCM 5 cC 50 45 10-150
LCM 3 ccC 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 SMe 12 19 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 LMB 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
vere in fillet samples.
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data on smallmouth puffalo ingicate tnat this species 1S contaminated
particularly at ang vownstream oY [(. uata on largemouth Dass showed
lesser overail contamination levels uut some individual fish .aa
relatively nign LUTR Tevels.

N

s
»

5.3.¢ Method of lontamination .

Clarification regaraing DGTh the source ang wechanism of UUTR contamina-
tion ot fisn in the T« is jwportant in assessing any proposea clean-up
plans. Several possibilities exist: 1) DuTR in tne Tx coula be coming
from the I[C-HSB system and possivly other sources, ¢} Fisn in tre TK
coula Le peconing contaminated due to low level concentrations of DUTKR in
the water and/or Sediments of the VX, 3) rFish in the Tk coula be becoming
contaminated due to uigration in and out of tne IC-HSY systen.

Sediment analyses ciearly snhow tne 1C-H3b systen as being a major scurce
of UUTK. Furtner, 1T nas been snown tndt at ieast some JuTd is being
transportea out ot the [C-HS8 system to tne TK. Seagiment ana water
analyses for the TR and tributaries incicate no otner signifticant source
of LUVR. 7“he only iunaication of another source Or significant LUIR
contamination is the elevateg UuTr levels in fisn sampled in

July-hAugust 198U from Fiint treex Mile 5. wo explanation for this is
known. Thus, the pest evidence seems to De that the HYs-IC system is a
major source of contamiration and possibly the only signiticant source.

The mechianism of contaminatinng of fish in tne TR is important not only S
in understanding the present situation but aiso in predgicting the co
efrectiveness of any clean-.p procecure. Uf particular importance is ~ -

whether contamination is ocCturring by migration of fisn from IC and HSB
or in situ due to exposure to very low levels of DOTR in sediments anag/or
water.  An examination of tne pattern of contamination for ingividual
fish in the June-July 1950 survey gives some ingication of the mechanisms
involved. Below IC from TkM 315 to 275 (9 samples) the average DOTKR in
individual channel cattisn was 10.6 ppm witn a range of 2.8 to 3i. Uf
the 5¢ individual tisn from tnis area, 44, or 31 percent, naa UUTK levels
oreater than 3 ppm. At TRM 320 (1 mile from the mouth o7 IC) all fisn
naa OUTR levels above 13 ppm. kpove Inaian Creek (TkM 325-340)

50 percent of the indiviguals hau UUTK levels greater than § ppm. Thus,
a more consistent pattern of contamination was touna oelow [C in tne TK.
Apove 1C the variation in UULTK values between indivigual tish was much
greater than below IC. The isolateg occurrences of very nhigh values
(>100 ppm) suggests an upstream migration from tre [C-H3B area.

Further evidence of possit’e mecnanisms invoivea carn be obtainea by
exammining the low values at each location. Below IC from TRM 318 to 275
the average of the lowest valuve founa at eacn location is 4.5 ppm UUTK
whereas above IC tne lowest values average 1.4 ppm DLTik. This suggests
that there is sufticient UUTK in t 2 Tr downstream of IL to produce 3
base level of contamination in charnel catfisn very near tne FlUa liwit,
Upstream, base levels are much lower ani contanination by migration is

ingicated. ‘
RS
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S s TVA has conductea fisn tagying ana movement studies in wheeler Reservoir

Bt (TVA, 197tgj. Sufficient recoveries were made for six species tu relate
gistance from release point as a function of time SinCe release. A
summary of the data is as foilows:

Listance from Kelease Point after 50 tays (miles)

égecies 20% of Fisn > 5% otf Fish »
Channel catfisn 7.6 13.9
blue catfish 4.7 12.7
Flathead catfisn 5.8 8.4
white cragpie 8.6 21.2
White bass 2¢.7 38.3

For all species except tlatnead catfrish, 5 nercent of the populdation
wouly ve expected to be wore then 1Z.7 miles from tne release point arter
b0 days. Toe wnite crappie and white bLass moved longer distances than
the catfish.

Thus while there is some evidgence to suppcrt the hypothesis tnat
migration is contriputing to contamination upStredn ov lC, evicunce alwo
exists that, downstream of IC, DUTK 1n tne Tenncssee Kiver is
contributing to fish contamination. >ix sediment samples from wheeler
Keservoir (TkM 275-300) and three sanples from Wilson xeservorr

{ TR 26G-270) all containeg low but detectable amounts ot Luln. The
highest ULTR concentration detected was only 21 percent above analytical
detection limits. Sediment samples upstream of Ingtan Creek (Trm 325,
350, and 375) nad no detectable wuT<. This suggests that tne source of
the DLTK is IC. However, agata on total DUTK in water du not dnolicate [L
as the sole source of ODUTR. In July-Aucust l9/9 tive samples of near
bottom waters from TRIM 270 to 35U snowzd no Lufk. However, 1n

Lecember 1979, a second sampling showed detectaole ancunts of total UUTH
in near bottum waters (U.U8 to L.Y ug/l) in 7 of lU samples with 4 of tne
positive samples coming from above IC.

The higher base levels of UuTR in channel catfist pelow IC indicate some
in situ contamination in that area. Some laboratory work has teen done
n an attempt to understanag the uptake mechanisms invulved. Macek ang
Korn (1970) studied LUTk uptake from food and water Dy fingerling brook
trout ang concluded that food was the most significant UDTR uptake route.
However, eurphy (1971) using tne mosquito fish, Gambusia, reported tnat
direct uptake of DUT frow water is of considerable importance especially
tor small fish. In a later study on fathead minnows Jarvinen et al.,
1976, concluded that the U0T bioconcentratice, tfactor from water was
100,000 whereas it was only 1.2 from fooa. If the 100,UU0 biocuncentra-
tion factor is valid for fish in the TK, a water concentration of
0.05 ug/1 would be sutficient to produce u 5 ppm level 1 fisn, A
0.U5 ug/l level in water is very low, below tne aralytical aetection
limit utilized in the current survey.
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Stuaies in Oklahoma snowed that catfish less than 300 mm. long fed
primarily on invertebrates while larger sizes were piscivorous (Jearla
and Gruwi, 1971). Wwalourg (1975) noted that catfish 15-19 mm. long ted
primarily on microcrustacea and larger fish ate both microcrustacea and
aquatic insects. Fish larger than 35 mm. fed primarily on insects. The
preferred species were chironomids and immature mayflies. both these
forms inhabit sediments.

At present there is insufficient information availabie to fully explain
either why cnannel catfish seem to be more contaminated than other
species tested or precisely how the contamination occurs.

5.4 BIRDS

hnalyses were conoucted to ascertain the level of DUTK in selected birds
inhabiting tne study area. Those species were Green herons and Wood
Uucks which are local residents and therefore reflect, at least in a
relative sense, acute exposure to the pesticiace.

Table I1-4b is a summary of data showing the amount of residue expressed
as mieans in vertebrates (excluding Tish) collected in the study area.
mean DUTK values for individuals innabiting the Huntsville Spring
Branch-indian Lreek envircnment were higher than for inaividuals from
other areas. Green Herrns from Huntsville Spring Branch and TkM 330 had
4.3 and 2.5 ppm which was almost an order of magnitude higher tnan levels
in herons from the renainder of the study area. (DUTK concentrations for
ureen hHerons are believea to pe biasea low--see Quality Assurance Section
of this report). Wood Ducks snowed a similar pattern. Two collections
of wooa Duck eugs on Wheeler Wildlife Kefuge containea an average of 0.2
and 2 pom of DDTR.

The Paluxent Wildlife Research Center, a part of the Fish and Wildlife
Service, has been concerned about UUT contamination of migratory water-
fowl utilizing the Wheeler Refuge. They indicate that waterfowl winter-
ing at the Kefuge migrate from as far north as Untario and impaired
reproguction caused by DUTR is likely (0'Shea, et al., 1950).

Personnel from the Patuxent Kesearch (enter have made recent collections
of biota in the study area. Mallara ducks had geometric mean and maximum
UDTR values of 4.0 ana 48U vpm tor carcass samples; 0.67 and 150 ppm for
muscle samples. Data from tne National Pesticide Monitoring Program on
duck wings shows high residue levels in samples from Alabema. Fleming
(1980) reports on DUTK in mallard wings collected during the 1978-1979
season. Wing pools from Limestone and Madison counties which include
Wheeler Keservoir had residues that averaged lU.8 and 18 times nigher
respectively than the combinea average of all other (Alabama) counties
surveyed. These results are presented in Tanle [1-%2.

Crows were also included in these recent Fish and wWildlife Service
samples and contained geometric mean and maxinum DUTR concentrations of

‘ 4.0 and 48 ppm respectively in muscle tissue. 0'Shea et al. (1480)
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Table 11-53.

LUuTk ip mallard Wings from Alabama 1978-79 Hunting
season*

buTk Concentration, ppi wet weignt

Tnavature lmmature AGu Tt AGUTL
County sStatistic Feniale bale Female Male
Laugerdale Mean v.3b —— V.31 -——-
Colbert N 1 - 1 -
Lawrence
Limestone Mear 0.95 1.04 v.02 7.1
N 2 4 1 3
Madison rlean 3.43 4.54 - b.0Y
] Z 2 - 1
Jackson Mean 0.52 -~- 0.33 U.44
Marshall I - 1 -—- 1 Z
Morgan
Green rlean - 0.48 - -
Lumter N . -——— ¢ - ———
Choctaw
Clarke hean 0.03 0.02 u.u7 v.17
Wilcox N 1 1 1 2
wastiington
Mooile rean -—- 0.uo --- 0.1y
paldwin i —— 1 ——— 1
N. County Pool  Mean U.81 0.127 0.69 -==
i 1 3 2 —
S. County Pool  rean V.08 -~ u.7 -
] 2 -——— 1 -
Contr0152 Mean u.0u7 ——— --- -
N 5 -—- ~— -—-

ltach sample consisted of 5 wings.

Z(ontrol wing pools were comprised of wings from 5 juveniles, without
regard to sex. Wings were obtained from pen-raised mallards.

Source: Fleming (1980)
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interpret this data as indicating a potential for greater effects higner -f;fi
in the food web of species in the Wheeler Refuge especially in fish O
eating birds. These authors cite the decline of the Double-crested

Cormorant at Wheeler Wilglife Refuge (see Section 1.3.3 for population

trends).

However, wWwheeler Wildlife Refuge personnel nave inaicated that popula-
tions of the Double-crested lormorant nave been increasing in recent
years (Huntsville Times, 1979). The reason for tne success orf tnis
species may be a combination of factors. There is gualitative evidence
from Wheeler Refuge personnel that the increase in numbers of tne
Uouble-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 miacontinent of the United States. Popula-
tions of cormorants have obeen low for years in this section of the
country and have been on tre "Blue List" published by American Birds for
this reason. {Tnis list publisned annually incluces species of birds
which appear to be declining in number, either in species range
proportion or regionally.).

In reviewing tnhe Blue List for past years, regional population trends are
revealed about cormorants. The Blue List for 1977 (Arbib, 1Y76) states
that delisting was favorea by coastal region respondents, while strong
sentiment remained in the midcontinent far retention. At that time it
was stated that inland pesticiace pollution had been a factor in
population declines while marine breeding caormorants were not so
affected.

In 1978 (Arbib, 1977) the species was retained on the slue List but
observer opinions were markedly geograpnic. Tnhose along the eastern
seaboard and west coast were unanimous in favor of deletion; the mird-
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 fortunes of this species, which would seem to contradict the 58 -
percent of observers now favoring retention. Strongest for retention

were Untario, Niagara-Champlain, midgle western prairies, and northern

Rocky Mountain regions. West of the great plains no region favors

retention.*

The current 14980 List {Arbib, 1979) contains the Uouble-crested Cormorant
with a statement saying 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, .owever the Great
Lakes region reported that the species was "doing very well currently.
Numbers are 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 | aboratory at Laurel, Maryland
feels that part of the population declinas for tuis bird is related to a ‘_‘6;3\

TN
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disposal sites. Similar studies by Chen et al. (1978) using laboratory
columns indicated that levels of DUTK in T nal leechate were at concen-
trations less than 1 ppb. Parallel fiela studies at an inactive dredged
material dispnsal site conducted by the same investigators showed
non-detectable DUTR levels in the liquid phase of dreaged materials and
underlyiny soils, regardless of their organic content,

,.
B
2y 7y
+
r

A AN

uther investigations of DUTK migration into the water colunn from
contaminatad sediments ana during actual or simulated aquatic disposal
confirm the strong tendency of DUTR to remain associated with the sclid
phase in an aqueous medium. burks and Engler (1978) reportea that no
soluble chlorinated hydrocarbon pesticides were found at the detection
limits (0.0l ppb) during simulated aquatic disposal tests performeu in
laboratory columns. Krizek et al. (1976) reported DOTR concentrations of
0.5 ppb in supernatant water overlying dredged siurries with an average
of about 10U ppb DUTR. A similar stuay by Krizek et al. (1973) showea
DUTK concentrations ot 1 to 2 ppb in water overlying dredged material
with DUTk concentrations ranging from 20 to 200 ppb. GElutriate tests on
Houston ship channel seoiments containing 1z and 34 ppm ot o, p' and p,
p' LDT isomers, respectively, showed elutriate concentrations of the
isomers less than 2 ppt (Lee et al. 1975). Similar results were reported
for sediments sampled at various Jocations throughout the United States,
regardless of their organic contents.

Elutriate tests on HSB ana IC channel sediments, pertformed under Task 4
of the TVA workplan shcved much higher UUTR concentrations in the
“ Lo elutriate than did the studies cited above. Elutriate total DLUTR
;135’ concentrations for 1b sediment samples taken from HSE and IC ranged from
B 0.57 to 465 ppb, with a mean of 7Y ppb. No significant correlation
exists Detween elutriate and sediment UUTK concentrations for those
| samples. The high elutriate concentrations are a result of botn high
! concentrations of DUTKR in the sediments and fine-grain suspendea sediment
passing the glass ftiber filter anao remaining suspended after centrifugy-
ing. UUTK 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 guantitative indication of the concentration .
of DDTR to be expected in the water column near or downstream from the -
dredge, they do indicate the potential for significant suspension of
fine-grain sediments and UUTK into the water column during dredging and
the need for minimizing that potential.

In a study conducted by McCall et al. (1979), tne mobility of DDT and
various other chemicals in soil"was correlated with soil sorption

coeff cients of the chemicals. Soil sorption coefficients were estimated
using rrverse phase high performance liquia chromatography (Swann et al.,
1979). Data from laboratory column leaching tests were used to develop
the following mathematical relationship:

k = 1
T
Kg(1-F¢/3)ug

77 where K = ¢m. moved by chemical
e . cm. of water entering soil

O S,
Ta
.o
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ug chemical/g soil
ug chemical/q water,

kq = sorption coefficient =

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 soils, all of
which nad significantly lower percentages of organics and fine-grained
material than the sediments in HSB or IC. The smailest of the three
given sorption coefficients was selected to give a conservative calcu-
lation of maximum leaching potential of DOTR from material dredged in

HSB and IC or contained within HSB. Using the value of 1,070 for K4y, <
soi) 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

UDT 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 slow permeability of the clayey sediments is considered.

In addition to the mathematical expression, results of column leaching
tests conducted during tne study inaicated non-detectable leacning of UOT
in all three soil types with elution of 20 inches of water through the
columns. tight other cnemicals analyzea demonstrated variable but
significant leaching ch.racteristics.

e A e e S .8_t .4 s A AW B B 8 A B TeTANR L . e e

2.3 CHARACTERISTICS uF SEUIMENTS IN THE STUUY AKtA

Sediments in cores taken from HSB and IC under Task IV of TVA's workplan
are largely fine-ygrained, with an average of 7 percent of each sample
passing the 63u sieve. Volatile solids content of the sediment samples
averaged 7.5 percent. The average in situ void ratio of submerged
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.

o ———r— .

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 (Uept. of the Army, 1977; U.S. Army Corps
of Engineers, 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 hydrophobic 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 HSH
and It are predominantly clays, with approximately 7.5 percent volatile
solids. The nature of these sediments indicates that DUTR will remain
strongly adsorbed to them and will be transportea only if the sediments
are transported.

14 REVISED APRIL 1984
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wooded overpank area exists on either sige of the channel in this reach,
extending as far as sUU teet to the north anug 2,0U0 feet to the south.
Tnis area is inundated only during maximun pocl stage in wheeler Res:r-
voir or during tlooa conditions. Several deep permanently pondea areas
branch off of the main channel. The channel pottom in tnis reach is
heavily littered with trees, branches, and stumps. bottom sediments
consist typically of course to fine clayey sands with coarse detritus

at the surface and some pockets of soft cleys.

Between HSB miles 3.9 and ¢.4 {Doda Kpad', the channel widens consiger-
ably, assuming a braiuveg form witn veget.teg bars. Channel widths range
from 10u to 375 feet in this reach, and depths are generally 2 to « feet.
Tree litter is more widely agispersed ang pottom sediments are fine-
grained, consisting mostly ot ciays and silty clays. Several large,
woodgeg overbank areas erist on either side of the channel.

From HSB iMMile 2.7 (uvood Road) to 0.U (HuB-1C confluence), channel widths
vary from 150 to 40U feet, with numérc s ponced areas brancning oft ot
the wain channel. Channel deptns vary irom 3 to iU feet, with the deeper
areads being near the HSB-I1C confluence. Uverbank areas are narrow, with
the exception of one large area on tne south bank, west of llodu Road.
Several sma'il streams enter from the south, draining the nortnwest
portion of Test Area 1. cnannel sediments in this reach are fine-

grained, consisting mostly ot clays.

The 1L chann2l between Miles 5.4 (HSB-1C confiuence) ang 2.2 varies from
200 to 40U feet in wioth and 6 to 10 feet in wuepth. Several small
streams enter the channel frum the east. Uverbank areas in this reach
are generally narrow, ana bottom sediments consist mostly ot clays.

Between IC Miles 2.2 and 0.0, tne channel is well defined and nearly
uniform, being 150 to 200 feet in width ang 10 to 20 feet in depth.
Uverbank areas are narrow, and numerous long ponded areas extend in a
parallel alignment with the TK. bottom sediments in tnis reacn consist
mostly of clays.

3.1.2 Areal Uistribution of ULUTR

The distribution of DUTK in HSB and IC is determined from the results of
Task IV of the TVA work plan. Sediment cores were taken along transects
shown in Figure IIl-1. Results of the core analyses indicate that DUTK
contamination is almost entirely confined to the upper z feet of seai-
ment. The areal distributicn of DUTR between HSB Miles 1.5 and 5.6 is
illustratea in Figure [11-2. Table III-1 summarizes the areal aistribu-
tion of DUTR in HSE and IC.. HReaches h, B and C are so aesignated
because of their marked differences in total areal concentration of UUTK.
A detailed discussior of the areal distribution of DUTKk contamination
appears in Appenaix II,. Section 3.1.1.

As indicated in Table 1Ii-1, the majority of DUTk is containea in the
channel sediments and in the area designated "critical overbank" aajacent
to the channel vetween i1SE Miles 3.8 and 5.4 (illustrated in

Figure II[-7). The aesignation as "critical" is warrantea oy the high
ULTK levels observed in sediment core samples from that portion of the
overbank {(typical range: 10U-15,00u ppm). These concentrations indicate
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that the critical overuvank conitdins a signiticant traction of tne total
DUTK in the HMB-IC system, therefgore mitigation of contarnation there is
a primary concern. Contaminaticn of the nor-critical overbank of Reach s
is typically 5-40 ppm ULTK, sufficient to warrant cotisideration ot
removing those seaiments,

DDTR concentrations in overpank areas of Kedcnes ¢ ang £ and all ponded
areas cre generally iess than 7 ppm. Uredgizg tnese areas would 1nvolve
removdl of approximately 1,450,000 cubic yirus cf sediients, Tnese araas
are not in the active flow regite of nd or U, tnarstore UuTH trans ort
trom them shouid be minimal. ror tnese reasuns thoe areas are not Lon-
siderea for gredging. unce the major source ot LUUTK in the System is
rericved by dredging the chdannel and designated overtanx areds, centamina-
tion in the pondeg areas shoult be mitigated by deposition ot relatively
uncontaminated sediment,

Three drecging plans are designatec n Table Iil-¢ ancoraing to whicn

reacnes of tidk ana lu are included, t.e., “he level ot cuntarmination
desired 1o Le removea from the Systen,

Due to the spacing of the cediwent sampling trinsects, spacing ot cores
along tne transects, =na Himited cefinition of core lucations witn
respect to hyarologic designation, little iateral control was aveiladble
in designating the uredyqing areas. Before a final dredging prugram short
ot total dreaging (i.e. Oredging Plan 11l plus entire overbank of
Reach A) can be Jaccurately designed or implemented, adgaitional sedirent
X sampling should ve conducted to better define Lne areal aistribution of
ANt DUTK contamination and identify “hot spots”.

3.1.3 Approach for Implementation

Evaluation of existing equipment and conditions to be encouatered at the
site indicate that nydraulic dredging is the most feasiple means of
removing DUTR-contaminated sediment trom flowing recches of HSB and I[C.
This subject is discussed in detail in Section 3-? of this Appendix.
Uredging would be preceded by snagginyg and clearing of trees, stumps, and
other debris from the channel and its immediate banks. Uredged material
wou d be pumped hydraulically to an on-site temporary dredged material
disposal are2 (TUMDA) aesigyned to provide complete containment of the
segiments and dadequate treatment of the return water to HSk. The TUMDA
would consist of a system of dikes constructed on a cleared site in the
vicinity of HSB.

Following completion of the dredging operation, tne dredqeg material
would hdve o be uewatered betrore a permanent disposal plan coulu Le
implemented. Permanent disoosal in the TUMUA appears to pe the most
teasible means of ultimate aispusal. This bLasically involves sealing the
area with dn impermeable cover once the sediments are dewatered. Factors
tavoring tne environmental acceptability of this gisposal technigue are

- diccucsed in Section 2.0 of this appendix. anotner option considered is
to dispose of the dewatered mdterial in an abendoned mine, prepared in
such a manner as to eftectively isolate the rontamindated sediments.

MG It it is cesired to remove low-level contaminated materiil in the

overbank of Reacn A, this would involve clearing all veqetation from the
area, grubbing all root systems, and removing the sediments to a depth of

111-10 REVISED APPRIL 198.
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S The aredge head is suspenaec from a barye-mounted crane or ladder. Com-
N pressurs, air distributors, ana the dredye heao are inaividual components
s which do not require a specialized barge andg consequently can be mounted

on nearly any water craft ot appropriate size. Land-based operation
using a conventional crane is also possible.

By using air insteaa of water to move sediments tnrcough the discharge
line, pneumatic dredges can attain solius concentrations of by to

80 percent by volume. Turbidity levels during operation are reported to
be low, with minimal gisturbance of pottom seaiments. Use of this type
of dredge is best suited for unconsolidated, tree-caving sediments,
though specializea cutterhieads can ce attached for agreaging in inore
difficult material.

3.2.2 Dredges Evaluated for Kemoviny Channel Sediments in Huntsville
Spring Brancn ana indian Lreek

Following an extensive review of current small dredge technolngy, eleven
dredges were selected for furtner evaluation. These credges, alorn, with
their major physical and uperational characteristics, are listed in
Table I11-3.

Pneumatic Uredges--

Pneuma Oredge--Pneuma North smerica's portacle dredging unit is a
pneumatic dredge, the basic operation ot whicn is discussed in the

'~ introduction to this section. The dredye head consists of three in-line
cylinders, Uperation of the intake anu gischarge ports is controlled
electronically and can be sequenced to discharge in a range suitable for
the type of material being dredgea. an air distributor unit regulates
the inflow and discharge of compressed air to edch cylinder during the
operation cycle, assuring continuous, unitorm discharge flow.

X

ol s

The Pneuma Uredge is capablc of pumping 6U to 80 percent solids, by
volume, with minimal generation of turoidity. oy raising or lowering the
pump unit as necessary, contours of the bottom can be followed. The
dredge can be mounted on a self-propellea barge, eliminating the need for
swing wires anda anchors it such operating conditions are desired for a
particular application. Recent modifications of the Pneuma Uredye extend
its applicability to shallow water operation by providing vacuum suction
to fi1! the cylinaers when dredyging depths are insufficient to provide
the necessary hydrostatic pressure. A cutterhead mechanism, desiyned to
minimize turbidity, is available for dredging in materials which are not
tree-caving. ’

Low turbidity levels associated with the Pneuma Uredye's operation are

attributed to its lack of external moving parts. The dredge has been

used successfully in prior operations requiring low turbidity generation,

including removal of PCB-contaminated sediments from the Uuwamish water-

way, Seattle Harbor, wWashington. EPA monitoring of tnat dredying opera-

tion indicated exceptionally low turbidgity levels in the vicinity of the
PN operating dredge pump.

e,
NN
Y
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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 mounteu on a conventional dredge R
ladder or suspenged from a caple. It was specifically desicnea tor

dredging pollutea seciments at a nigh zolids content with minimal tur-

bidity generation,

The (ozer Pump uredye Taidn ~aru is probadiy the most sophisticated
equipment presently available for areaging pollutec sediments. [t is
equipped with two underwater television cameras .nountea near tne suction
iniet to visually monitor turbigity. Cnanges in tursidity levels are
recorded Dy a highly sensitive turbicimeter. Five eiectronic sediment
detectors locateu near the suction inlet are capable Jf measuring the
thickness of seaiment layers of varying gensity. utrer accessary
equipment incluces a tlow direction anc speed meter, gas detector, gas
sniela and collector, seainent and water sample coliectors, and «n
optional cutterneaa attachrient, Secondary and booster pumping can bpe
performed by Oozer Pumps if the soliids ceontent of tne slurry is too high
for conventional nydaraulic pumps.

In four and uvne-nalf years of operation, vetween 1974 ana 1978, the Taian
maru pumpec approximately 1.3 million cubic yards of contaminateg sedi-
ments Trom Japanese waters. In all dreaying projects, turbidity genera-
tion was carefully monitored ana maintainea at a minimum level,

The CGozer Pump nhas not yet been transported to the United States. A
United >l tes representative of the Japanese manufacturer has inaicated o

. ; . . w.
that transport of the uvozer to the United States is possible, should a PARSE
situation arise requiring its capabilities (Jensen, 1%s0). The vozer @y

Pump unit could be shipped alone and fitted to a barge once here, tnough
at a considerabie expense.

Low-Turbidity Hydraulic Uredges--

Waterless Dredge, tModel 8-180--The Waterless Dredye was specifically
developed for dredging industrial ang municipal unconsolicated sludges at
a high solids concentration. Accorging to the manufacturer (Searles,
1950), the dredge has consistently attainea solias percentages in its
discnarge within 2 to 5 percent of tne in situ solids concentration when
dreuglng these materials. Solids concentrations of 3U to 50 percent by
volume in the discharge slurry are reported. Turpidity associated with
operation of the dredye is reported to be minimal.

The cutterhead consists of two 4-foot rotating augers mounted parallei

to each other and the cutter laader, ana enclcsea within a shroud. The
cutterhead is d851gned to rotate through a 130 degree arc, ana on each
alternate swing is rollea over so that tne opening faces the girection of
swing ddvance. Material filling the snrcuded cutterheag area displaces
water and theoretically makes onl. tne material itself available to the
areage pump inlet. Varidable-spee, hyaraulic drives enable operation to
mdtch the excavation of material with tne pumping rate, minimizing tur-
bidity generation and maximizin, solias content of the discharge.

~Qa
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RRXRY ‘reasonable progress could be made here with any of the dredges, thouih
BOSOA the pneumatic dredges would most likely have to be equipped with a

- cutterhead. 7he pneumat1c and low-turbidity dredges would encounter some
difficult 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
DUTR. An estimated 20 percent of the channel bottom in this area is
covered with tree debris, much of which extends into the sediments.
Clearing this material from the channel is expected to generate
significant turbidity. Uownstream from HSB Mile 3.9 tree debris coverage
is not as extensive as upstream, but is still sufficient to pose
turbidity problems with its removal.

Snay1ing should be carried on coincident with dredging in the channel.
Though this may result in higher suspended sediment and LUTK concentra-
tions in the water column than if the two actions were conducted
separately, the net downstream transport of sediiment and UDTR during the
project should be minimized. Higher suspended sediment concentrations
will enh~nce 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 the water column.

. A certain amount of downstream transport of suspended sediment and DDTR
will be .:avoidable during the proposed dredging operation. The net
transport of DUTR downstream due to dredging can be put in perspective by
comparison with the downstream transport that would occur naturally under
elevated flow conditions. A dredging operation that would move no more
DUTR downstream than would move due to existing channel scour might be
considered acceptable, as further DUTR transport after the dredging
operation would be greatly diminished once the contaminated 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 i
can be assumed small compared to that generated by snagging and clearing
the channel. 1n 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
o the dredye, tnhe average DUTR concentration in the suspended sediment, the
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average discharge of HSB during dredging, and tue uuration of the
dreaging project. Basea on these assumptions, the total amo~ - of ulIR
leaving HSB during the aredging of hSb Miles 5.0 to G.0 is estimated.

Data obtainea from two dreaging projects (Barnard, 1978) inaicatea near-
bottom suspendea sediment levels of 336, 2u%, and 125 mg/1 at distances
of 100, 20U ana 1,000 feet, respectively, downstream From i conventional
cutterhead aredging fine-grained sediment in a current of less tnan

5 cm/sec. background suspended sediment levels were 1 to 3uU mg/i.
Near-bottom suspendea sediment levels are the hignest encountered in the
water column gownstream frum an operating cutterhead (Barnard, 197&).
Current velocity in HSE during pase flow conditions is generally less
than 5 cri/sec.; therefore, the conaitions at these dreaging projects
approximate those to be enccuritered in HSB. A dredge would be operating
at a mean aistance of 15,000 feet upstream of the LC confluence while
aredging in HSB. C(onsidering tnis agiziance and tne near-bottom suspenaed
sediment levels observed for the shorter distances, an average suspended
sediment elevation of 5Su mg/1 over backcrouna is assumes for tne flow
Teaving HSB8. The UULTR concentration of the suspenged seaiment is assumed
to be tnhe overall average UUTK 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 flow of 5U cts is assumed for HS3, anc a
production rate of 350 cubic yards per hour is assumeg for the dredge.
Tnese assumptions should give a conservative upper limit estimate of OUTKk
transport out of HSB, =specially when one corsiders that the great
majority of UDTR is located in the upstream-most two miles of the reach
to be dredged and material suspended while dredging there will nave a
greater distarce in whrich to settle out and be recovered downstream.

Uther flow considerations auring the dredging uperation will tend to
reduce downstream sediment transport. st an operating rate of 80UO gpm

(17.8 ¢fs), an Ellicott 770 or similar capacity dredge would be pumping-~ = -

from 25 to in excess of 10U percent cf the base fluw in HSb. The return
water discharge trom tne TURDA will be upstream rron the dreaye, but
since it will be operating cn a 24-hour basis ana the dredge will be
operating on 8§ to 10 hour shifts, an overall reduction in tflow of 1lU to
12 cfs will be realized. This wil] significantly reduce the downstrean
velocity of HSB curing dredging and decrease downstream sediment
transport. The City cof huntsville's 20l Facilities Plan recommends
rerouting the gischarge from Huntsville dewdage Treatment Plant ho. 1 *rom
hSk directly to the Tennessee River (Black, Crow, amd tidsness, 1Y7v).
Tne average uaily flow from that plant in 1976 was 7.4 MGD (11.5 cts), a
significant portion of the base flow in HSB. Uesiygn flow of the plant in
1976 was 10 MGu (15.5 cfs).

Based on the above assumptions, a total of 236 pounds af DLTK is
estimated to be enteriny IC frum the dredginy of HSB. This amounts to
less than 0.03 percent of the total amount of DUTR removed durirg
dredging, assuming a 99 to 10U percent removal cfficiency. 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 witn DUTK transport to pe expected under ndtural conci-
tions, the total mass of UuT« estimated to be leaving HSB annualiy odue to
natural tlow in tne channel is in excess of 1.4 tons, or 2,500 pounds
(see nppendix I1, Section 4.1). The dreaging of HSE would take
approximately one yeadr, and accoraing to tnese calculations would
transport less LUTK out of HSE than woulg be transported by cne year of
natural flow conditions. This estimate ascumes, of course, that aredging
is conducted only during base flow conditions. It is recognized that
storm flows tnrough the HSB channel may ftransport sediments disturped by
snagging ana dreaging to a greater exter. than these predictions
indicate. The imagnituZz of this type of transport cannot Le predicted
from existing intormation. If tne IC channel is to be dredged, DUTK
transport into the TK resulting from that operation should pe much iess
than tnat estimated for HSB, due to the lower DUTK concentrations in the
IC sediments and lower flow velocities there.

wnile tnese estimations are by no means precise, ‘hey should give a
reasonable indication of tie magnitude of DUTX transport expected to
result from dredging HSB or iL. Since this is an area of critical con-
cern, it snould pe adaressed in a more comprehensive wanner in the final
engineering nhase of the project. A reliable {though costly) metnoa of
pragicting JUTK trensport downstream during dredging would be to imple-
ment a short pilot dreaging study in #3B and monitor UuTK transport at
various distances cuwnstream from snagying and dredging operations. A
less direct but more economical approach woulg be to moniter tne turbi-
gity-generating characteristics of a cuttertiead dredge operating at
another site in similar sediments. This intformation could be coimbined
with the results of settling column analyses of the HdB sediments to
estimate now much contaminated sediment would settle out and now much
would be transported a specified distance downstream.

Considering tne nature of the H>B bottom sediments, the estimated trans-
port of UDTR caused by a conventional cutterhead, the unavoidable
turpidity to oe generated by snagging and clearing anead of the dredge,
and economic factors; a conventional cutterhead aredge appears to be the
best choice for dredging tne HSB and [C channels. As previously noted,
the nature of the pottom sediments in the most nighly contaminated reach
of HSB (HSB Miles 5.6 to 3.9) precluce the use of pneumatic or
low-turbidity hydraulic dredyes and probably require a conventional
cutternead. Employing a low-turdidity dredye downstreanm from HSE Mile
3.9 would probably result in a drastic decrease in production rate due to
the generally smaller pumping capacity of those dreages anda tne slower
progress expected through the difficult sediments. This would result in
a significant cost increase for tne dredging project with little relative
gain in overall environmental acceptability.

3.3 TEMPUKARY UREUGED HATERIAL DISPOSAL AxtA (TUMUA)

3.3.1 Introduction

To implement a dredging alternative it will be necessary to site a tem-
porary dreaged material uisposal darea within reasonable pumping distance
from the areas to pe dredged. The disposal area must be carefully de-
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signed to assure containment of the contaminated sediments and to provide
for adequate treatment of the overflow water.
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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 construction and operation of tne site, localization of the DOTR
contamination, long-term control of ownership, and long-term integrity
and monitoring. It was dalso consiaered 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 nydraulically ard
topographically upgradient from the present contaminated area.
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3.3.2 Selection CLriteria 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 III-3. uf the seven sites, six are
within the RSA boundary and one is adjacent to tne eastern KSA boundary.
Extendiny 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 and brief
evaluation of the seven sites is presented in Table [[I-5.

AP - o et e,
UL - SRR

Sites 4 and 5 were discarded due to the unavoidable impact those loca-
tions woui . hav: un the operation of Test Area 1. Use of these sites
would reguire thai Test Area 1 be either relocated or shut down while the
s1te is in use. Sit2 3 is only large enough to accomodate Dredging

Plan I, and is ric: ris by RSA Facilities Engineers to have mustard gas
landfilled on the ¢ustiern portion of it. Site 2 will also only accommo-
cate Lredging Plan I an’ nhas the further disadvantage of a 30 inch

industrial water main «iissing it.

AN

¥

“

Field observaticn of L:te b revealed evidence of recent sinkhole activity
in th2 southwest cor :- of that area, indicates in rigure III-3. A
sinkhole approximate,y 20 by 3C feet was observed, with other indications
of sub:idence in the immediate vicinity. This activity haa been reported
by NASA officials at the Marsnall Space Flight Center, who indicated that
they had experienced sinknole problems when constructing aaditions 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 6, use of that site as a disposal area is highly ques-
tionable and should be subject to a rigorous geological investigation.
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Site 1 is acceptable for temporary dredged material disposal with regard
to ail criteria established. Sufficient area is available to accommodate
disposal for any of the tnree dredging plans. lko apparent serious con-

flicts exist between use of the site and present operations at RSA. The
site is both hydrologically and topoyraphically upgradient from the most
contaminated reach of HSB, being approximately one mile upstream from tne
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Taple 11[-5. Comparison of Candidate Temporary Uredged Material bisposal dSites

- - - ————— ——

T - - Approximate RN
Pumping T
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 3.5 505

unagerlain by
plastic clayey
subsoil

569

w

Z 140 Silty clay loam ib 2.
uynderlain by
plastic clayey
subsoil

3 130 Silty to sandy 2V 1.5 570
Joam underlain
by plastic
clayey subsoil

4 250 Silty clay loam 10 g.5 565
underlain by .
plastic clayey A
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
underiain by
plastic clayey
subsoil

7 200 Silty to sandy 30 6.5 57U
clay loam
underlain by
plastic clayey
subsoils
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FIGURE II1-7. Areal Plan for Hydraulic Dredging in Huntsville Spring Branch
and Indian Creek

SOURCE: WATER AND AIR RESEARCH, INC, 1980
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flow in the aischarge line (Stribling, 198u). Flow monitoring and con-
trol for all boosters coula be pertormed at a single location with this
type of system. The l4-inch Ellicott boosters upon which dredying costs
are based have a discharge range of approximately bOUU feet when pumping
at a rate of 4Uu cubic yards solids per hour. Costing for tne dredyging
project includes the outright purchase of twelve, l4-inch electric
boosters (1 spare included), as no dredging contractor would have tnis
equipment capability. Boosters would Le skid-mountea and set up along
the access roads approximately 1.1 miles apart. A temporary power line
carrying primary voltage (43 kv) woula be requirea along the access road
to provide power for the vboosters. A transtormer at each booster would
be required to step the voltage down tou the 4,1bU volts reguired fur the
boosters. Spacing power poles at 175 foot intervals and installing
conventional street lights on each would provide adeguate 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 the
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
1eakage at mechanical joints, while maintaining a reascnable length of
pipe to work with and allowing breakdown of tne pipe in the event of
clogging. In addition to permanent jointing, other advantages of pcly-
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 vy three, 19 foot by 10 inch
diameter floats per 100 feet of discharge line, allowing for an
overloaded condition of 65 percent solids by weignt (Hoover, 1Y80).

Unconventional systems should be considered for positioning the dredge.
Advantages may be gained both in turbidity reduction and production rate.
The conventional stepping method of swinging alternately on port ang
starboard spuds makes a ziy-zag cut alung the bottom, with tne cutlerhead
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 dredye 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 developed 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 positicn wculd not be
necessary, and the total volume of sedimen. drodqged woula be considerably
reduced. Electronic equipment is available which would allow the dredge
operator to follow the bottom contour. Motorola's Position Determining
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System Division, Scottsdaie, AL, has inagicatea that production of such a

unit is entirely within their C3papbilities, thougn it i not presently 1n
production (Sanders, 195U). The unit would consist of two dentn sounders
mountea on a sinall bvom in front of the dredge, one reaging ine aepth of

tne dredge head, and the otner redaing tne bottom depth anead of the cut.
A processer would take reaqings from the twO aepth souncers and output it
on a visual display showing the position or tne dredge nead witn respect

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

120 days.

An alternative to tne electronic sounuing system woula be tc survey the
channel bottem ana place grade stokes where necessary to determine the
agepth ot cut. The aredge laduer must De equippea with an inclinometer
which converts tne ladder angle to gepth of the dredge neaa below the
surface. Since this metnoa is expacted to e more time consurniing, less
accurate, ana equally or niore costly; the electronic sounding system is
preferred.

Uesign ana costing of the dredging alternative is based on §-10 hour work
shifts, 5 days per weex. Intermittant operation such as this is not
desirable from a proauction standpoint but cannot pe avoided due to
unavoiueble conflicts with Test ana cvaluation Uirectorate (T and tU)
operations on Test kange 1 during normal working nours. If a 24-hour
operation were possible, costs for treatment of return water would
increase vy a factor of 2.5, resulting in a cost increase of approxi-
mately 17 million dollar,. cven if a 24-nour dredging were possible, it
is doubtful tnat the increasec production efticiency woula offset the
increaseg treatment costs.

Active dredyging in HSB and IC should pe terminatea when flow rises signi-
ficantly avove base flow. The point at which sediment (andg LUTR) trans-
port becomes excessive woula be determined by turpigity monitoring down-
stream fron the dredye (see dection 3.b).

3.4.6 Uverbank kemoval

The critical overbank area indicatea in Figure 111-7 consists of approxi-
mately ¢5 acres ang contains an estimatea ¢8 percent of the total LUTK in
the h5B-IC system. its removal will require excavation and disposal of
121,600 cubic yards of sediment. The non-critical overbank areas of
Keach A contain approximately 1.1 percent of the total DDTK in the hSB-IC
system. In orger to remove this 1.1 percent, approximately 235 acres of
overbank will nave to be cledred and grubbea, and 1,136,800 cubic yaras
ot sediment will nave to be excavatea. This volume is nearly equal to
that involved in Lredging Pian 1II.

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

Figure 11I-7. uvisposal of cleared .ncontaminated timber ana debris will
be providea by the contractor nirec for clearing. kemoval of the contam-
inated seuiments to a cepth of 3 feet can be accomplisned simultaneously
witn grubting by a small drayline, operating on mats if necessary. Root
material will te disposed of in a lanafill adjacent to tne TuibA

(Figure [(l-5). Scaiments from the critical overbank area will be
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nearing may be hela prior to preparation of a final EIS. If the conven-
tional IS process is expected to result in excessive delay of tne pro-
ject, an aboreviated #EPA tiling procedure is allowea for in the (tQ
guidelines on tIS preparation.

8.4 FISh AU WILDLIFE COURDINATIUN ACT uF 1934

Under the Fish and Wildlife Cooraination Act, any rtederal agency pro-
posing ton control or modify a body of water must first consult with the
U.S. Fisit and Wildlife Service, the hational Marine Fisheries dervice (if
appropriate), ang the appropriate state agency with administrative con-
trol over wilalife resources in the project area.

8.5 HRESUUKCES CUNSERVATION ANU KELOVERY ACT CF 1y76 (PL Y4-550)

The Resources Conservation and Kecovery Act (RCKka) proviaes funding ana
technical assistance for developing plans and tacilities to reccver
resources from waste materials, ang for requiation ana "craule to yrave"
management of hazardous wastes.. Kegulations seu forth by KCKA (40U CFK
bParts 2o0-265) appear in Volume 45, No. 94 of tne Federal Kegister

(May 19, 1980). Aaditional proposed regulations appear as 4u (K

Part 25U in the Federal Kegister (43 Fk L8Y4b, uecember 14, 1Y78).

Part ¢bl of RCKA discusses identification and listing of hazaraous
wastes. Two mechanisms are established for determining whether a parti-
cular waste is classitied as nazardous; one, a set of characteristics of |
hazardous wastes, the other a specific list ot hazardous wastes. Contem-
inated sediments from HSB and IC are not included under Subpart C of

Part 261, Characteristics of Hazardous Wastes. Suppart v, Lists of
Hazaradous wastes, is open to interpretation as to whether or not seci-
ments dredgea from HSE and IL would be incluced. The RUkA regulations do
not specifically address the disposal of dredged material or otner nigh
volume wastes, originally proposed to be classified and regulateg as
"special wastes" because of their bulk. In the event that the drecged
sediments are required to be regulated unver KCRik, compliance with the
following parts of the regulations will have to be adaressed.

Part 2b2 pertains to standards applicable to yenerators of hazardous
waste. Most notable in this subpart are the items requiring shipping
manifests for transportation of hazardous wastes and various identifica-
tion codes, container requirements, and labeling practices. Little, if
any, ot Part 2bz appears relevant to on-site handling ot DUTK-contamin-
ated sediments.

Standards epplicable to transporters of nazaruous waste appear in

Part 203. These regulations are consistent with LUT's regulations on
transportation of hazardous waste under tne Hazardous wiaterials Trenspor-
tation Act (Title 49, Subchapter C), discusses in Section ¥.7.

Standards applicable to Owrers and Uperators or Hazarcous Waste Treat-
ment, Storage, ana Uisposal Facilities are celineatea in Part 26s4.
Interim status standards apuear in Part 2oo. The nandling and disposal
of dredgea contaminated seaiments associatea witn the proposed
alternatives i5 in general compliance with tnhese preliminary Phase I
regulations. Additional requlations under these parts will be
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promulgated in late 1980. If the additional requlations are consistent

with proposed regulations (published in tne Federal Register, R
43 FR 58446, Uecember 18, 1978, disposal plans associated with the e
alternatives should be in general compliance; with the exception of the

following two proposed standards:

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

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

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

8.6 HAZAKUQUS MATEKIALS TRANSPURTATIUN ACT OF 1974

The Hazardous mMaterials Transportation Act (HMTA) was developed by the

U.S. Uepartment of Transportation to regulate transportation of hazardous

materials. Thougnh DDT is listed in these regulations as a hazardous

material (Section 172.1U1), no reference is made to bulk sediments or

dredged material contaminated with DuT. UDT is classified as an OKM-A

waste. MWastes in this c’assification do not require shipping papers for

transportation (Section 172.200). Specific items relating to the

transport of DUT wastes under Section 172.101 are that no labelling is

required and there is no limit on the net quantity of material v
transported in one package. Interpretation of the requlations indicate e
that if the contaminated sediments are to be transported, hauling in ‘Qu
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 ENUANGERED 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 SECTIUN 26a OF TnE TENNESSEE VALLEY AUTHORITY 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 must be submitted to and approved by the
Tennessee Valley Authority voard. Upon approval of such plans, deviation

from them is prohibited without approval of appropriate mdifications to e
the original plans. SN
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5.9 VARIUVUS HISTURIC sl ARURAEULUGICAL UATA FRESERVAT Ui Land

8.9.1 Antiquities Act of 1906

This ACt proviges ror tne preservaliun Or nistoric ana prehisioric
remains (antiquities) on Fecercl lanas, estaplisihes penalties tor
unauthorizeg destruction or apprupridation of federaliy owneg antiguities,
and estavlisnes a permit system tor the scierI1fic investigation of
antigquities oun Federal lands.

8.Y9.¢ nistoric Sites act of 1935

The Secretcry of tie Interior s designated by this wct as responsible
for estaplisning tne wational Survzy ot nistoric Sites ang suildings.
Tne ACt requires the preservation or properties of “national nistorical
or archaeological significance" and the aesignation of national nistoric
landmarks. Interagency, intergovernmental ana intercisciplinery efforts
for t.e preservation of such resources are also authorizZed Dy CTne hct.

3.Y.3 waticnal iistoric Preservation Act of 1Y9o6, as ~mendeag

“his Act establisnes a national policy ot histdric preservation,
including encouragemert vy providing ratening grants for state and
private etforts. Uf particular impurtance 1s dection luo of tne Act,
which describes certain uroceuures to ce folluwed by Federal agencies
implementing projects wnich may arfect significant properties. Unaer
Sectior lUo, tne respoisible agency is directed to caonsult with the State
Historic Preservation ufticer {S5iPU) ana, where necessary, the Utfice of
Archaeology ana historic “reservation to determine the significance of
the property. unce the significance is uetermined, the agency nust
consult witn SnPU and the rnavisory Council to cevelop mitigation plans.

8.9.4 Preservation of Historic and Archaeological Uata Act of 1974,
Amending the keservoir dalvage ACt ot LYoy

The Reservoir Salvaye Act providea tor the preservativn of Kistorical or
archaeological gata that may be lost or destroyed by constructicn of
feaerally fundea or licensed gams, reservoirs, and attendant tacilities.
This Act was amendeda by the Preservation of nistoric and Archaeological
Data Act of 1974, Unaer this latar act, whenever a Feceral project or
tederally licensed oroject alters terrain to the extent that significunt
historical or arcnaeolugical uata is tnredtenes, the Secretary of the
Interior may take whatever actions are necessary to recover angd presarvs
the data prior to commencement of the project. The coust of data recovery
are restrictea 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, nour to mitigation costs otner tian data
recovery. If aata recovery costs exceeu tne 1 percent limitation,
supplemental funaing or alternative mitigation methods must be developed.
The loss of significant agata not mitigated by tne 1 percent limitation or
supplemental runding must De aduresseu as unavoidable adverse iwpacts in
tne cnvironmental lmpact dStatenent.
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This ACT requires that any Person remcving 2any arChacCivy,ildl reésuurce
located on public or [nuian Tands must Tirst ontain 2 perrmt Trom tre
Federal land manager. Lcmpliance with section lub or tne fHztlonal
Historic Preservation act of 1%t is rot required wiin issuance of a

permit under the Arcr >slogical Resources rrotection Act. Ine ACt stales
that ownership of ari -+ wlogical rescurces eacavated or removed from
public lands wil. remi:n the property of tne united States, est abiisies

regulations 90vern1nj the removail of arcnaeoiog:ical rassices, and
specifies civil anu criminal penalties for violaters of tne Act.
brovisions are also mace for cooperation and communicat:icn betueen
Federal agencies, private inciviwsuals, anc orotfessional archaegiogists.

8.10 ALABAMA HAZARDOUS WASTES iMAinAGEMENT ACT OF 1978

Regulations promulgated pursuanc to this Act incorporate all requirements
of the final ang proposed rogu1at1ons under KCRA. The Alabama
regulations do impose permit ana otner legal opligations in asaition to
the RCKA requirements. 1f tne Oulk-contaminatea sediments are class’fiec
as a hazardous waste oy tne >tate of alabame, tne Alabama reaulations
will have to be addresseq ang these adgitiungl requirenents net. Most
notewortny are Sections 12(e) ana l<(7), requiring totn construction ana
operating permits for oispesal facilities; and Lection 7, reguiring
deaication of disposal lanas for “"perpetuity" (2uU years as oppoused to
HURp's 30-vear post closure care regquirement).

8,11 ALABAMA ALK PULLUTION CONTRUL ACT OF 1971

Kegulations of the Alabama Air Pollution Control Cemmission, promulgatea
persuant to this mct, regulate open burning ana particulate enissions
such as fugitive dust (Chapters 3 ang 4). Tnese regulations shouid have
minimal impact on proposed alternatives.

8.1Z2 UCCLPATIUNAL SAFETY ANG HEALTH ADmMINLISVKAILUN

USHA Legislation 29 CFK 190U et. seq. sets limits on worker exposure to
airborne concentrations of UUT and monocnlorooenzene. Though airporne
concentrations are not expected to be significant during dreaging and
construction, this must be verified on-site.

8.13 EXECUTIVE OKRDER 119u8

Executive Order 11988 directs Federal agencies to "restore and preserve
the natural ana beneficial values served by flooaplains" in Federal
activities relaced to land management or use, and for Feda2rally funden or
implementea construction projects. If an agenry allows or conducts an
action in a flocaplain, alterndtives must ve considerea tC avoid agverse
impacts and incompatable development in the flooapiain. Keguldtions were
to be adopted or amended ds necessary Dy the agencies to comply with tnis
oraer.
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5§.14 EXECUTIVE URDEKR 11990

Executive Urder 11940 orders each Federa! agency to take actions neces-
sary to "minimize the destruction, loss, or degragation of wetlands ana
to preserve and ennance the natural ana pereficial values of wetlangs" in
Fegeral activities relatea to land managament or use, ana for feueraily
fundeg or implemented construction projects. If a project is to be
implementca in a wetland, it nust be gemonstrated tnat there is no
practiceable alternative ana tnat tne proposea ac*ion mitigates to tne
extent pussible, harm to the wetlanas. tconomic, environmental, and
other relevant rtactors may be considered in making tnis judgement.

9.0 PRUPUSEL ALTEKRNATIVES

9.1 ALTERNATIVE A: NATURKL KESTURATION

An obvious alternative is to allow the presently contaminatea system to
restore itself naturally. Kkey factors in tnis assessment are questions
concerning how long natural restoration woula require, whether condi-
tions will ge! worse betfore they yet better, ang whelner the contanina-
tion will spread over an even wiger area.

It natural restoration is to be successful, cne or three things nust
occur. tither (1) the UUTR must be adeyraged to harmiess compounus,
(¢) the UDLTR must become isolated n some manner from tne rest ot the
environment, or (3) the LUTK must be flushed out of the system.

A review of the literature regarding the persistence of DUTK, particu-
larly in the concentrations founa in Huntsville Spring branch, strongly
indicates the nalf-life of this materid] may be on the order of al least
20 to 30 years. At a 20-year half-lire, 60 years from now there would
still e 5Y tons of UDOTR left. At a 30-year halt-life, 113 tons would be
lett after 6U years. LEitner amount woula be far more than is currently
in the lower reaches of kuntsville Spring brancn and [ndian Creek.

Hence, it appears tnat natural degraaation cannot be expecteg to
significantly "clean up" the problem in the foreseeable future.

Tne most promising scenaric for success of the natural restoration alter-
native is that the system will somehow isolate tne current contaminated
sediments. The most likely 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 of the ULUTK is
in the top b inches of seagiment ang about 67 percent is in the top

1 foot. Hence, natural isolation by silting-in does not appear to have
been too successtul in the last lU years since tne OUTK manufacturing
plant closed.

Another possible means by wiich the natural restaration alternative

might be successtul would be for tnhe DUTk in Huntsvilie Spring Branch and
indian Creek tc be flushed out as dissolved and suspendea material into
the Tennessee River. Current UUTR distributions, plus the best estimdtes
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of the rate at wnicn DuTK s woving out of Inaidn Creek, sugyest tnat
natural flushing would take hundreas of years. k&ven if tnis were to
occur, tne positive etrects on tie ndSB-IC system would be more than
orfset oy the negative impacts on tne Tennessee River.

Several potential neyative aspects of the natural restoration alternative
shou.d be noted. Currently, only U.8 percent of the total DUTK is in
Indian Creek, yet, this 1S enouyh to cause substantial contawination of
some fisn species in tnat area. [t left uncontrolled, there appears to
be a signiticant risk that Inaian Creek DUTK levels could be maintained
or even increased from tne vast storenouse of DUTK sitting upstream.

gkven it only insignificant amounts of DUTK are moving under normal flow
congitiens, tnere is the possioility that intrequent, but large, storu
avents could flush slugs of UUTK out of Huntsville Spring Branch.

An even worse possibility is .hat the uUTK has been slowly working its
way out of Huntsville Spring Branch and continues to ¢o so at a rate
faster tnan it is degraded downstream. uGiven sufficient time, enougnh of
it may enter the Tennessee River @p more substantially impact an even

larger system.

The infourmation available currently is not sufficient to allow one to
dgetermine with certainty wnether the UUTKR effects are increasing or
gecreasing. Sone trends in birg population estimates suggest a decrease
in effects. Tne Uouble-crested Cormorant population of the Wheeler
National Wildlife KRefuge declined rapidly from over 2,000 (peak popula-
tion number) in 1944 to 50 in 195Y. Between 1963 ana 1Y7Z these birgs
were not observed on the Kefuge. Since 1973 tnere has been a gradual
increase again in these birds to a peak population (greatest number of
birgs ooserved on any day during the periocdj of 21 in 1Y79. However, as
noted in Section 5.4 of this Appendix, this may be due more to regional
tactors than to local conditions. American Wooacocks, Least Sanapipers,
and Pectoral Sanopipers are also increasing (Table I1-8). According to
the peak population records of the Wwildlite Kefuge (Table 1I-8),
Piea-billea Grebes, Sora Rails, and Vultures are making possible come-
backs. However, this trend is not definite for these species aue to the
short time span since closure of the UDT plant. Also, population varia-
tions may be more the result of region or areawide conditions.

In contrast to this, there has not been a recovery for the following top
carnivores: Barrea Owl, Cooper's Hawk, Marsh Hawk, Red-Shouldered Hawk,
and the Sharp-Shinned Hawk. Table 1I-8 also shows a marked reduction in
Swamp Rabbits after the UUT plant was closed from 3,000 in 1971 and 1972
to 70U for the last two years. The reason for this decline is unknown.

The short-term risk of tne natural restoration alternative is relatively
Tow 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 whicn more definitive information could be gatherea to date-~mine

contamination trengs.

If the natural restcration alternative is selected, either on a temporary
or permanent basis, a monmitoring program shoula be initiated to aetermine
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eJable II1-11.
Sl Uredging Plan IIT)

Detailed Cost Estimates for Alternative B, Uredging and Uisposal (for

- -

Description

- - . St s St - D AR = W o D o

(a) Temporary Uredged Material
VDisposal Area (TDiA)

(i) Construction

-Site Acquisition
-So0il Borings and Testing

-Clearing and Grubbing

-txcavation and Grading

-Dike Construction

-Place Fill for Return Water
Treatment Area

-48-in. Pipe Weirs, Purchase and
Install

-Seeding, Mulching, Fertilizing,
Exterior Dikes

-Groundwater Monitoring System

-Leachate Monitoring System

*I‘ ~Keturn Water Treatment System

lEarthern Clarification sasin
(for above system)

-Fencing Around Site

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

-Reroute Existing Drainage

SUBTOTAL
(11) Operation

-Keworking Interior Dikes For
Crane Access

-Small Oragline for Trenching?

-Return Water Treatment System
Operating Costs

-Mug Cat Uredge for Solids HRemova)
in Clarification Basin3

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

SUBTUTAL
SUBTUTAL TUMDA COST

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

re TUTAL TOMDA COST
et

Blank Pages
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No. of Unit
Unit Units Cost %)
1 boring
& tests 34 ,0¢6
acre 187 ,9500
cu. yd. 962,600 Z
cu. yd. 812,000 3.
cu. yd. 1uv,000 3
each 24 5,500
acre 18 1,300
1-50 ft. Well 8 600
ft. 2,000 1z
L.b.l hafading -—-
L.Sl - indiadhe
ft. 19,5U0 12
sq. yd. 4,450 5
ft. 4,000
cu. yd. 14,000 2
L.S. --- --
LoSo - hadadied
LoSo - Se-
L.Sl - indiading

[1-90

Estimated
Cost (%)

- -

- -

n

39,000
465,000
1,925,000
2,842,00v

300,000
132,000

23,000
5,000
24,000
6,000,000

74,000
234,000
22,000
16,000

12,098,000

28,000
473,000

5,055,000
122,000

8,000
5,686,000
17,784,000
3,577,000

2,668,000

24,008,000
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Table I1l-11. wvetailed Cost Estimates for Alternative B, uredyinyg and Oisposal (for

Uredging Plan Iil) (Continued, P

age 2)

s, L.
‘-.\.'\.

No. of Unit Estimated
Description unit Units Lost (%) cost (3)
(b) Snagging HSb and IC Channel? 5,704,000
(c) Hydraulic Lredging
-Access Roads
-Clearing and Construction sq. yd. 323,000 5 1,015,000
-Additional fill for Low Hreas Cu. yda. YU ,UU0 4 200,000
-Culverts and Installation each 100 850 85,000
-Temporary Power Line and
Lighting L.S. -—- --- 1,309,000
~-Power Consumption (electrical) kwh 14,000,000 0.05 700,000
-Uepth Kanging System L.S. --—- --- 5v,000
-sooster Pump Purchase® edach 12 206,000 2,472,000
-Po1yethy]ene 14 Ib Discharge
Pipeb (including connections) ft. 63,000 27.50 1,733,000
-Floatation for Discharge Pipe ft. 2,000 10 20,000
-Mobilization and bLemobilization
(aredue and boosters) L.S. --- -—-- 80,000
-Lifting uUredge over UDodd and
Centeriine koad bridges L.S. .- -—- 15,000 .-,
-Channel Oredging and Pumping _;'iﬁ
to TUMUA L.S. --- --- 8,89y,
-Uredge Monitoring L.S. -——- - 750,000
SUBTUTAL 17,928,000
-20% tontingency 3,586,000
-15% Engineering besign, Supervision
and Administrative Costs 2,68Y,0uu
TUTAL HYDRAULIC DREDGING COSTS 24,203,000
{a) Critical uverbank Removal -
~-Adaitional Sediment Sampling L.S. .- -—- 160,000
-Clearing and urubbing - acre 75 2,500 168,000
~-Access Road Construction sg. yd. 2v,000 5 100,000
-bragline Uredging’ cu. yd. 364,500 5 1,823,000
-Hauling to TDMUA cu. yd. 364,500 4 1,458,000
-Placement/Grading in TOMUA Cu. yd. 364,500 1 365,000
-Final Gtraaing of Uverbank sq. yd. 364,500 1 365,000
-Seeding, Mulching, Fertilizing
of Overbank acre 75 1,300 93,000
SUBTUTAL 4,497,000
-20% Contingency 899,000
-15% Engineevring Uesiun, Supervision,
and Adaministrative Costs 675,000
TUTAL CRITICAL UVEKBANK KEMOVAL CUSTS 6,071,U0tg
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Table III-11. Detailed Cost Estimates for Alternative B, Uredging and Disposal (for

Lot Oredging Plan III) (Continued, Page 2)
No. of Unit Estimated
Uescription Unit Units Cost (3) Cost (3)
(e) uption for Noncritical Uverbank Removal
-Clearing and Grubbing acre 182 2,500 455,000
-Access Road Construction sq. yd. 85,000 b 425 ,u00
-Dragiine Dredging cu. yd. 879,500 5 4,398,000
-Hauling to TUMUA Cu. yd. 879,500 4 3,518,000
-Placement/Grading in TDMDA cu. vd. 879,500 1 880,000
-Final urading of Uverbank sq. yd. 879,50u 1 880,000
-Seeding, Mulching, Fertilizing
of Overbank acre 182 1,300 236,000
SUBTOTAL 10,792,000
-20% Contingency 2,158,000
-15% tnyineering Uesign. Supervision,
and Administrative Costs 1,619,000
TOTAL 14,569,000
(f) Permarent Dicpcsal of Dredged
Material (closure of TUMUA as
Zon a landfill)
AN
2™¥rading, Compacting Dredged
Material sg. yd. 905,100 1.5 1,358,000
-Hauling, Placement, Compaction,
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,u00
-20% Contingency 924,000
-15% Engineering Uesign, Supervision
and Administrative Costs 693,CC0
TOTAL PEKMANENT DISPOSAL CUSTS 6,235,000
(g) Cultural Resources Activities L.S --- --- __ 805,000
OPERATION AND MAINTEWANCE COSTS
(a) TOMUA Long-Term Maintenance yr 30 50,000 1,500,000
(b) Monitoring
-Disposal Site Monitoring yr 30 50,000 1,500,000
-Areawide Monitoring yr 4 500,00v 2,0u0,000
. g'l-,-
i W
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Table I1l-11. vetailed Cost Estimates for Alternative B, Uredging and uUisposal (for

Ureaging Plan 1.[) (Lontinued, Page 4)

No. of Unit tstimated

Description Unit Units Cost (%) Cost (%)

TOTAL CUST UF PRUJECT (~xcluding noncritical overbank removal) 7¢,026,000
(including noncritical overbank removal) 86, 595, 0uUG

Olncludes operation and maintenance costs.
Lump sum.

Includes purchase, operating, ang maintenance costs of 35-ton crane for entire
dewatering pericd (3 years).

Includes purchase and operation of luug Cat Dredge riodel SP810 tor operational life of
treatment plant (5 years).

41ncludes contingency, engineering, and administrative costs.
Includes integrated central control system.
bLost based on using Phillips Driscopipe.

Assuming overbank is e«cavated uniformly to a 3.u-ft. depth.

RN
~ @
A
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Taole I11-12. Cost Sumuary for Alternative b (ns Uetailed in Taeble 11li-11
for uredging Flan 1il)

RO
Ureaging Keacnes Total tstimatea Cost
Plan Incluged* (rmillions ot Doliars)
I R 30.91
II R,b 42.53
111 R,B5,C 72.03
Estimated Effect of Uther Options on Cost kstimate (Millions of Uollars):
-Implement Noncritical Overbank Kemoval Uption + 14.57
-Uelete Carpon Adsorption From Return iater
Treatment System - 4.16
-Implement Mine Uisposal (Plan 1II) + 1v.51
(Including Visposal of Noncritical Uverbank >ediments) + 43.37
WS,
o™
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annual expenditures for Alternative b are given in Figure 1i1-20 andg
Table [11-13, respectively.

9.3 ALTERNATIVE C: UUT-UF-BASIN OIVERSTUN ANU REMUVAL UF CONTAMINATED
SEUIMENTS

9.3.1 Introduction

This alternative combines tne major actions of aredying and dissosal and
out-of-basin diversion of HSE. Uiversion of hS8 directly toc tne TR will
greatly reduce fluvial transpert of DUTK from HS¥ and mocgerate its
transport in IC. The diversion alone will not provide for acequate
mitigation of DDTR contamination in the HS3-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 contaminateg

sediments were left exposed.

Removal of contaminated sediments from ndB ang IC, coupled witnh a suit-
able disposal technique, will provide for isolation of tne majority of
UOTk. Minimal transport of DUTK would occur during tne removal operation
due to tr2 greatly reduced flows afforaed by the aiversion. Two options
are discussed for removal of contaminated sediments, hycrauiic dredging
ana dragline dredging. Uragline dredging would require construction of a
containment dike and drainage channel as iilustrated in rigure [[[-18.
The turpidity-generating cnaracteristics of tne dragline dredge wnich
excluded it from consideration for aredging flowing reaches of HMB and IC
will not present a problem within the aiked contairment area. Removal of
contaminated sediment downstream from tne containment area would be Ly

hydraulic dredging.

9.3.2 Out-0f-Basin Diversion

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

9.3.3 JUredging anu Disposal

Hydraulic Dredging--The hydraulic dredging of HSB and IC and alternatives
for cisposal of contaminated sediments is agiscussed in Section 3.0 of

this Appendix.

UDragline uUredging--

Introduction--uragline bUredging of HS8 upstream from Mile 2.4 (Dodd 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 would provably be inundated several

[11-95 REVISED APRIL 1984
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Table [11-13. Estimated Annual Expenditures - Alternative b

Estimated Annual txpengitures

(millions of Lollars-195C)

Year After without noncritical Witnh woncritical
Start Time Uverbank #litigation Uverbank Mitigation
1 2.9 3.7
2 2.9 3.7
3 9.4 b.1
4 25.5 2¢.7
5 11.1 2¢.4
6 8.2 14.0
7 1.4 1.4
8 5.1 5.1
9 1.4 1.8
10'13 O-b Onb
1l4-26 0.1 0.1
Averayge Annual Expenditure,
1980 ULollars (assuming an
interest rate of 7.125%
and a project life of
50 years): 5.02 6.39
Preceding Page Blank
I11-y7 .
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times during aragline drenging, substantially increasing down-time and

dewatering costs. Uewatering requirements for the dragline-dredged .
seaiments would be greatly reasced or eliminated altogether, as sediments NS
would be removed at their in situ water content. This would allow -
¢losure 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 abangoned mine is chosen, temporary

disposal of dragline-dredged sediments may be 2}iminated altogether.

Uragline dredging would also perwit visual inspection of the accuracy and

completeness of daredging.

[mplementation of tne dragline option will depenu on the hydrologic
conditions present in the HY3 channel once the out-of-basin diversion 1s
completed. A dewatering gike with sump and pumping station woula neve to
be constructed across HSo to exclude the effects of the wheeler Keservoir
pool frum the channel. The channel slope snould allow for drainage of
the majority of water from HSB. Ponaeg areas would persist in low areas
but can be dewatered as tney are encountered auring dredging. >ome
recharge into the channel can be expected from groundwater, tnough 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 Dredgea Material--A temporary disposal area will be
selected and designed as described in Section 3.3. Uragline-dredged
seuiments will be placed in the two northern-most primary disposal cells
(see Figure 111-5). These cells will be sloped toward their outlets to
facilitate drainage.

i’

Oredged material will be transported to tne temporary disposal area in
trucks equipped witn sealed tailyates. Methods for handling material
within tne 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 1ifts
may be desirable to increase their rate of dewatering.

If permanent disposal in the TDMUA 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 HSH, therefore the required capacity of
the return water treatment system will not be changed. A significant
savings may be realized, however, in the snorter duration of the
hydrauiic dredging program. Upon completion of hydraulic dredging, only

1 I
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Table 1II-l4. Uetailed Cost Estimates for Alternative U, Uut-of-Basin UDiversion ang

RO Removal of Contaminated Sediments
'_:::.:J
: No. of Unit Estimated
Description unit Units Cost (9$) Cost (9)
(a) Out-of-Basin ULiversion Channell
-Clearing and Grubbing acre 429 2,500 1,073,000
-Channel Excavation
-Bedrock cu. yd. 281,900 50 14,095,000
-Unconsolidated cu. yd. 3,763,100 3.5 13,171,000
-5011 Borings ana Tests 1 boring
& test 44 1,026 45,000
-Land Acquisition acre 235 1,500 353,000
-Utility/Structure Kelopcation
or Keplacement
Sector A-1
“KeTocate STP (Quttall, 3600 ft.
of 1z-in. CMP ft. 3,600 3U 1u8,0uU
Sector (-1
-Install 1600 ft. of 18-in. VCP ft. 1,600 25 40,000
-Relocate Existing Lift Station L.S. --- --- 25,000
-Kemove Existing Manholes each 5 350 2,000
T -Install Cast Concrete Mannoles each 4 1,500 6,000
DAY -Sewage Pumping Ouring Construction L.S. -—- --- 15,000
\Y 14 -Kelocate and Kepave Entry Gate
No. 3 L.S. --- --- 45,000
-Relocate 2350 ft. of 12-in. CI
Force Main ft. 2,350 3v 71,000
-Remove txisting Bridge at
Redstone koad L.S. --- --- 30,000
-Replace kxisting Bridge at
Redstone Road ft. 350 720 252,000
Sector D-1
-ReTocate 2800 ft. of 12-in. CI
Force Main _ ft. 2,800 30 84,000
Sector E-1
-Remove Existing Highway Bridges L.S. --- --- 60,000
-Kemove Existing Railroad Bridge L.S. --- --- 25,000

-Construct Two 2-Lane Concrete

Bridges at Buxton Road ft. 650 720 468,000
-Provide tor Water Diversion During

Construction and Relocate 8-in. CI

Water Main on New Bridge : ft. 300 50 15,000
-Seeding, Mulching, Fertilizing acre 464 1,300 603,000
SUBTOTAL 30,586,000
pry (b) Mcbonald Creek Diversion
=== -Clearing and Grubbing acre 27 2,500 68,000
~3 -Channel Excavation (assuming
no bedrock is encountered) cu. yd. 61,000 3.5 214,000
Preceding Page Blank REVISED APRIL 1884
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Table 11I-14.
KRemoval of Contaminatea

Sediments (Continued, Page 2)

petailed Lost kstimates for Alternative (, Uut-ot-basin Diversion ang

.
st

14

No. of unit Estiniated
Description Unit units Cost (%) Cost ()
-5011 Borings and Tests 1 poring
& tests 8 1,020 s,000
-Seeding, Mulching, Fertilizing acre 22 1,300 29,00U
SUBTUTAL ' 314,000
(c) Raising Patton Road
-daul Fi11 for Poadbed Cu. yd. 447,500 4 1,790,000
-Place Fill for Roadbed Cu. ya. 447,500 3.5 1,566,000
-S0i1} Borings and Tests i boring
& tests 2V 1,020 21,000
-Kemove Existing bridye L.S. --- --- 30,000
-Pave Patton Koad $q. Yu. 33,50 8 <0o,00U
-Seeding, mulching, anc Fertilizing acre 43 1,300 56,000
-Fencing tt, 25,000 12 300,000
-Orairage Structures (box culverts) L.S. --- - 15,000
-Construct New bridge ft. 350 720 252,000
-Raise Telephone Line Manholes L.S. --- .- 5,0uU
-kelocate 12,500 ft. ot 12-in. Cl
Water Main ft. 12,500 30 375,° S
-Kelocate kower Lines L.S. --- --- 20,. .
SUBTUTAL 4,098,000
(g} Containment/Diversion Dike
NW of Patton Road
-Clearing and Grubwing acre 11 2,500 28,000
-Channel txcavation cu. yd. 60,000 3.5 210,000
-Haul Fill for Like Cu. yd. 90,70y 4.0 363,000
-Uike Lonstruction cu. yd. 150,70GU 3.5 527,000
-S0i1 borings and Tests 1 poring
& tests 8 1,0 5,000
-Seeding, twlcning, dand Fertilizing acre 15 1,300 20,000
SUBTUTAL 1,156,000
SUBTOTAL FUK WUT-OF-bASTE DIVERSION 36,759,000
-20% Contingency 7,352,000
-15% Engineering Design, Supervisi.n,
and Aaministrative Costs 5,514,00u
TOTAL FOR OUT-UF-BASIN DIVE:STUR 49,625,000
(e) Snagqging HSE and IC Channell 5,704,00v
(f) TUMDA Construction and uperation3d 24,008,u00
(g) Critical Uverbank Removal® 6,071, ..
(h) Hydraulic uUredying of HSB ana RS
IC Channel® 24,203,000

[il-
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_:gIable I1i-14. UDetailed Cost Estimates for Alternative C, Uut-of-Basin Diversion and
OO Kemoval of Contaminated Sediments {Cantinued, rayge 3)

———

. i D " - A s " o . —

No. of Unit tstimated
Description Unit Units Cost (9) Cost (3)
(1) Option for Uragline Uredging
Between HSB 4iles 2.4 and 5.5
(1) Like and Urainage Channel for
Uiverting Kunoff from basins
K and M Around Area to pe
bragline Uredged
-Clearing and Grubbing acre 36 2,500 90, Ly
-Channel txcavation cu. yd. 86,500 3.5 303,000
-Haul Fill for Uike cu. yd. 67,209 4 269,000
-Dike Construction cu. yd. 153,700 3.5 538,00U
-Soil Borings and Tests 1 boring
& tests 13 1,026 13,000
-Seeding, Mulching, ana Fertilizing acre 31 1,300 40,000
SUBTUTAL 1,253,000
(ii) Pumping Station
.~.~2 Pumps, 2 MGJ Capacity Each
Sedx08 40 ft. Total Head each 2 15,000 30,000
*2pump housing Plus Pads L.S. --- .- 25,000
-Piping, 12 in. ft. 800 25 cu,000
-g£lectrical 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
SURTUTAL 413,000
(iii) uragline Dredying Couts
-rccess Roads (50-ft. width)
-Clearing and Construction sG. yd. 115,600 5 578,000
-ndaitional F111 for Low Areas cu. yd. 7 ,00U 4 28,000
-Culverts and Instaliation each 25 85C 21,000
-Uragline uUredging Sediments
-Areas Within boom Reach
of Shore Cu. yd. 204,800 5 1,019,000
-Areas Uredged from Mats
or Fill cu. yd. 3u, 500 ) 453,000
-Hauling Sediments to TUMUA cu. yd. 234,300 4 937,000
SUBTUTAL 3,041,000
(iv) Hydraulic Oredging from ,
HS8 wile 2.4 to IC Mile 0.0° 16,285,000
;% (v) Dredye Monitoring 754,000
R
hok SUBTOTAL FOR DRAGLINE OREDGING OPTIUN 21,142,000

REVISED APRIL 1984
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Table I11-14. Uetailea Cost tstimates for Alternative (, uut-of-Basin Diversion ana
Removal of Contaminated Sediments {Continued, Page 4) ‘

P e

T T e e e .
e

No. of unit Estimateo'

Lescription Unit Units Lost (%) Cost (3)
4,348,000

-¢0% Contingency
-15% Engineering Uesign, Supervision
3,201,000

and Administrative Losts
TUTAL FUK URAGLINE UREDGLIG UPTIUN 24,352,000

(3) Permanent Lisposal’

(Clusure of TOMUA as Landtill) 6,235,000
(k) tLultural Kesources activities L.S. --- --- 1,400, 00U
Uperation and Maintenance Costs
(a) TOMUA Long-Term Maintenance yr 30 50,000 1,500,000
(b) donitoring
-Uisposal Site Monitoring yr 30 50,000 1,5u0,00U
-Areawide Monitoring yr 4 500,000 2,000,000

: TUTAL CUST UF PRIUJECT
122,246,000

-A11 Hydraulic Dredging

-With Uragline Uption 127,395, ..

s

losts snown are a summary of the projected least-cost alignment, which includes sectors

R BATe s s et M 4 e Te s wHBEER . a

DAV b2 s

b 1) TSR P I

_A-1, b, C-1, U~1, ana b (see Figure [l[-17)}.

ZIncluvdes contingency and engineering costs.

3TUMDA costs are itemized in Table [11-11, part (a).

4Critical overbank removal costs are sumrarized in Table 111-1:, part (a).

Shydraulic dredging costs are itemized in Table [II-11, part (c).

bihis cost is adjusted for deleting the dredying of H>B Miles 2.4 to 5.6.

Tpermanent disposal costs are itemized in Table I11-11, part (f).

!#}*
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! Table 111-15. Cost Summary for Alternative L (ks Uetailea in Table 111-14)
.?ﬁf.
- Uredging Method(s) Tota! tstimatec (oSt
Ltilizea (m¥liions of wullars;
All hyaraulic Ureaying lec.eh

Uragline Uredging between
' HSB Miles ¢.4 ana 5.o,
‘ kemainder hydraulically
Uredijed 1z7.40

tstimateg tfrect of (tner Uptions on Lost kstimate (Millions «f Dollars):

-luplement Moncritical Uvervnank wemoval uptior in Feacn A+ 14,57
-pelete Larpon Agsorption From Keturn water

Treatment System - 4.ib
-Implement Mine Uisposdl + 15.04
(Including Disposal of Uverbank sedinents) + 43.37
-Delete hydraulic uredging of Keach ( - 17.94
-belete Hyaraul.c Dredying of reaches 8 and C - 26.93
-Use Alternate Sector xkoutings fto Keep Uiversion
. witnin RS~ Boundaries (i.e., Sectors A-Z, B,
v, -2, L-2, ana t) + 5.22*
*Cost increase is atiributeg almost entirely to tne increasea amount of
bedrock expected to be encounterec during excavation cof the channel.
re;
ACAC)
[[1-100 :
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e Table I11-1b., Estimatea Annual Expencitures - Alternative ¢

* » " .
PR
P &
e .
R R, e

Estimated annual kxpenditures (millions of uollars-19&0)
h Year After without woncriticat WITH honcritical
o Start Time Uverbank Mitigation Gverbank ii.igation
S
l\‘-‘
N 1 5.2 6.0
& 2 5.2 6.0
o 3 13.8 12.0
T 4 19.8 17.6
. b 8.1 3.1
e
e b 13.1 13.9
L 7 9.7 16.3
H 8 4.8 4.8
\::\:
o 9 3.2 3.2
N 10 4.4 4.4
" SR
N
/‘/ ::-_'-’: 15-40 0 . 1 U . l
.r;';':
S
m’. Average Annual Expenditure,
N 1980 Uollars (assuming an
.:_x§ interest rate of 7.125%
N and a project life of
:jzj 50 years): 8.71 1u.0Y

r
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Table I11-17. wvetailea Cost Estimates for Alternative U, Uut-of-pasin Diversion ang
Containment of Contaminated Sediments

oAt h
LY
-'\n'_-‘
OO

v
At e

: No. of Unit Estimatea
Lescripticn Unit Units cost (%) Cost (3)
(a) Uut-of-basin Diversionl 49,625,000
(b) vike ana Urainage Channel
~ for Diverting Runoff from
Basins N and M Around
~ Containment Areal 1,692,000
(c) Snagging HSB and IC Channel 5,704,000
(d) TOMUA Construction and
Uperating Costs?3 24,008,000
(e) Hydraulic Drecdging from HSB
Mile 2.4 to IC Mile v.0% 22,995,000
(f) Pumping Station3 558,000
(g) Covering channel Sediments
Between HSB Miles 2.4 and 5.b
-Hauling Cover Material From . :
Out-of-Basin Diversion cu. yd. 228,000 4 912,0uU
acPlacenent ana Compaction of
Saover Material cd. yd. 228,000 3.5 798,00u
Meeding, Mulching, Fertilizing
Cover acre 47 1,300 61,000
SUBTOTAL 1,771,000
-20% Contingency 354,000
-15% Engineering Uesign, Supervision
and Administrative Costs 266,000
TOTAL 2,391,000
(h) Covering Critical Overbank ‘
-Adaitiunal Sediment Sampling L.S. .- --- 100,000
-Clearing and uruboing acre 75 2,500 188,000
-Hauling Cover Material from
Uut-of-basin Diversion cu. yd. 243,300 4 973,000
-Placement end Compaction of
Cover Material Cu. yd. 243,300 3.5 852,000
-Seeding, mulching, Fertilizing
Cover acre 75 1,300 98, 0ul
SUBTUTAL ’ 2,211,000
-20% Contingency 442,000
-15% Engineering Design, Supervision,
__ and Administrative Losts 332,000
o™ TUTHL 2,985,000
. ¢
Blank Pages CT11-111 REVISED APRIL 1984
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containmens of Contaminated Sediments (Continuea, bage Z)

Tavble 1il-17., wvetailea Cost tstimates for Alternative U, uvut-of-Basin Diversion and

no. of Unit Estimated >
Description Urit Units Cost (3) Cost (%)
(i) Option For honcritical Uverbank Covering
~-Clearing and Grubbing acre 182 2,500 455,000
-nauling Cover Material From ‘
Uut-of-Basin Uiversion cu. yd. 587,000 4 2,348,000
-Placement ana Compaction of
Cover Material cu. yd. 587,000 3.5 2,055,000
-Seeding, Mulcning, Fertilizing
Cover acre 162 1,300 237,000
SUBTOTAL h, 045,000
~¢U% Contingency i,015,000
-15% Engineering Uesign, Supervision,
and Administrative Costs 764,000
TOTAL _ 6,878,000y
(3) Permanent Disposal of Dredged
Material in TUMUA® 6,235,000
(k) Cultural Kesources Activities L.S. --- --- 1,400,000
Qperation and Maintenance Costs
(a) TUMLA Long-Term Maintenance yr 30 50,000 1,50v,
(b) Pumping Station Long-Term RO
Maintenance yr 30 10,000 300,000
(c) monitoring , T
-Disposai Site Monitoring yr 30 50,000 1,500,000
-Areawige Monitoring yr 4 500,000 2,000,000
TUTAL CUST OF PROJECT
(Excluding Overbank Covering Uption) 122,893,000
(Including Uverbank Covering Option) 129,771,000

}See Table 1I1-14, parts (a)—(d) for itemized costs of out-of-basin diversion.
21temized costs appear in Table IlI-14, part (i)(i).

3TUMDA costs are itemized in Table II1I-11, part (a).

4Total hydraulic dredging costs are summarized in Table III-11, part (c).

5see Table I1I-14, part (i)(ii) for itemized pumping station costs.

6See Table 111-11, part (f) for itemized permanent disposal costs.
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Table 11I-18. (ost Summary for Alternative U (As Uetailea in Table 111-17)

et
LR
-

Areal Extent of

Cover application Total Estimated Cost

Within Containment (Millions of ULollars)
Lhannel ancg Critical Uverbank unly 12¢2.49
Channel and Entire Overbank 129.77

Estimated Eftect of Other U, ions on Cost Estimate {M‘l1lions of Dollars):

-Uelete Carbon Adsorption From Keturn Water

Treatment System 4.1b
-lmplement Mine utsposal 1z.40
-velete Hydraulic Ureaging of Keach € - 29.02

+

-Delete Hydraulic Dredging of Keaches b5 and C - 40.63
-Use Alternate Sector koutings to Keep Diversion Within
KSA Boundaries + 8.2¢
A
] ‘?*A
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Table I11-19. cstimated Annual Expenditures - Alternative U

Estimated Annual Expengitures (Millions of uollars-1980

Year After Witnout noncritical With Noncritical
Start Time Overbank Mitigation Overbank Mitigation
1 5.3 5.7
z 5.3 5.7
3 11.7 11.9
4 17.7 17.7
5 44.6 4201
6 14.8 17.7
7 9.5 15.0
l.4 1.4
9 5.1 5.1
10 2.5 2.5 S,
b
- 11-la 0.6 U.b
15"40 Uol O-l
Average Annual Expenditure,
1980 Dollars (assuming an
interest rate of 7.125%
and a project life of
50 years): 8.90 9.55
LY
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'REVISED APRIL 1984



giscussed in Section 9.3.3 of this Appendix. Under this alternative,
dragline aregging will be limited to the contained area or the Hdb
channel between hss Miles 4.U and 5.6 and will involve removal of
approximate:y 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
impacted area would take 3 weeks and cost about $15,00U. Subsequent
testing ana excavation of National Kegister eligible sites could take
place in eight months at a cost of abuut $350,000.

An intensive cultural resources Survey should be made ot tne dredging
impact area over an 8-week perioa at a cost of 3$8U,0uU0. 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 avoided cannot be accurately estimateg at this time. At least

15 months and $725,00U0 will be involved.

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

General--Uetailed cost estimates for Alternative E are given pelow in
Table T11-20. Costs of dredging all contaminated sediments in Keaches A,
B, and. C (Fiqgure III-7) are includea in the project estimate. A cost
summary and the estimatea efrect of various options on the total cost are
given in Table [11-21. The time base for all cost estimates is 1Ytu.

The estimated implementation timeline and annual expenditures for
Alternative E are given in Figure [11-23 and Table II1-2¢, respectively.

Y.6 ALTERNATIVE F: WITHIN-BASI DIVEKSIGN AND COUNTAINMERT OF
CONTAMINATED SEUIMENTS

9.6.1 Introduction

Alternative F utilizes the within-basin diversion, containment techniques
to mitigate contamination upstream of HSB Mile 3.Y, ang dreaging and
disposal of contaminated sediments below Mile 3.9. 1Ine within-basin
diversion shown in Figure III-15 will divert flow in HSb arouna 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 ana biotransport of exposed UUTK.

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

I11-115
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Table I11-20. Uetailed Cost Estimates for Alternative b, within-sasin Uiversion and
Kemoval of Contaminated Sediments
no. of Unit tstimatea
vescription Unit Units Cost (3) Cost ($)
(a) Within-basin viversion and N
Diversion/Containment Dike
-Clearing and Grubbing acre 222 2,500 595,000
-Channel Excavation (assuming
no bedrock is encountered)! cu. yd. 1,177,500 3.5 4,121,000
-Soil bBorings and Tests 1 boring
& tests 45 1,026 46,000
-Haul Fi1l From Borrow Area for e
Dike Construction Cu. yd. 559,000 4 2,236,000
-Dike Construction cv. yd. 1,736,500 3.5 6,078,000
-Channel for Uraining Basin k Cu. yd. 52,800 3.5 165,000
-Relocate 30-in. KC Industrial
Water Main ft. 750 8 6,000
-Pumping Station? L.S. --- 620,000
-Seeding, Mulching, Fertilizing
Channel and Dike acre 241 1,300 313,000
SUBTOTAL 13,540,000
-20% Contingency 2,708,000
-15% Engineering, Legal, and N
Administrative Costs 2,031,0 ;;i;;
TOTAL FOR WITHIN-BASIN DIVERS1UN 18,279,000
(b) Snagginy HSB and IC Channels 5,704,000
(c) TOMUA Construction and Operation3 24,008,000
(a) Critical Uverbank Removal4 6,071,000
(e) Hydraulic Uredging of HSB and IC
Channels? 24,203,000
(f) Option for Uragline Uredging
Between HSB Miles 4.0 and 5.6
(i) Lragline Uredging Costs
-Access Road
-Clearing and Construction sq. yd. 44,000 5 220,000
-Culverts and Installation each 12 850 10,000
-Dragline Dredging Sediments
-Areas within Boom Keach of Shore cu. yd. 82,500 5 413,000
-Areas Dredged from Mats or Fill cu. yd. ] 15 0
-Hauling Sediments to TOMUA cu. yd. 82,500 4 330,000
-Hyaraulic Uredging from HSk Mile
4.0 to IC Mile 0.0 16,769,000
-Uredge monitoriny L.S. -—- -—- 750.Q%P
P
SUBTOTAL 18,492,
-20% Contingency o 3,928,00U"
-15% tnyineering Uesign, Supervision,
and Administrative Costs 2,774,000
[11-11b



Table 111-2U. Uetailed Cost Estimates for Alternative b, Within-pasin Diversion ang

Removal of Contaminateu Sediments (Continued, Page 2)

B
‘-5\
Ve No. of Unit Cstimated
Description Unit Units Cost (%) Cost {(9)
TOTAL FUK DKRAGLINE OUKEDGIwNG 24,904,300
(g) Permanent Uisposal in TUMUA? 0,235,000
(h) Cultural Resources Activities L.>. --- --- 1,170,000
Uperation and Maintenance Losts
(a) TUMUA Long-Term Maintenance yr 30 50,000 1,500,0wu
(b) Monitoring
-Lisposal Site Monitoring yr 3u 50,000 1,50u,0WU
-Areawide Monitoring yr 4 Hul, VLY 2,000,000
TOTAL COST UF PRUJECT
-Al1l Hyaraulic Dredying ¢0,67u,000
-With Uragline ‘lption v1,431,000
lgyitable excavated channel material to be used for dike construction.
Zsee Table I11-14, part (i)(ii) tor itemized costs of pumping station.
s>ee Table 11i-11, part (a) for itemized TUMUA costs.
49ee Table 11l-11, part (d) for itemized critical overbank removal costs.
¢ﬁ~55ee Table 111-11, part (c) for itemized hydraulic dredging costs.
Cost shown is adjusted for celeting the dredging of HSB miles 4.0 to 5.b.
See Table Iil-11, part (e) for itemized permanent disposal costs.
i
LT
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Table [11-¢1. Cost Summary for Alternative t (As Uetaiiza in Taole Ili-cu)

Uredging Metnod(s) Total Estimatea Cost
Utilized (Miilions of ucllars)
All Hyaraulic Uredging Y0.07

Uragline Dreaging between
HSb Miles 2.4 and b.o,
Remainder Hyaraulically
Dreayea 91.43

Estimated Effect of Otner Uptions an Cost tstimate (Millions of Dollars):

~-Inplement Noncritical Uverbank Kewoval Option in Keach A+ 14.57

-Uelete Carpon Adsorption From Return Water
Treatment System - 4,18
-Implement mine ULisposal + 16.51
(Including Disposal of Overbank Sediments) + 43.37
-belete Hydraulic Dredging of keacn C - 29.02
~Uelete Hyaraulic Ureaying ot Keaches B and C - 40.63
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RO Table II1-22. tstimatea Annual Expenditures - Alternative t

N

Estimated Annual Expenditures (Millions of Dollars-1980)

Year After Without Noncritical With noncriticai

Start Time Uverbank itigation Overbank Mitigation
1 3.8 4.6
4 3.8 4.6
3 b.1 6.5
4 13.1 13.1
5 31.0 26.6
6 11.1 12.%
7 8.3 10.2
1.4 1.4
N 9 5.1 5.1
iE::? 10 1.8 1.8
11-14 U.6 0.6
15-40 0.1 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 MWithin-Basin Diversion

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

9.6.3 Containment Methods

In-Place Cover--Containment py covering contaminated seaiments with
excavated clay is discussed in Section 6.3.7Z of this Appenaix.

Use of the Lontainment Area as a Disposal Site kor Uredyed mMaterial--Une
adaitional containment option 1s proposed, that of using the diked
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 with less contaminated
dredged sediments. Though this alternative could theoretically be
implemented 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 desiygyn, construction, and operation would be similar to
that described for the TUMLDA in Section 3.3, with the site plan
modification illustrated in Figure 11i-20. (learing and grubbing of the
entire area within the containment dike would be required. The primary
containment area must be graded to an approximately level elevation,
filling the HSB channel in the process. Contaminated material grubbed
from the site woula be disposed of in the low {formerly ponded) area
adjacent to the primary containment area (see Figure I11-24). 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
accormodate the unconsolidated dredgea material at an average final deptn
of 8.1 feet. Uesiyn crest elevation of the interior dikes allows for a
minimum 2 feet ponded depth and 2 feet of freepoard. 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.
Use of this material for dike construction is dependent on the degree of
déwatering that can be attained at the site prior to construction. If
the water table witnin the containment area remains too high to allow the
1 foot cut, off-site borrow material will have to be used for interior
d¢ike 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 ana the final cover.
Borrow requirements are approximately as follows:

VDiversion/Containment Dike 606,000 cubic yards
(This yardage is required in

Preceding Page Blank
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excess of that excavated from tne

A within pasin aiversion channel.)
e Interior Uikes 2¢8,0U0 cubic yaros
Final Cover 1,050,000 cubic yards
TUTAL 1,864,000 cuoic yards

The total cost of this alternative will be reduced consicerapbly it as
much ot this till as possible can be cbtat ed on-sit2. Tne closest
apparent source of borrow is the hills to che 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
oraer to reconsider its suitaviiity for borrow material. The cost
savings of using on-site fill as opposed to truck-hauling fill from
off-site is estimated to be five million dollars.

9.6.4 Dredging and DLisposal

Contaminated sediments downstream 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 Resources Impact--an intensive survey of the
impacted drea by tne alversion woula take 3 weeks and cost about

$15,00U. Subsequent testing and excavation of national kegister eligible
sites could take place in eight months at a cost of about $350,000.

=7 An intensive cultural resources survey should be mace of the dreaging

impact area over an 8 week period at a cost of $8U,0UU. The cost arg
time for testing and full scale excavation by professional archaeologists
of all National Register eligible properties within this area that cannot
be avoided cannot be accurately estimatea 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 [11-23. Costs of dredging all contaminated sediments in Reaches A,
B, and C (Figure IIl-7) are includegd in the estimate. Estimates for the
option to use the within-basin diversion containment area as a dredged
material disposal site are basec 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 1980. The
estimated implementation timeline and annual expenditures for Alternative
F are given in rigure I1I-¢5, and Table II1I-25, respectively.
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Table 111-23. Uetailed Cost tstimates for Alternative F, Within-basin Liversion ano

Containment of Contaminated Sediments

F ]
., ."

o

No. of Unit tstimateo
Description Unit dnits Cost ($S) Cost (%)
(1) Using TUMUDA
(a) Within-Basin uviversion and_ )
Diversion/Containment Dikel 18,279,0)
(b) Snagging #SB ana IC Channels 5,704,000
(c) TOMDA Construction ana
Uperation¢ 24,008,000
(d) Hydraulic Ureaging from HSB
mile 4.0 to IC Mile (.03 ¢3,648,000
(e) Covering Channel Sediments
Between HSB Miles 4.U and 5.6
~-hauling Cover Material from
Out-of-Basin Diversion cu. ya. 94,500 4 378,000
-Placement and Compaction of Cover
Material cu. yd. 94,506 3.5 331,000
-Seeding, Mulching, Fertilizing
Cover acre 17 50 22,00u
Jo¥s SUBTUTAL 731,000
F™®03% Contingency 146,006
-15% Engineering, Legal, and
Administrative Costs 110,000
TUTAL 987,000
(t) Covering of Critical Overbank4 2,985,000
(g) uption for Honcritical Overbank Covering
-Clearing and Grubbing acre 160 2,500 400,000
-Hauling Cover Material from Off-Site
Borrow Area cu. yd. 510,300 4 2,005,000
-Placement and Compactinn of Cover
Material Cu. yd. 516,300 3.5 1,8u7,000
-Seeding, Muiching, Fertilizing
Cover acre 160 1,300 208,00u
SUBTOTAL 4,480,000
-2U% Contingency 896,000
-15% tngineering, Legal, ana
———_Administrative Costs 672,000
TUTAL v,0485, 000
(g) Permanent Uisposal of Dredged
Material in TOMOA? 6,235,000
e (Excluding Uverbank Covering Uption) 79,946,000

; e Blank
Preceding Pag [{1-125
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Table [1[-23. Detailed Cost Estimates for alternative F, Within-Basin Jiversion and
Containment of Contaminated Sediments (Continued, Page 2)

RAAH
- "
. “— ..b

P W W @b -— - -

No. of Unit Estimated
Description Unit Units cost (9%) Cost ($)

RS- . % . - -

s —————
- - M A U U 4D e AP NP W AR D W G W TP . MRS S i SR SO - S ——

(2) Uption to Use Containment Area
for Dreuged Material Uisposal

(a) Within-Basin Diversion ana X
Diversion/Containment Dike 18,279,000

{b) Snagying HSB and IC Channels
(Adjusted for Deleting HSE Miles

4.0.5.6) 5,294,000
(c) Disposal Site Preparation
-Site Acquisition --- --- -—- 0
-Soil Borings and Testing 1 boring
& tests 20 1,026 21,000
-Clearing and Grubbing acre 325 2,500 813,000
-Site Grading sq. yd. 1,573,000 1.5 2,300,000
-Dike Construction (Assuming
Uff-Site Borrow Material) cu. yd. 223,000 7.5 1,673,000
-48-in. Pipe Weirs, Purchase
and Install each 15 5,500 83,000
-Groundwater Monitoring System 1 50-ft. Well 8 60U 5 "ﬂ‘f.
-Leachate Monitoring System ft. 2,000 12 24, ol
-Return Water Treatment System L.S. -—- .- 6,000,007
-tEarthern Clarification Basin
(For Abc.e System) L.S. ——- --- 74,000
-Fencing ft. 16,400 12 147,000
-Access Road (1800 ft. x 4u ft.) sq. yd. 8,000 5 40,000
SUBTOTAL 11,290,000
-20% Contingency 2,258,000
-15% Engineering Design, Supervision
and Administrative Costs 1,694,000
TOTAL 15,242,000
(d) Lisposal Site Operating Cost 7,676,000

(e) Hydraulic Dredging6 HSB Mile

4.0 to IC Mile 0.0 21,019,000
(f) Uisposal Site Closure
-Grading, Compacting Site sqy. yd. 1,573,000 1.5 2,360,000
-Hauling, Placement, Compaction,
and Grading of Cover Material - cu. yd. 1,048,700 7.5 7,865,000
-Seeding, Mulching, fertilizing ‘
Site acre 325 1,300 123,000
SUBTOTAL 10,648.M 1
o™

S
>
A

il WSS g

RSl L NN
———a
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Table [1[-23. Uvetailea Cost Estimates for Alternative F, Witnin-Basin Diversion and
N Containment of Lontaminartea Sediments (Continued, Page 3)

No. of Unit btstimated
Uescription Unit Units Cost ($) Cost (%)
-20% Contingency 2,130,000
-15% Engineering Design, Supervision,
and Administrative Costs 1,597,000
TUTAL 14,375,000 ;
SUBTUTAL FOR ALTERMNATIVE Tu Ust CONTAINMENT AREA AS DISPUSAL SITE 81,885,000
(3) Cultural Resources Activities L.S. 1,170,000
Operation and Maintenance Costs ’
(a) Disposal Site Long-Term
Maintenance Costs yr 30 50,000 1,500,000
(b) Pumping Station Long-Term
Maintenance Costs yr 30 10,009 300,000
(c) Monitoring
-Disposal Site Monitoring yr 30 50,000 1,500,000
~AreaWide Monitoring yr 4 500,000 2,000,000
A TUTAL COST USING TDHUA
gféi (Excluding Noncritical Overbank Lovering Uption) 84,316,000
Vo (Including Noncritical Overbdank Covering Uption) 94, 364,000
TUTAL COST FOR ALTEKNATIVE USING COnTAINMENT AREA AS DISPOSAL SITE 88,355,000

et st
- vt = —

lgee Table 1[1-20, part (a) for itemized within-basin diversion costs.

25ee Table I11-11, part (a) for itemized TUMDA costs.

3see Table I1I-11, part (c) for itemized hydraulic dredging costs.

45ee Table 111-17, part (h} for itemized critical overbank covering costs.

See Table [li-11, part (f) for itemized permanent disposal costs.

6This dredging cost is adjusted for deleting 2 booster pumps and the shorter pumping
distance required.
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F}{ Table I11-24. Cost Summiary for Alternative r (As Detailed in Table 1.1-23)
N7
A Lisposal Option Total Estimatea Cost
o Implemented (Millions of bollars)
)
b
Y Use TUHUA
-excluding overbank covering option 8y.32
- -including averbank covering option 94.36
Use Within-Basin Diversion Lontainment
88.36

hArea for ULisposal Area

[ox sa st snd
PO
Pl S SRR

o

’ .
LS U R AV A

kstimatea tfrect of Uther Uptions on Cost tstimate (Millions of Uollars):

-Uelete Larbon Aasorption From Return Water

Treatment System
-Implement Mine bisposal + 14.00
-Uelete Hydraulic Ureaging of Reach L - 29.0¢
-Uelete Hydrauiic Ureudging of Reaches 8 and C ~ 40.03
-Ubtain Un-Site Borrow Material for Construction and
Closure ot Uisposal Site Within the Lontainment Area

(Suitability must be determined)
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oy Table I11-25. tstimatea Annual Expenaitures - Alternative F

e\
RS
Estimated annual Expenditures Using within-Basin
Uiversion Containment Area tor Disposal
Start Time (Millions of Uollars-198Y)
1 3.9
2 3.9
3 5.9
4 .3
5 8.2
6 20.2
7 12.0
8 5.5
f 9 3.5
.'sz\\
ALY .
s 4 10 11.0
11-14 u.b
15-40 v.1
Average Annual Expenaiture,
1980 Dollars (assuming an
interest rate of 7.125%
and a project life of
50 years): 6.50
&7
&
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10.0 CULTUKAL RESUUKCES IMPACTS

10.1 INTRUUUCTION

Five alternative techniques are under consideration for containment or
isolation of DDTR containments in huntsville Spring branch (HS8). These
engineering alternatives can be simplifiea with respect to cultural

resources. Archaeological sites Ly their nature occupy specific

geographic areas, and the methoa whereoy they are disturbed be it by

aredye or dragline, does not matter. What does matter is the fact of the
aisruption. In considering the alternatives four-gesjcaphic.areac updox
consideration can be evalua-ed separately. The alternatives can then be
evaluated according to the geographic areas that will be altered. The

four geograpnic areas are:

—
- na, o

1) Contaminated Area (Areas A-(, Figure I1I-26)

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

Indian Creek and HSB.
2) Dredged Material Disposal Sites (Areas D and E, Figure [11-26)

The primary dredge material disposal site (TUMUA) is located on the
Arsenal northeast of tne junction of Redstone Road and Patton Road. The
alternate disposal site (Alt TDMUA) is located just east of the Arsenal

and soutn of Redstone Xoad. - B

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

The channel will t: located along the kedstone Arsenal boundary diverting
the flow of McDonald Creek and Huntsville Spring Branch to the Tennessee

River,

4) MWithin Basin Diversion Channel and Containment Uike (Figure I11-27)

This consists of a bypass channel around the are3 of maximum
contamination. It will divert the flow of HSB from a point northeast of
Wheeler Lake and channel it south and west of tne 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 archaeolougical
sites,

10.2.3 Qut-ot-Basin bLiversion Corrigor (Area F, Figure 111-26)

This requires the construction of a diversion channel to divert the flow
ot HS6 and Mclionald Creek away from the contaminaled area (Figure [11-¢b,
Area F). This channel will intersect HSB ana trlcuonald Creek at some
point above the contaniinated area and wilil divert them into the Tennessee
River.,

Ten archacological sites fall directiy within the impact zone. These
include sites 1Ma33/50, 133, 140, 141, 157, 158, 159, loz, 209, and ¢18.
An additional four sites lie in close proximity to the corridor, and any
of them might be affected oy construction. These sites include 1Malbe,
156, 21U, and 217.

Twn sets ot alternate alignments nave been suggested. in tne northern
portion of the route, the diversion canal woula intersect tiS8 at one of
two locations. The easternmost alternative woula impact site 1Maz09y,
while the western alternative would impact site IMaleZ. 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 eastermmnost alternative would pass very close
to site lMazls, while the westernmost route woula pass rather close to
site 1lmalSe.

Sites likely to be impacted which appear to be of National Register
signiticance include 1Ma33/50, 133, 14U, 141, 150, 162, 209, and 210.

The proposed route passes through both the Upland and the Tennessee Kiver
Settlement lones. 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
ttowan silt loam or silty clay loam, Decatur/Cumberland silty clay loam,
Captine and tCapshaw loams, Uoltewah silty loam, Linside siity clay loan,
or Allen fine sandy loam occur near the water. 1In the northern portion
of the corridor, additional limited activity sites and possibly base camp
sites may occur. It is, however, unlikely that adaitional mound or mound
and village sites lie alung this corridor within the Tennessee Kiver
Settlement Zlone.

More known archaeological 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 nuuper of sites i1s a airect
consequence of the intensity of the survey. Additional investigations
along other alignments would doubtless even tne numbers.
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In conjunction with tne ocut-of-basin aiversion route there wiil pe tlooc
control levees (Figure I1!-2u0, Area ) wnich will prevent Storm riGws B
from utilizing the uriginal, contaminateu stream bed. Tnis pruposed ared -
encompasses two known archaeological sites, iMale7 and 13«. (ounstruction -
of the udiversion dike and the elevation of Parton koaa will arfect 4

sizeable area in the vicinity of HdE, it is quite possioie inat
acdairtional, und scovered archaeological sites will nre impactnma,

a hign probapility tor both limitea activity sites and Archaic or
woodland base camps in the construction zone.

Tnere is

10.2.4 within-Basin Uiversion CLnannei ang (Containment Uike
{(Figure ill-2/;

Unly one presently known archaeological site lies in the zone of
potential impact (Figure [I[-27). Tnis site is 1Mal34, a small litnic
scatter. Although site lmali4 is the only site lgcated airectly within
the proposed constructicn zone, six sites exist in close proximity to the
channel or contalniment aike. Tnese sites incluce 1mali7, 118, 119, luu,

121, and 1Z27.

The within-basin aiversion aspect would impact a siygniticantly smaller
area than tne out-of-basin diversion. wccoraingly, tne potential for
damage to archaeologyical sites is reduced. wiso, this plan would not
impact sites in the Tennessee River Settlement Zone, tnus reducing tne
propability of encountering large nound or mouny and village sites ot the

Wooaland and Mississippian periogs.

Most or tihe sites presently known in this corrigor consist of:

1) lTimitea activity sites, and 2) historic nouse sites locatea on riuge
crests or lower ridge slopes along the northwest share ot HSE. rHowever,
numerous zones of ttowah silt loam or silty clay loam, Laptina arg
Capshaw silt loams, ang Uoltewan silt loa occur near the south shore of
HSB . These locales are nighly prooavle locations tor prenistoric sites,
particutarly Archaic and wWoodlana limited activity sites, and possibly
base camp sites. uther likely locations for prehistoric sites are
elevatea knolls of Etowan and Captina-Capshaw so1ls in tne vicinity of an
old oxbcw on the eastern margin of tne impact area.

20,

The proceeding geographic areas can be associated with the five
engineering alternatives. As displayea in Tapole III-¢o, Column 1,
geographic dreds listed in Column 2 with site information in Colunn 3450,

10.3 MITILATION EY AKEA

based on the results of our investigations, tne significance of each site
was evaluated in terms of criteria for eligioility for listing in tne
National Register of Historic Places. In makirg our evaluations, we
reliea upon these and other criteria }isted in tne guidelines puplished
in the Auavisory Council's Proceaures tor tne Protection of Historic and
Cultural Properties (36CFR 80U.10). wlthough the sgecific aetairls vary
for each site, the evaluations are of two general types: either 4 site
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is deeved significant, and, therefore, eligible for listing in the
Register, or it is not.

If a site nas been subjectad to testing and a background researcn, and 1is
considerea not to be eligible tor the Kegister, tnen no aaditional
archaevlogical work is warranteg. un tne other haend, if a site appears
significant in terms ot the guicelines noted above, turther work or
mitigation 1s in orger.

In specific terms, the recomuendations tall into four categories, two in
which no auditional action is sugyested, and two in wnich mitigative
measures are ueemed appropriate. wo additional work is recommenaed at:
(1) recent historic sites,
(2) VYight lithic scatters without integrity;

ang mitigative measures are appropriate at:

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

(2) sites with heavy artitact densities, where 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 hational Kegister. These sites consist of
standing structures of recent date, or artifact scatters of modern
debris., tven if some of these structures were actually cunstructed
betore 192y , they constitute a small elenent of a very wigespread
rural settlement pattern. Similar structures and sites are to be
founa over a large portion of northern Alabama, and it would be
extrenely difficult to arque that the sites are o' significance in
terms of being unique, or offering the possibility of advancing
scientific knowledge.

2. Light scatters of very low artitact density are found in profusion in
the Tennessee kiver Valley. Although such sites formed part of a
more complex settlement system, and deserve thorough study, present
archaceological techniques for dealing with low-gensity, shallow sites
are poorly developed. Such sites dare most commnonly found in plowed
fields, where discovery is enhancea by the disturbance, but while
aiding aiscuvery, the cultivation also destrcys site integrity. Ueep
deposits, such as pits or postmolds, may survive below the plowzone
at these sites, and our testing proucedures were designed to locate
such undisturved depousits. HBul, at sites where testing tailed to
reveal eviuence 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 g0 not feel that additional investigations woulc oe
productive, 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 foiund offer an excellent opportunity to advance
the knowleage of prenistoric cultural development in the Tennessee
River Valley. Also, each site must be sufficiently unique, within
ine project corridor, that it would not be possible to group tnem,
«nd recommend a single sample for listing in tne Register.

4. At a numper 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 <ite 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
gensity sufficient to sugoast an occupation of greater duration than
a single flaking incident, we feel that a cuntrolled surface
collection is warranted. Such collections would produce a
representative sample of artifacts for dating purposes, and could
also provide information allowing tne delineation of discreet
activity loci and/or tne horizontal separation of temporal
components. Pernaps, 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
Vinited augering simply did not expose an adequate area to
configently rule out the possibility of subsurface features .
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.

In

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

Oredging of contaminated materiais from this area is potentially the most
significant engineering aspect of the entire project. Oredging will
involve direct impact to an extremely large numoer of high probability
locatiors along the shore of the streams. [n aadition 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 HS3 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 that many woula have been submerged in the
Reservoir. 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 recoarded and new sites.
Sites that will be impacted (there are nine recorded to date) will
require intensive excavations to determine their eligibility for
inclusions in the National Register Category 3 in the above discuision.
The amount of dredging activities will be a direct factor in the area
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requiriny survey or mitigation. A 5U% reduction in the dredyed area will
produce 2 similar reduction in the level of cultural resource impact and
the need for survey mitigation. The most difficult aspect within this
area will be locatiun of significant sites inundatea by the wWheeler
Reservoir. Tnis will require an inovative sampling procedure to locate
these now underwater sites.

10.3.2 ULredged Material Disposal Sites, (areas D & E, Figure I11-26)

The primary disposal site location Arz:a U has not been subjected to an
intensive archaeological survey. At present one site is reported for the
area and there is a strong possibility of additional sites within the
proposed area. The one reported site 1MAl¢7 will require evaluation, as
will all sites recorded in the intensive survey.

The alternative disposal site Area E has been surveyed in the northarn
section as part of the reconnaissance level survey. Three sites were
located, all prehisotric 1ithic scatters. None is eligible for listing
on the National Register of Historic Places, Category 3, and no
additional work will be necessary in Category 4. The southern section
will require an intensive survey. All located sites will require
National Register eligibility determination.

10.3.3 OQut-of-Basin Diversion Channel anu Uikes, (Areas F & G,
Figure [1]-26)

Area F falls within the area delimited for the reconnaisance level
survey. This survey was designed to produce a predictive model. As a
result the entire area was not subjected 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 aquring the
intensive survey will require National Register evaluation. The amount
of mitigation required for 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 flood 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 recoraded sites
will require excavation to determine their National Kegister
significance.

10.3.4 Within-Basin Uiversion Channel and Containment Dike
(Figure [11-Z/)

This area, like HS3 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 ALTERNATIVE

Based on the preceding evaluation a matrix Table [II-26 has veen con- -
structed correlating engineering alternatives witn geograpnic areas, I
documentea sites, National Kegister eligible sites, potential for site

locatiun and total number of sites tnat will be impacted. +irst it can

be noted that HSb xeacn A-2, and lnaian Creex xeacn £ will all e

impacted 1n all the engineering alternatives. uUse of eitner of the two

out-of-pasin aisposal sites will impact relatively small areas out still

with a hign probability tor site locaticn. uwut-or-pasin aiversion (a-t)

in degree of impact agproaches that of dreaging. Qut-of-basin aiversion

occurs in both alternatives (C and U. AS a result these two alternatives,

from a cultural resouce standpoiat are the wost aamaging. Alternative t

and F which include within-basin aiversion are tne least damaying,

particularly when Alternative F wnicn includes containment of ccntami-

nated materials within-pasin. The within-bpasin giversion will overlap

some of the areas requiring survey in area A. Finally, it must be noteg

that none of ine areas associated witn their particular alternatives have

been completely surveyed. The proceecing information is all derivea trom

the predgictive site model conducted in the area of tne proposed diversion

channel,

11.u  ENVIKUNMENTAL IMPACTS UF THE ALTERNATIVES

11.1  INTRULLCTIUN

The various alternatives can each ve considered ¢ group or tasks, or
actions. Lacn of tne tasks is usually a component of more %than one o
alternative. To prevent the reiteration of identical impacts from W
alternative to alternative, the predictea impacts are discussed herein on NG
a task by task basis. The total series of impacts for each alternative

will then be briefly outlined, summarizea, ana compared.

11.2 LUREDGInG ANL UISPOSAL

Dreagin --Tne impacts of dredging and aisposal can pe characterized as
being associated with (a) roaa construction, (b) mechanical removal of
sediments and snag habitats, and (¢) water quality degraiation.

Total roadwdy to be constructed amounts to about 63,30u linear feet, or
bb.7 acres. Alnos® 40 percent of tnis acresge 1s cccupied by ayuatic or
wetlana nabitats, specifically open water, buttonbusn swamp, bottumland
hardwood swamp, and flovaplain nardwood forest. Tnese are among the nos~
valuable of the site's havitats to wilalite, by wroviging fruit ana mast
for autumn and winter toocs. wilulife species wnicn may be directly
arfectea oy this loss are turkey, deer, opossumi, racccon, red ang gray
fox, squirrels, and otner rodents., Many of tnese dre gane species.

Approximately one-halt of tre total "eage" napitat along Huntsville
Spring branch and Indian Creek ovet.oen Pation Koad ang tre lennessee
River will be severely alterec by .onstructicn of tne road. Virtually
all ex1sting veyetation will pe removea to allow working ruom tor tne
aregge.  buring arecging operations, "pioneer” plant species wiil -
colonize the denuaed stream bank, n probtably lesser gensities than the 1&;
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original native vegetaticn. This habitat will receive scme (mostly
nocturnal) wilalife use. [f subsequently manigea to aiiow natural
vegetation to occupy the cank, its present wilagiife values will return
over time. [f tne bank 1S grassed and mowedg, tnis wiil represent 2
lonc-term loss of valuacle napitat and wilclife, since 1% is a nabitat
for potn upland anG wetiaid piant Spes.iu. 2 < 1T racelves mcre insolation
than the flecor ¢° :tne agjacent forests, ang precuctivity anc censity of
tne edge hdnitat's sarub ana naro layers s greater tnan in tne frorests.
It is therefore useful to wetiand ang upiand wi'alife as a trave)
currigor, as resting cover, and as nasting and feediny haditat. Another
pcint of concern is tnat removal of mucn of tne vegetation anc placement
of a gravel roaaway aiongsige of tre stream will increase erosion along
the stream channel due to a reduction of sail noiding capacity. This
coulad lead to increasea ULT exposure ang transport from contamination
along this bank if OuT-contaminated areas in tre adjacent chaanel, bank

or overpank are missed.

Mechanical removal of 259 acres of segiments and snacs associated with
VUTK removal w~ill result in the loss of aufwucns communities, macroin-
vertebrate populations, fish and wilalite napitat, and pernaps some
submerged vegetation. Aufwucns communities, wnich consists of attached
algae, bacteria, protozoa and fungi, organic detritus, silt, and clay,
exist as a thin veneer winicn coats the lignt-receiving surfaces of
submerged snags and seaiments. Aufwuchs communities can have nigh
productivities, higher than pnytoplankton or macroghyte communities.
They may not be so important in the hignly-turvid stream system of this
stugy, but since they were not sampled this cannot be stated with
certainty., Aufwuchs communities also provide suitcble hapitat for a
variety of macroinvertepbrates, and are grazed Dy certain ampnibian larvae
ang fish. These communities can be expected to become reestahlished on
the penthic substrate tollowing dredging activities, but snag removal
represents a long-term loss of substrate for plant productivity.
MaCroinvertebrate populations also exist on snags and in the bottom
substirate. Benthic macroinvertebrates exist in moderate to low densities
within tnhe affected streams. bSnag-dwelling macroinverteprates were not
quantified in this survey. Macroinvertebrates provide fgod sources for
fish and other wilalife species. The loss of snags from the stream
system will have a long-term, detrimenta! effect on snag-dwelling
macroinvertebrates. tenthic macroinverteprates, however, should
recolonize within a year or twc (Hirscn, €t al., 1978). Snags are among
the most valuaole of stream naoitats to fisn and wildlife, by providing
food (aufwuchs and macroinverteorates), cover, and respite from stream
currents. Unless uncontaminated snags are replaced subsequent to
dredging of contaminants, this will represent a significant long-term
loss to the Huntsville Spring drancn and Indian Creek stream system.

The removal of contaminated organisms will result in the removal of some
ODUTR 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 gquantity in tne system.

Fish will be affected more after the dredging is completed than while it
is in operation. Uuring cleariny and dredging of the cnannel, fish will
probably migrate downstream to avoid the sediment plumes created by
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clearing detris and aredging, and to avoid the disturbance and noise of
the operations. Unce thase operations are completed, tne fish will mi-
grate back and may be affected in several ways. For several yedrs there
will probably be reduced fond available in the dreggea areas. Availavle
food may nhave residual UUTK levels due to contaminated sediments not con-
pletely removed oy uredging. Tnere will also be a marked redtuction in
habitats for juvenile fish since the productive shallow areas in dnd
along the edges or the dredged portions of H>¥ and IU will have opeen
dredged to a depth of at least 2 feet.

The effect on aquatic plants of dredging in HSB ana/or IC woula be very
nominal since Juckweed is the only vascular plant found to any extent.
Duckweed has been shown to very rapidly adsorb UUT 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
of ducks which are found in the area, most notably the wood Ducks.

Uredging will be required at least in the approximately 25 acres of
critical overbank area within Keach A 1n addition to dredging of the HSB
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 HSH-IC system
may be located in tnis relatively small area.

Water quality will be degraded to some extent by turbidity ana by
suspension of UUTR. 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 3.2.3 and 3.4.7 for aaaitional information on turbidity
generation by dredging.

In close proximity to the dredge, the plume will shade benthic macro-
invertebrate and benthic aufwuchs communities, thus reducing produc-
tivity. Phytoplankton will be affected less than zooplankton and much
less than benthic organisms by suspended UUTR, as shown by Hurlbert
(1975), since the DDTR 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 (Hurlpert, 1975). As noted in
Section 5.6 of Appendix [, tnis may have an effect on growth morphology
and photosynthesis. DUue to the snorter generation time of phytoplankton,
algal blooms could occur if the suspended DUT reduces the zooplankton
levels (Hurlbert, 1975). In general, any effect on the plankton should
only be temporary since recolonization will continually take place from
upstream of the dredging operations.

Some DUTKR-contaminated material may be left along tne 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.

[11-145 REVISED APRIL 1984

PR AL PP T I R

]




ra . =

LSOk Sk AU e e n e e

.
1
AL

ANNNDY

(TR
FaF AP A

- P
.:'am-‘{;&

e
e

.

-

A s

‘:‘"l".,‘:’"('-,
PAR DI NS N b )

V4

e

&

o

Y

If the entire overbank area within Reach A is dredgea, tne enviranmen‘.al
jnipact would be more extensive. Kemoval of all trees and plants rrom
tiiis area would result in a large loss ot wildlife habitat. keveyetation W
ana recovery vould be slow due to removal ot three teet of topscil. AN
There may also ve a signiticant increase ir suspended solids in B
nuntsville Spring Branch due to erosion in the area until such time tnat

the overuank coulu be stabilized.

Uredging of contaminated sediments will require that tne water level in
Wheeler keservoir be lowerea more rapidly than is presently cone, and

that the water level be maintained a foot lower during the following

summer if necessary, to tacilitate dredging contaminated sediments from

Indian Creek and Huntsville Spring Branch., MWithin the Tennessee kiver

the reservoir's banks are relatively steep, so that lowering Lhe level

one foot should reduce the surface area relatively little. Also, the

biota present is 1lready adapted to changing water levels. Therefaore,

the impacts of these water level manipulations should have little adverse

eftects on Tennessee Kiver biota. These water level manipulations will

affect tne backwater areas within the wheeler National wilalite Kefuge

(witwk ) to a greater extent. Since these Dackwaters are shallower, larger

areas will become exposea in tne autumn ana winter than would normally.

These "muaflats" become quickly vegetated with rushes and other

graminoias, and dre the main attraction to overwintering ducks and geese.

Said water level lowering may therefore actually benefit these watertuwl

{Atkeson, l9s0). Fisheries production in the shallow backwaters should

pe little-aftecteg by aropping the water level sooner ama more quickly.

Maintaininyg tne water level a foot lower the following spring and summer

shoula also cause little harm to fish populations, since there shoula be

sufficient backwater shallows tor spawning to occur (Hooper, 1Ys0). R
Caution must pe taken not to raise the water level in the spring to AT
556 feet sl and then Lo lower 1t back to 955 feet msl. This could ’
result in strangiry of spawning fish ana nests, which woula be
detrimental to fish populations. Also, for protection of bass fisheries
productivity, the arawdown should be delayed until mid-vune, since
bedaing tisn could be trapped, and nests destroyea, by falling water

levels.

Bathymetric data (Seawell, 1980) indicates that the l-foot temporarv 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 dacreage was not determinable at this time, so an accurate
estimate of tne loss or gain in habitat was not possible. However, if it
is assumed tnat the primary habitat is six teet or less, the batnymetric
data ingicates 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 considerea tur disposal of the contaminated dredged
material. These are (1) the channel of huntsville Spring Brancn between
miles 2.4 to 5.7, which could be employed in Alternative F; and (2) 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
canai will run along the edge of the floodplain, disturbing a minimal
amount of aquatic and wetland nabitat. 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 contaminated
one, and the slope of the dike will be 3:1.

v /"‘
[

:.‘.‘. ‘4
L5

Excluding HSB from Keach A (Patton Road to Lodd Road) by constructing the
western containment dike will 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 alony a continuum from
relatively dry to wet. These are: the natural levee association, the
floodplain association, the bottomland hardwoods association, tne
buttonbush community, and the open water areas. The Jlevee association
may see introduced a number of upland species, such as loblolly pine,
redbud, red cedar, and smooth sumac. The floodplain association snould
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 and winged), hackberry, black cherry, dogwood
and redbud. The bottomland hardwood association occurs in depressions
within 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
A species (green ash, water tupelo and red maple) should continue to
‘Jﬂ’ 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 portions. These include water tupelo, green ash,
and red maple. The open water areas will be reduced in extent. Since
HSB 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 change,
specifically Wood ULucks, Turkey, raccoon, opossum, deer, and squirrels.
hquatic organisms would also oenefit by removal of DDTR, and by an
increase in aquatic and wetland plant foods. These would include otter,
muskrat, wading birds, game fish, and invertebrates. Lowering of water
levels within the containment area will create two shallow lakes; one in
the existing "loup" section at HSB Mile 5.3, the other in the largye
ponded area near HSB Mile 4.5. Several smaller areas would also remain
ponded. Creation of shallow lakes has the potential to be of high value
to wildlife. After a few years of high plankton production, the ponded
areas could become vegetated with submerged and emergent macrophytes,
providing productive aquatic habitat.

Pl
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if the non-critical overbank is not covered, the current effects of DUTR
in tais system can be expected to continue. As noted by Uimona (1969%)
and Peterson, et al. (1%71), the UUTK will rot ledch downwesd or very
rapidly become degraded by soil microorganisms (Clore, et al., 196l; Wasn
and woe son, 196/). Also, only trace amounts are normally absorbed Dy
vegetation (Yule, et al., 1972). Hence, current impacts on soil-awelling
organisms may continué for some years to come.

The situation would be vastly different it poutn the cnannel ana the
overbank were filled. All vegetation would ce removed, ncluding stumps,
in an area totaling apbout 506 acres of aquatic ana wetlana hapitat. The
wetlanus within this area are cthe most contaminatea portions of the site.
Removal ot vegetation and filling with two or three feet ot clean soil
would nave some value as a site of researcn 1n primary plant succession,
but years would be required before the site ohtainea a level of plant ang
wildlife productivity and diversity approaching the surrounding
environment.

1l.b CONTAINMENT WITH WITh]v-BASIN UIVERSIUN

knvironmental Impacts--Tasks involved witn this containment alternative
are (a) re-routing HSB throuyn a witnin-basin diversion channel, and

(b) one of tnree till options: (1) tiliing the HSY channel ana critical
overbank in the containment area to a depth of two to three feet; (2)
filling the channel and the entire overvark in the containment area to
deptns of three and twu feet, respectively; ard (3) filling the
containment area with dredged spoil from reaches B, C, angd the lower
portion of A, and then covering with clay anu topsoil (this option is
discussed in Section 11.4). The impacts of re-routing HSb through the
within-pasin diversion cnannel have oeen discussed in Section 11.4. The
impacts of filling the Huntsville Sprinyg Brancn cnannel and tne averbank
area are discussed in Section 11.5.

Of further impact woula ve the damage done to the uplana area in
“borrowing" clean fill for tne above works. This site and its areal
extent are currently unspecifiea.

11.7 ALTERNATIVE A: NATURAL keSTORATIUN

Alternative A involves allowing the system to be naturally restorea. Tne
major impact would pe the continuing contaminatiorn of tne eavironment Sy
UUTK. More information on tnis alternative can be foung in Section 9.1
of this Appendix.

11.6 ALTERNATIVE b: OKtDLInNG ANU DiSPUSAL

Alternative 6 is comprisec of the dredging of contaminated sediments and
their disposal in an uplana disprsal site. Uredying uptions are to

(1) uredge the contaminated portions of huntsville Spring branch ana
Indian Creek and the 290 acre overpank area, and (2) dredye tne above
plus most of the remaining wet.ands between uUodd and Patton Roads.
uredging woula require construction of an access roaa along the edge of
the two steams. UDisposal woulad occur in a temporary upland disposal site
within the drainage basin. The major items of impact are listed belaw.
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k comperison of etfectiveness of alternatives (excludging any
consicgeration of biota contamination) is given in Taple [{[-33.

Finally, a xey Tactor is the effectiveness ot an alternative 1n regucing
WUTR levels in fish to below the 5 ppm FUA guideline. uUnfortunately,
this 1s provanly the most ditticult measure of eftectiveness to predict
with accurecy. Un the one hand one can state tnat removal or isolation
ot 4 nigh percentdge of the LUTK in the HSBE-I1C system can, in the long
tern, only help the situation. Yet because or the nigh potential for
significant risn contamination from even low residual levels of UUTK, one
cannot easily predict how quickly positive results can be realized
tciluwing a clean-up effort.

Several tfactors should be considered in attempting to Judge how long it
might take for DUTK Tevels in fish to be reducec to below 5 ppm. These
inciuue current contamination levels, methoa of contamination, ce-
gradation of UUTK by natural processes, effectiveness of UUTR removal,
and rate at which fish can excrete or break down DUTK. In Appencix 11,
Section 5.3, tnese tactors are considered in some depth. Channel catfisn
in wheeler KReservoir downstream ot 1C appear to have DUTR concentrations
on the order of 10 ppm due to very low lcvel contamination ot either or
both sediment and water. nNear [C UDUTR levels in channel cattish are
higher which may be due to higher localized sediment or water UUTK
concentrations and/or to miyration of fish in and out of 1L. ueverthe-
less, i1t appears that for channel catfish bioconcentration of LUTK
produces tish concentrations in excess of b ppm from extremely low
environmental conceuntrations. Hence, it is not reasonable to expect
channel cattish UDTK levels to drop below 5 ppm until environuental UUTK
levels are reduced pelow what currently exists in tne Tk. Presently this
level is-velow what might reasonably be expected to initially remain in
IC ang Hsb after a mitigation alternative was completed. Further, tnese
levels of DUTK in the TK water and sediment woulu still be present even
if a mitigation alternative were completea. Ftollowing the completion ot
any of the alternatives except natural restoration, it is dassuneag that
the flow of UUTK to the TK would be significantly reduced. wWith little
or no "fresh" UDUTK entering tne river, it could be expected that existing
concentrations would go down.

Unfortunately, no aata exists regarding natural ceyradation rates for
UUTK urder conditions similar to those found in IC and TK. Data for
breakdown rates in soils show figures ranging trom less than that one
year to greater than 30 years depenaing on a number of conaitions (see
Appendix I, Table [-5). Under the assumption that some mitigation action
hao essentially eliminated the movement of DUTK from [C to the Tk ana
that natural breakdown in an aquatic environment mignt roughly paralilel
breakdown in the soil, signiticant reductions in ULUTK might occur in
roughly 1-30 years.

Since tne uptake and reduction of DUTR in fish has veen shown to occur 1in
significantly shorter time spans than appear to be required for natural
degradation of UDTK, it is assumed that the fish are at or near equili-
brium with respect to ULTK in the environment (Macek ana korn, 1970;
macek et al., 1970; Jarvinen et al., ly76). Consequently, one
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would expect DDTR levels in fish to closely parallel reductions of DDTR S
in the environment. RO,

1f the assumptions and conditions noted above are valid, it might take .
from a relatively few tc 30 or more years for DDTR ievels in cnannel
catfish in the TR - drop below the 5 ppm guideline following completion
of one of the action alternatives. Further, sinrce 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 periods of time.

No difference between the action alternatives can be detailed regarding
how quickly DDTR levels in channel catfisn in IC and HSB can be reduced.

The natuyral restoration alternative is predicted to be ineffective in
controlling DDTR contamination of the HSB-IC-TR system. A more complete :
explanation can be found in Section 9.1 of this Appendix. i

-
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