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approach to such'corrective action. The nature and extent of contamination 
have been defined, and engineering, economic, and environmental feasibility of 
alternative solutions have been evaluated.  Study included extensive field and 
laboratory work. Data were gathered on fish, sediment, water, macroinverte- 
brates, plankton, aquatic plants, mammals, birds, and reptiles in the area. 
Additionally, efforts were made to secure all prior existing data. 

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

Principal study findings include: 

1. An extensive amount of DDTR exists in reservoir sediments. 

2. DDTR is being moved slowly downstream. 

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

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

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

Remedial alternatives for mitigation were compared to  the Natural Restoration 
Alternative, which is to allow clean-up by natural processes. Alternatives 
are based on various means of isolating DDTR from the environment and 
include:  (1) dredging or removing the contaminated sediments and placing them 
in a secure landfill, (2) covering the contaminated sediments in place, and/or 
(3) bypassing flow around the contaminated area.  For the six final alternatives 
details regarding engineering and economic feasibilities and environmental and 
regulatory impacts are presented.  Time required for remedial results is also 
discussed. 
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DEPARTMENT OF THE ARMY 
MOBILE DISTRICT. CORPS OF ENGINEERS 
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HEPLV TO 

ATTFNTIOM OF: 

Environmental Quality Section 

TO ALL INTERESTED PARTIES: 

May 4, 1984 i 

ss 
:>r 

•di In November of 1980 we sent you a copy of the Engineering and 
Environmental Study of DDT Contamination of Huntsville Spring Branch, 
Indian Creek, and Adjacent Lands and Waters, Wheeler Reservoir, Alabama, 
prepared under contract by Water and Air Research, Inc. (W.A.R.) for 
the Mobile District. 

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

The main difference between the old and new figures is the total, 
837 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 
Upstream of Dodd Rd. 
Dodd Rd. to IC 
Indian Creek 

in HSB 
Old Data 

95.9% 
3.1% 
1.0% 

New Data 
97.8% 
1.4% 
0.8% 

W.A.R. has considered the possible impact of these new figures on 
the clean-up alternatives proposed in 1980.  Their conclusion is that 
there is no change. The most significant facts that led to the 
selection of these alternatives were:  (1) that fish were highly con- 
taminated in all parts of the HSB-IC system and even in the Tennessee 
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 dea! 
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. 
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In response to our request, W.A.R. prepared pages to be inserted 
in the report.  These pages incorporate all changes resulting from 
correction of the sediment DDT calculation error as well as the errata 
sheets dated January 1981.  The enclosed revision pages should replace 
all pages in the original document with corresponding page numbers. 

We regret the error; however, we feel that it does not alter the 
basic conclusions of the 19f0 report.  If you have any questions about 
these revisions, please call Dr. Diane Findley at 205/694-3857 or 
FTS 537-3857. 

Sincerely, 

Willis E. Ruland 
Chief, Environment and Resources 

Branch 

Enclosure 

_^_  
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(EXECUTIVE SUMMARY 

l.ü INTkUDUCTIUN 

This report deals witn DDTk contamination in northeast Alabama in the 
Tennessee Kiver system from Mile 260 to 37b which incluoes Wilson, 
wheeler, and Guntersville Keservoirs. The primary area of interest is 
the nuntsville spring Branch - Indian LreeK (Hbb-lC) tributary system 
which enters the Tennessee River (TK) at Mile 321. From 1947 to 1970 a 
privately operated OUT plant on keostone nrsena'. discharged waste 
containing DDT residues (DOT + UuU + DDE), commonly referred to as DUTk. 
A major impact of these residues has bee*-1 the contamination of certain 
fish species to UuTk levels exceeding the 5 p,jm limit set by trie Food and 
Drug Administration (FDA) for edible portions of fish. 

In the spring of 1979 an engineering and environmental study was 
initiated by the Department of the army, with study management by the 
U.S. Army Corps of Engineers, to establish the basis for determining 
whether corrective action is required, and if so, the engineering 
approach to such corrective action. This contract report to the Corps 
defines the nature and extent of the contamination and evaluates the 
engineering, economic, and environmental feasibility of a broad range of 
alternative solutions. The study included extensive field ano laboratory 
work performed lsrgely by the Tennessee Valley Authority (TVA). Data 
were gathered on fisn, sediment, water, macroinvertebrates, plankton, 
aquatic plants, mammals, birds, and reptiles in the area. Additionally, 
efforts were maoe to secure all prior existing data relevant to this 
subject. 

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

2.U EXTENT UF ThE HKUbLEM 

historically, wastes from the OUT manufacturing plant flowed down a ditcn 
to HSB at about hile 5.4. Records exist indicating contamination of 
sediments in HUB to levels exceeding 10,UUU ppm as early as 19b3. In 
197U analysis of fish from the area showed some samples from both Wilson 
and Wheeler Reservoirs exceeding the 5 ppm criteria. In the early 
lybU's, bird population estimates for Wheeler National Wildlife Refuge, 
which includes the contaminated area, showed declines of certain species. 
However, since many of the species were migratory, it cannot be 
definitely concluded that this contamination caused the decline. 

In the late 1970's much more extensive information was gathered regarding 
the extent of contamination in sediments, water, plants, and animals. It 
is estimated that some 475 tons of DDTk currently exists in the sediments 
of HSb and It. About 34 percent of the DDTR is in the top 6 inches of 
sediment. Un an areal basis, about 97.8 percent of the JDTR is in HSB 
upstream of Dodd Road between Miles 2.4 and 5.4. Another 1.4 percent is 
in the lower 2.4 miles of HSB and the final u.U percent is in the lower 5 
miles of IC. About 99.9 percent of the DDTK is in the bottom sediments 
with the remaining amount in the water, plants, and animals. 
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OJTR is being slowly moved downstream through the Hbb-IC system and out 
into the TR. ^ery  low, but detectable quantities of DuTR exist in TR 
sediments downstream of IC. 

Fish surveys made in 1979 ano 198D inGicate tnat fish, particularly 
channel catfish, in the IC area have üüTIS concentrations well above the 
5 ppm level, many -,,-eater than SU ppm.  It appears tnat cnanrel catfish 
are the most contaminated species anG tnat they may nave UJTK levels 
above b ppm in essentially all parts of wneeler Reservoir. Snallmouth 
buffalo are contaminated to a lesser aecree but at some locations haa 
greater than 5 ppm UuTk. Largemoutn bass generally nao less tnan b ppm 
UUT although some individual fish haa concentrations greater than 10 ppm. 
White crappie, white bass, and blueqill generally appear to nave levels 
less than b ppm but may exceeo limits in the IC area. 

Two factors seem to oe causing hign levels of LLITK in  catfish ana small- 
mouth buffalo in tne Tk. First, the level of UUTK in tne TK downstream 
of IC, although low, is sufficient to cause an elevatea Dase level of 
contamination, in channel catfish this base appears to be near the b ppm 
criteria, becond, migration of fish from the more contaminated area of 
IC results in high concentrations at otner sites above wnat would be 
produced by local contamination. 

Elevated levels of DUTk have oeen founo in Dirds ano otner animals in the 
area and particularly in those living near Hbtt and IC. 

In summary it appears that: 

1] an extensive amount of ÜüTK is in the sediments of hbb and IC 

2)    this UUTk is being slowly moved through the hbb-IC system ano 
out into the Tk 

3; fish, particularly channel catfish, are highly contaminated with 
UUTk in IC and throughout Wheeler keservoir they nave ÜDTk levels above 
the b ppm criteria 

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

b) contamination of fish in the Tk also appears to be caused by the 
migration of contaminated fish to areas relatively uncontaminated. 

3.0 ALTERATIVES FUR MTIüATIOH Or THE PROBLEM 

A full range of alternatives for mitigation of this problem was 
investigated. All can be compared with the Natural kestoration 
Alternative which is to allow the situation to be cleaned up by natural 
processes. Unfortunately, it appears that this alternative has little or 
no chance of significantly improving the situation in any reasonable time 
period. 
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r 
production rates or waste generation. The plant Capacity was 
approximately 25 million pounds per year.  In 1954 (Jlin hathieson 
Chemical Company became the lessee ana continued OUT manufacture. 
Recoros do show a production rate of 2.25 nrllion pounds per month for 
all or some part of 19b9.  Increasingly stringent effluent standards 
(2U parts per trillion) were a factor leading to the decision to 
discontinue UbT proauction in June, 197U. 

2.2 WASTE TREATMENT HISTORY 

No records were found indicating any type of wastewater treatment prior 
to 1%5. In that year an effluent standard of 1U ug/1 (parts per 
pillion) was established by federal officials and a settling basin or 
tank was installed.  It was reported tnat the oasin frequently filled to 
overflowing with solids. In 1967 additional settling capacity was added. 
Anew discharge ditch was constructed parallel to the-old ditch, which 
was treated with lime and  4-"errous sulfate and filled in.  In February 
ly70 carbon filtration was added. In 197U the Federal Water Quality 
Administration lowered the effluent limit to U.Ü2U ug/1 DUTK. Production 
was terminated by June I97(j. Two other pesticides were later manu- 
factured at trie site; trichloroacetonitrile (TCAN) for less than a month 
and methoxychlor for about six months. The plant was demolished in early 
1972. 

2.3 RESTORATION WOkK UN REDSTONE ARSENAL 

Extensive restoration of the manufacturing site has been carried out. 
Initially, upstream drainage was diverted around the site. Runoff from 
the site was routed to the waste drainage ditch. Two retention dams 
were constructed in the ditch, A water filtration/carbon adsorption unit 
has Deen installed to treat water in this ditch. Surface soil at the old 
plant site was removed and buried in a State approved landfill located on 
Redstone. Excavation and landfilling of the contaminated sediments in 
the olo ditcn has been accomplished and stabilization of other UuTR 
disposal sites and installation and operation of a subsurface water 
monitoring system is being carried out. For purposes of the subject 
study, it was assumed that no further contamination of HSb would result 
from remaining UUTR on Redstone Arsenal. 

2.4 HISTURICAL ENVIRONMENTAL CONTAMINATION 

2.4.1 Water and Sediment 

No records were found of environmental monitoring prior to 1963. At that 
time the U.S. Public health Service sampled water and seaiment in 
Huntsville Spring branch, Indian Creek, and the Tennessee River. 
Elevated UOTK concentrations were observed particularly 1n Huntsville 
Spring branch and Indian CreeK. Comparison of sediment DÜTR con- 
centrations reported through the years shows no significant variation 
witfi time.  I'idian Creek values are rougnly in the 10-50 ug/g (parts per 
million) range, Huntsville Spring branch from Mile 0 to 2.4 in the 
50-J.OOu ug/g range, and Huntsville Spring Branch from Mile 2.ft to 5.4 in 

( HMMH M mtrnrnt ni>m 
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the loo-2S,000 ug/g range.    The wide variation  in the  latter reach 
results  in  part  from the unequal  distribution of UÜTR across  tne wide 
floouplain  that exists  there.    So called  "hot  spots" exist  in the channel 
and overoariK  in this reach whicn may or may not nave  been  sampled  in any 
particular  survey,    uveral1,  the existing nistorical  data do not  show any 
significant change  in  sediment concentrations  in  Indian Creek  and 
Huntsville Spring Branch  from 1963 to  1979. 

2.4.2    Fish and wildli+ e 

The  first  testing for DDTR  in biota appears  to  nave occurred  in  1904. 
Wildlife collected near nuntsville Spring branch  incluaed crows,   swamp 
and  cottontail   rabbits, opossum,   and  gray fox.    Mil   species  except  the 
rabbits  haa average DJTK concentrations over 10 ppm in muscle tissue. 
One crow haa  119 ppm uOTk. 

As early as  19bb,  oird  population estimates  for Wheeler Wildlife kefuge 
showed a aecline  in Oouble-crestea Cormorant populations.     Otner species, 
particularly raptorial   Dirds,  showea declines   in  the  19b0's.     üüTK may 
nave  been a  factor  in  some of these declines but there  is not  sufficient 
aata to establish  such  a relationship,     tven  if OuTk were a factor, 
rationwioe or even  regionwide agricultural   usage may have  been more 
important  than  tne DDTR  in HSB  ana  IC. 

The  first  reported   fish  survey aata  are  from 197u.     At  that time  white 
bass  and  channel   catfish  in Wheeler Reservoir haa  fillet UOTk concentra- 
tions  up  to o.b and Z'l.'l ppm respectively.     In  1971,  a statewide survey 
reported elevated  levels of DUTK in  fish from the Tennessee River. 
Analyses were made  in the l97b-77  perioa on  aressea  fisn  from markets  in 
the  area.    Nost  fish haa DoTk levels below the  5.0 ppm FUM limit Dut  one 
catfisn  had  lib ppm.     In 1977,  three  surveys were maae  in the  area. 
Whole boay analyses were performea  ana many fish  from the FiSb-lC area had 
concentrations over  100 ppm.     Similar results on other whole boay 
analyses were obtained on fish  sampled oetween  1977 and  1979.     In  1977 
and  197b analyses  performed on  fillet  samples  showea hign OuTk concen- 
trations with several   samples  over 100 ppm.     Consistently,   the higher 
concentrations were founc  in  tne HSB-IC area ana tne Tk within  10 miles 
of  the  IC confluence. 

3.0 PkESLNT SITUATION 

3.1 UlSTRIbUTlON OF OUTK 

3.1.1    Sediments 

Huntsville Spring branch  and   Inoian  Creek--7he mass  aistribution  of UuTh 
in  IC ano MSD is snown  in Table 1.    About 97.8 percent  of the OUTK is 
located  upstream of Uodd Road  in HSts.    nnotner 1.4 percent   is  in rtSb 
between Oodd koad and  IC.    About n.y percent of the  total   is  in  iC. 
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Table 1. Distribution of DDTR In Sediments 

Tons as ÜDT 

Locat ion uepth UOT UüU übt UUTK 

Upstream of Oodd Koad 

TUTAL 

Uodd Koad to Mouth of 
HuntsviUe Spriny »ranch 

TOTAL 

Indian Creek 

TOTAL 

OVERALL TOTAL 

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

U-6" 90.4 45.0 19.7 ibb 
6-12" 105 35.9 14.6 156 

12-24" 8b.0 2^.5 6.4 115 
>24" 33.1 5.2 1.0 39.3 

"3Tb~*~ T09 TT"7 '4~bT""* 

0-6" 2.1 1.9 0.63 4.6 
6-12" 0.54 0.79 0.36 1.7 

12-24" 0.12 0.12 0.07 0.31 
<24" 0.00 0.00 0.00 0.00 

7Tb or T7(Tb' X6T 

0-6" 0.54 0.84 0.60 2.0 
6-12" 0.16 0.26 0.27 0.69 

12-24" 0.17 0.33 0.33 0.83 
>24" 0.01 0.01 0.00 U.02 

TJTöcJ 1744* rrzu 335" 

i 318 113 44 475 
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Mbout 34 percent of the UUTR is contained in tne top six inches of 
sediment and about 67 percent is in the top 12 inches. 

The DUTR areal distribution in pounds per acre for the most contaminated 
area of Hbb is shown in Figure s. The most contamination exists in the 
channel and overbank upstream of Doad koad (HSbh 2.4). 

DUTR concentrations in stream bottom and overbank samples are  snown in 
Table 2. 

Tennessee kiver (Excluding Huntsville Spring Branch and Indian 
lreek)--L)etectdble quantities of UUTk were found in all (9 total) surface 
sediment samples in the Tem.essee River from Mile 30U in wheeler 
Reservoir to Hile 2bO in Wilson Reservoir. Hard or rock bottom 
conditions precluded sediment sampling at some locations. The average 
concentration actually detected was 0.08 ppm with a range of 0.05 to 
0.10 ppm.  If isomers not detected were considered at stated detection 
limits, the average would increase to 0.18 ppm with a range of 0.16 to 
0.19 ppm. 

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

Detectable concentrations of UuTR were found in three of seven 
tributaries to Wheeler Reservoir. Two, Limestone Creek and Spring Creetc, 
are located below Indian Creek and the other, faint kock River, above. 

Total estimated DUTR »mounts in sediments, excluding HSts-IC, is as 
follows: 

Tons 

Tennessee River Mile 275-300 
Wilson Reservoir 
Other TR Tributaries 

Total 1.8    - 2.9 

3.1.2 Water 

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

3.1.3 Biota 

Estimates were made of the total DDTk contained in the following groups: 
macroinvertebrates, birds, fish and other vertebrates. The area included 

1.4    • •   1.9 
0.4 - 0.9 
0.04 - 0.12 
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Table 2.    Summary of St rear.. Bottom and Overbank Sediment DDTR Concen- 
trations in Indian Creek, Barren  Fork Creek and Huntsville 
Spring Branch, August 1979. 

Location Depth 
Horizon 

No. 
Samples 

Sed^ 
DDTR •.oncentra4 

Mean 

ment 
.ion1   (ppm as  DDT) 

Range 

ICM 0-5 0-6" 
6-12" 

12-24" 
>24" 

18 
10 
10 

3 

17.8 
8.88 
5.83 
0.61 

<1.01 
4.65 

<0.81 
<0.16 

- 30.8 
- 15.2 
- 15.8 
- 1.51 

Overall 8.75 <0.16 - 30.8 

HSBM 0-2 4 0-6" 
6-12" 

12-24" 
>24" 

15 
14 
8 
2 

97.8 
9.99 
3.30 
0.72 

<2.26 
<0.13 
<0.37 
<0.66 

- 403 
-42.1 
- 9.77 
- 0.78 

Overall 38.1 <0.13 - 403 

HSBM 2.4-5.4 0-6" 
6-12" 

12-24" 
>24" 

54 
45 
28 

3 

1 
2 

1 

,360 
,160 
299 

,820 

<0.86 
<0.09 
<0.19 
<0.38 

- 14,700 
- 30,200 
- 2,730 
- 12,100 

Overall 1 ,540 <0.09 - 30,200 

HSBM >5.4 0-6" 
6-24" 

12-24" 

3 
3 
3 

0.63 
0.48 
0.30 

0 
0 
0 

.63 

.48 

.30 

Overall 0.47 0.30 •    0.63 

2 
Floodplain 0-6" 11 0.95 <0.13 -    2,420 

BFC Overall <0.94 <0 .94 

NOTES: 

'     «11      1-.,,     *U ,. .      u.t.iU       M ..1 

Mean ex^udes station HSB FP 1, floodplain static-« near mouth of 
"Old Waste Ditch", and includes  "Floodplain" stations in Indian 
Creek. 
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• 

for fish and macroinvertebrates was Wneeler Reservoir. For birds ana 
other vertebrates, Wheeler National wildlife Kefuge was considered. 
Because precise data are not available for eitner total populations or 
average ÜDTK concentrations, these data snould be considered only as oest 
estimates. The purpose of this data is to show tne total amount of oDTk 
in biota for comparison with amounts in other substrates. Tne biological 
significance of ÜÜTk in biota is discussed In otner sections of this 
report. 

Organism 

riacroinvertebrates 
f-'ish 
biros 
Other Vertebrates 

Total 

3.I.** overall uistrioution of ÜÜTK 

overall, the UL)TK is contained predominately in sediments as snown 
below. 

Total DOTk 
KOunos 

14 
34 to 340 

2 
fa 

Tons 

0.007 
0.017 to 0.17 

0.001 
0.ÜU3 

56 to 352 0.03 to 0.18 

Substrate Location Tons ujTk % of Total 

Sediments hSb-IC 47 b 99.4 
Sediments Wilson and Wheeler 

excluding HSb-IC 
1.8 - 2.8 0.4 - 0.6 

Water <U.3 - 1. <0.0o - 0.2 
biota 0.03 - 0.18 <0.006 - 0.04 

Total 477 - 479 100 

3.2 CURRENT CONTwMINATION LEVtLS 

3.2.1 Plankton 

No accurate analysis of OuTk in plankton could be rnaue as it was not 
possible to separate the plankton from inorganic suspended solids which 
also contained nign concentrations of OOTK. 

3.2.2 Macroinvertebrates 

A strong relationship between ÜÜTk concentration  in macroinvertebrates 
arid  location relative to contaminated  sediments  is evident.     In the 
Tennessee River macroinvertebrate DüTk concentration  ranged  from 
0.02 to 0.50,   in Indian Creek  from 24 to 35b,  ano  in huntsville Spring 
branch  from 2.5 to 2,710 ppm. 
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Table 4.    Nummary of DDTR Results of July-October 1979 Fish Survey 

Channel i>mal lmouth Largemouth bluegil1 
Location Catfish buffalo Bass 

CCM 2 bb(3.3-139) 0.15 0.352 0.25 
Ekh 5 1.2(0.4-2.3) 1.35 0.0b 0.05 
£RH 10 0.55 l.l 0.05 0.05 
tKM 15 0.4 0.25 0.05 0.05 
FCM 5 3.75(0.15-19.1) 0.25 0.15 0.2 
FkM 1 0.5(0.1-2.6) — 0.05 

1.4« 
0.05 

ILM 2 186(15.5-627) 16.2(2.2-44) 4.2(2.1-6.6) 
LCh 3 4.3 5.4(0.25-1.1) 0.15^ 0.15 
RkkM i 0.2(0.2-2.6) 0.4 0.05 0.05 
5CM 1 1.95 1.1 0.05 0.05 
TkM 260 O.b — 0.1 0.05 
TKM Zbo   — 0.0b 0.1 
TKM 270 1.3 l.b Ü.15. 

0.05^ 
0.05^ 

0.2 
TkN 27b 1.8(1.2-10.1) 3.9 0.15 
TKM 280 0.7 2.8 0.1 
TkM 285 — 0.7 0.25 0.05 
TkM 290 2.0(U.<+5-2.2) 5.1(0.25-4.5) 0.15 0.05 
TkH 29b 1.9 2.1 0.10 0.05o 

0.05^ TkM 3U0 12.5(1.4-46.3) 0.9 0.4 
0.15< 
.0.15^ 

9.2«(0.5-3.I)1 

TKM 30b 12.8(1.3-21.0) 0.3 0.05^ 
TkM 310 A              l'2 3.2 0.2 
TKM 31b *9.1(3.0-40.0) 2.75 0.25 
TkM 32ü 9.b(0.8-22.0) 1.2 2.8 0.7 
TKM 32t> 0.3 1.3 6.0 0.15 
TkM 330 0.35 0.9 2.3(0.55-16.1) 0.1 
TRM 33b 0.35 0.6 7.3(1.9-11.9) 

0.dJ 
0.05 

TkM 34U 1.2 0.7 0.1 
TkM 345 1.2(0.8-3.7) 0.5 1.5 0.06 
TkM 3b0   — 0.25 0.05 
TKM 375 0.15 0.5 0.05 0.05 
TRM 40U --- 0.6 0.05 0.05 

Notes: First number is DUTR concentration in a six fish compo! site. Concentra 
tion ir ug/g. 
Numbers in parenthesis are  range of results from individual fisn 

analyses. 
Fillet samples for all species shown. 
TKM 260-270 in Wilson Reservoir. 
TRM 35U-400 in Ountersville Reservoir. 
Mil other sites in Wheeler Reservoir. 

*0nly two individuals analyzed. 
Results may ue low - run on 12 December, bee Quality Assurance Document. 
3LPA got 9.4 for this sample. 
4tPA got 25.4 for this sample. 
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Table b.    Summary of UUTK Results  of June-July 19H0 Fish Survey 

Composite Individual Kisn Samples 
location Species Sample Average Kange 

TKM 27b CO 9.3 11 4.b-2b 
TKM 281) U 8.6 b.b 5.5-ld 
TkM 28b cc lb 9.b 2.8-19 
TRn  290 CO lt> 13 3.5-22 
TKM 29b cc lb 14 4.7-31 
TKM 3UO LC 9.0 11 3.0-18 
TKM 3Ub CC 10 14 9.7-22 
TKM 31U LC 9.2 9.2 3.8-17 
TKM 31b cc 5.4 7.6 3.3-13 
TKM 320 cc 120 120 13-3bU 
TKM 32D cc 100 190 0.74-1100 
TKM 33U cc 34 il 2-14U 
TKM 34U cc 25 33 1.5-180 
FCM b cc 50 45 10-150 
LCM 3 cc 14 13 2-28 
SCM 1 cc 5.8 5.U 2.6-9.1 
TKM 2b0 SMB 6.4 3.9 2.3-6.8 
TKM 290 SMB 12 10 3.4-21 
TKM 3UÜ SMB 6.3 5.0 1.3-10 
TKM 31U SMri 4.3 4.0 1.4-6.1 
TKM 320 SMb 2b 24 0.43-48 
TKM 3JU6-34U SMB 0.Ö9 0.9b 0.25-2.5 
TKM 28b LMB U.38 U.3b 0.11-U.80 
TKM 34b LMB 2.1 2.4 0.3S-7.4 

Concentrations  in ug/g 

CC=Channel  Catfish,  SMb=SmalImouth Buffalo,  LMb=Largemouth bass. 

Six  individual   fish were taken at each  sampling  location.    All   analyses 
were  in  fillet  samples. 
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bmallmouth buffalo appear to be contaminated,  particularly at and 
downstream of IC.    Largemouth  bass nave  lesser overall  contamination but 
some  individual   fish had  relatively high UL)TR levels. 

Method o<-" Coptamination--The source of contaminated fish in the Tennessee 
River is ot significant concern. Several possibilities exist. The river 
could contain  sufficient UL)TK residues  from IC-HSB or  from other sources 
to contaminate  tis'i.     The  contamination could result from fish Decoming 
contaminated   in  IC-hSb ana migrating out  into the  river. 

Sediment  analyses clearly show the 1Ü-HSB system as being a major source 
of uuTk.    Further,  it nas  been shown that at  least some ÜUTR is  being 
transported  out or' the  IC-HSB  system to the TK.    Sediment  and water 
analyses for the Tk ana   tributaries  indicate no other significant  source 
of UüTR. 

txcept for the unexplained high levels in channel catfisn at Flint Creek 
Mile b, the pattern of contamination for individual fish in the June-July 
1980 survey also suggests hSb-It as the primary source of DUTK. 
Uownstream of IC more than dO percent of the catfish haa UÜTK levels 
above 5 ppm.  it seems likely that such a consistent pattern of 
contamination woula result from in situ conditions rather than migration. 
Above IC individual fish concentrations were more variable and suggested 
migration as a likely source of upstream contamination. 

3.^.4 Birds 

Current data for D'JTR in Green herons  and Wood Ducks from TRM 271 to <*02 
are  reoortec  in this study.    Bircs from the IC-HSB area haa  almost an 
order of magnitude higher üüTk concentration  than birds from other parts 
of the study area,    both Crows and Mallard ducks collectea  in February 
1979 had geometric mean OUT« concentrations of 4.0 ppm in muscle tissue. 
Mallard wing analyses  for the 1978-79 hunting  season showed order of 
magnitude higher L)UTK leve's *dr b">os from Limestone and iiadison Coun- 
ties  as compared to other Alabama counties surveyea.    The Arsenal   is in 
Madison County and  Limestone  is the next county west. 

3.2.5 Mammals 

UUTk levels  in shrews were b2 ppm in hSb ana no higher than 7.7 ppm in 
five other areas,    tfuskrats from HSB had 0.2b ppm UUTK and  less than half 
that  in five other areas.    Cottontail   and  swam^ rabDits from tne Arsenal 
contained mean concentrations of 0.27 and U.25 ppm UUTk. 

3.2.6 keptiles 

Snapping turtles and water snakes from HSb had UUTK concentrations of 
0.4b and 1.8 ppm respectively. These were the highest values reported in 
samples from this area. 
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3.2.7 Vascular Plants 

tiuttonbusn samples from HSb hail a UüTK concentration of G.065 ppm 
compareo to Ü.UÜ5 ppm at TKM 35y upstream. Uuckweea from th» most 
contaminated stretch of HSß hau concentrations as nign as 5.6 ppm. 
Hibiscus was founo to contain 0.70b ppm UuTR in HSb compareo to Ü.U04 ppm 
at Tkh 3ü9. 

3.3 ENVIRONMENTAL TK/-NSKJKT ÜF UüTk 

Uf particular concern in evaluating tne current situation and predicting 
future conditions is tne stability of tne uüTk now in tue system.  Is the 
contamination spreading and if so, now? Or is tne DGTR degrading and/or 
becoming isolated from the rest of tne environment? Two means of 
transport were considered, physical and biological. 

3.3.1 Physical Transport of L)UTK 

Because tne vast majority of DuTk is founo in the seoiments, processes 
which would teno to move seoiments were of particular interest. Thus 
sediment transport, particularly during high flow storm events, was 
expectea to be important. Sampling was carried out during a number of 
storm events a', four  locations in the hSh-IC system to evaluate UüTk 
transport. Measurements, including rainfall, stage, oiscnarge, suspended 
solids, volatile suspenaeo solids as well as suspended vi«e-» passing a 
bju sieve ana retaineo on a %lu glass nber filter) ariG dissolved/ 
suspenoec (i.e, passing a  "vlu glass fiDer filter) bDTh concentrations, 
were made a numoer of times during eacn storm runoff event. Usable oata 
were obtained from three storm events. 

In oroer to estimate UUTk transport rates, multiple regression models 
were developed relating suspenaeo DüTK transport rates to sampling 
locations, discharge, type of runoff event (i.e., headwater or tailwater) 
ana the transport rate of the corresponding suspended solids leading rate 
(i.e., <63u and >iu) and relating dissolved/suspended UUTK transport 
rates to sampling locations, oiscnarge and the volatile suspended solids 
loading rate (i.e., <63u and >lu). Seasonal and annual flow duration 
relationships were developed at eacir,  sampling location, the seasons 
winter (November-April) and summer (May-October) being oefinea with 
respect to Wheeler keservoir operational procedures. Suspended and 
volatile suspendea solids loaaing rates were related to sampling location 
and discharge utilizing multiple regression techniques. The frequency 
with wriich tailwater runoff events occurreG in the lower reaches of 
HSB-IC were est«matec from an examination of tr,e regional topography ano 
seasonal stage duration relationships developed tor tne Tennessee kiver 
at Whitesourg, Alabama. The combination of these Gata yielded estimates 
of the seasonal and annual UUTK transport rates within ana out of the 
Il-HSb system. Predicted annual UJTK transport rates and 95 percent 
confidence limits are as follows: 

13 REVISED APRIL 1964 

—. 



UuTk Loading        95% Confidence Limits 
Location        (tons/yr as OPT) (tons/yr as DDT) 

upstream of Old DDT Waste Pitch: 

hSbM 5.9 0.01 0.006 to 0.05 

Downstream of Old UPT waste Ditch: 

HSBM 2 4 0 .b2 0 .25 to 1 b 
I CM 4 b 0 99 0 44 to 2 2 
I CM 0 9 0 64 U 31 to 1 3 

MS these figures indicate, PuTk is being scoured upstream of Uodd Koao 
and is being transported downstream to tne Tennessee kiver. Over two 
thirds of the PPTk transport out of the IC-HSb system occurs during the 
winter months (Nov-april). The DPTk loaa to the Tennessee kiver is about 
equally divided between the suspended fraction, associated with silt and 
medium arid coarse clay sized materials, and the dissolved/suspendea 
fraction, either dissolved or associatea witri fine clays and colloidal 
material.  It should be noted, that at the rate at which the DuTk 
contamination in the IC-hSb system is being transported to the Tennessee 
kiver by fluvial transport processes, i.e., 0.07 to U.27 percent per 
year, it will take centuries to flush the system. 

3.3.2 Biological Transport of PDTk 

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

4.U ALTEkNaTIVLS FOk MITIbATION OF PPT CONTAMINATION IN HUNTSV1LLE 
SPklNG. bkANCh AND INDIAN CkEhK 

4.1  INTkOPDCTION 

Six alternatives are presented for mitigation of DDTk contamination in 
HSB and IC. They are: 

A) Natural  kestoration, 
b) Dredging and Disposal, 
C) Out-of-Basin Diversion and kemovai  of Contaminated Sediments, 
D) Out-of-basin Diversion ano Containment of Contaminated 

Sediments, 
t)  Within-basin Diversion and Remova"   of  Contaminated Sediments, 

and 
F) Within-basin Diversion and Containment of Contaminated 

Sediments. 

A number of other alternatives,   including  in-place  stabilization or 
detoxification ana  impoundment  structures, were considered but proved not 
to be feasible. 
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These alternatives do not deal with ÜDTK contami ration in the TK. 
Concentrations of UUTK in the TR sediments are approximately two orders 
of magnitude oelow those in It, being on  the order of non-detectable to 
0.2 ppni compared to typical concentrations of  10 to 30 ppni in 1C 
sediments. 

because of these low concentrations and the large area over which low- 
level contamination is dispersed in the TK, mitiyation alternatives there 
appear to De economically infeasible.  The relatively high (10 to JO ppm) 
concentrations of DuTk  in IC channel sediments warrant consideration of 
mitigation alternatives in IC upstream to the HSB confluence. It is 
apparent that this level 01 contamination is a major source of UDTK in 
fish inhabiting It ana the TK. Due to the flows encountereo in 10 and 
the infeasioi1ity of containment alternatives tnere, the only practical 
means of dealing with this contamination is by dredging the sediments, 
with the exception of the natural restoration alternative, all 
alternatives presented include the drecying of IC in addition to 
mitigating contamination in HSB. 

Presentation of the alternatives will begin with a discussior of relevant 
properties of (JUT ana physical characteristics of the study area. These 
considerations are  of paramount importance in assessing the effectiveness 
and environmental acceptaoility of the alternatives. 

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

4.2 CHARACTERISTICS OF DOT-SEDIMENT ASSOCIATION 

4.2.1 Introduction 

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

4.2.2 DOT Mobility in Sediments 

All OuTk isomers are extremely hyarophobic, their solubility in water 
being on the order of 1.2 ppb. Numerous researchers have reported the 
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FIGURE 6.    Areal Plan for Hydraulic Dredging in Huntsville Spring Branch 
and Indian Creek 

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

4.3.Z    Temporary ureoged Material  Disposal  Area (TUMUA) 

Introouction--To implement a dredging alternative it will   oe necessary to 
site a temporary dredged material  disposal   area within reasonable pumping 
distance from the areas to  be dredged.    The disposal   area must  be 
caretully designed  to assure containment of the contaminated sediments 
and to provide for adequate treatment of the overflow water.    The 
location of  tue preliminary selected TUf'iüA is  indicated   in Figure 6. 

Keturn Water Treatment System--Treatment of the return water will  be 
necessary before  it  is discharged to HStL    The proposed treatment  system 
is designed for complete  solids removal  with caroon adsorption  to remove 
soluDle UbTK.     Disposal   areas  sized  for Dredging Plans  1  ana  II will 
require Z MbU capacity and that  sized for uredging Plan III will  require 
3   I'lbU. 

Uewatering Ureoged Material--uewatering of the dredged material  will  be 
neces'sary oetore an üTtTmate disposal  option can  be carried out,  be it 
OM-site application of a stable   impermeaDle cover,  or  transportation of 
tne material   to off-site mine disposal. 

A series of studies conducted Dy the U.S.  Army Engineer waterways 
Experiment Station under the Dredged Material Research Program    concluded 
that  natural  evaporative drying witn progressive trenching  is the nost 
efficient  and cost-effective method of dewatering fine-grained  jredgea 
material.    Uttier methods  investigated were the use of  underdrains, 
horizontal  or vertical   sand drains, mecnanical  agitation,  electro- 
osmosis,  and vacuum well   pointing.    While some of thes<  methods produce 
higher rates of dewatering,  they incur high capital   and operating costs 
ana  are not cost-etfective unless constraints,  such  as time available, 
preclude natural  dewatering. 

4.3.3.    Uredging HSB and  IC Sediments 

Uverview-- Channel  dredging will  proceed in the following sequence: 

1) construct necessary access roads along HSb, 

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

3) dispose of the cleared debris  in a landfill,  and 
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4)  hyuraulicaliy dredge  the channel   sediments  and  transport material 
via pipeline  to the temporary disposal   area. 

For removing overbarik material   in Reach A of HbB,   the  following approach 
will   be usea: 

1) clear  veyetation  from the  overbank, 

2) grub  all  root  systems, 

3) remove contaminated  sediment with  a dragline, 

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

5) dispose of  contaminated  tree material   in   landfill,   and 

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

Channel   Dredging--* conventional   basket cutterhead  dredge  such   as the 
14-incn tllicott  77U coula be employed to dredge HSB ana  IC channel 
sediments.     Dredging will   commence at HSb Mile 5.6  as   soon  as   sufficient 
channel   is cleared and  proceed downstream,   following  the  snagging 
operation. 

Due  to  the   long  discharge distance  to  the TDhUA (12.5 miles  from  IC 
Mile U.U)  a  total   of  11 booster pumps will   be required   in  the discnarge 
line.     Use  of   electric  boosters   is  recommended,   as  they  are much more 
easily adapted   to an   integrated  central   control   system  to maintain  steady 
flow  in  trie discharge   line.     A temporary power   line carrying  primary 
voltage  ^43 kv)  would  be required  along  the  access  road  to  provide  power 
for  trie boosters.    Spacing power poles  at  17b foot   intervals  and 
installing conventional   street   lights on each would provide  adequate 
lighting along the  access  road  for evening  shift wcric  and  pipeline 
inspection. 

Overbank Removal--Trie critical   overbank  area  indicated  in Figure 6 
consists  or   approximately 25 acres  and contains an  estimated  28 percent 
of  the  total  UUTK  in  the hSB-IC system.     Its removal  will  require 
excavation  and disposal   of 121,bUU cubic yards  OT  sediment.    The 
non-critical   overbank  areas of Reach A contains  approximately 1.1 percent 
Of  the  total   UUTK  in  the HSb-IC  system.     In  order  to remove this 
1.1  percent,  approximately 235 acres  of overbarik will  have to be cleared 
and  grubbed,  arid  1,122,4UU cubic yards of  sediment will  have  to  be 
excavated. 

Removal   of the overbank  sediments will  require clearing  all   vegetation 
and  grubbing   all   root   systems.     Disposal   of cleared  uncontaminated timber 
and  debris  will   be  provided  by the  contractor hired  for  clearing. 
Kemoval   Of  the contaminated  sediments  to a depth of 3 feet  can be 
accomplished  simultaneously with  grubbing by a small   dragline,  operating 
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8) Section 2ba of the Tennessee Valley Authority Met, 
9) Various Historic and Archaeological Uata Preservation Laws, 

ID) Mlauama hazaraous wastes Management Act of 1978, 
11) Alabama Mir Pollution Control Act of 1971, 
12) occupational Safety and Health Administration Legislation, 
13) Executive Order 11988, and 
14) txecutive Urder 11990. 

4.9 PROPOSED MLTEKNATIVtS 

4.9.1 Alternative A: Natural Restoration 

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

1) the UUTk must be degraaed to harmless compounds, or 

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

3) the UuTR must be flushed out of the system. 

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

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

The third possible means of natural restoration would be for the UUTR to 
be flushed out of the system, üiven the mass of UUTR in the HSb-IC 
system and the current estimates o£ transport rates, it appears that 
hundreds of years would be required to flush the system naturally. Even 
if this were to occur, the positive effects on the HSb-IC system would be 
more than offset by the negative impacts on the Tennessee River. 

A further negative factor in assessing the potential effectiveness of 
this alternative is the relatively small amount of DUTR required to cause 
significant contamination. Currently, only 0.8 percent of the total UuTR 
is in Inoian Creek and fish are contaminated.  It the sobstantial 
storehouse of UuTK upstream is left uncontrolled, the tnreat always 
exists that contamination of IC will be maintained or even made worse. 
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It may be that, given enougri time,  sufficient UUTK  wi 1!  move  into the IK 
to cause even worse contamination problems there. 

On  a more positive note,  there   is  the  suggestion  in  some of  the  uiru 
population data from wheeler National  Wildlife Ketuge that  some species 
adversely  impactec  Dy DUTK have been recovering  in recent  years. 
However,   this  recovery  is  not oDservec  in ;r,any species.     Also,   it   is not 
known whetner  the  appe-ent  recovery  in  so;r,e  species   is due  to  local, 
regional,  or  areawioe conditions. 

The  short-term ris<  of natural   restoration  is relatively low  in  that  the 
situation  does not  appear  to be -apidly worsening.     Thus,   it would  be 
possible  to tentatively employ this  alternative coupled with continued 
monitoring  and  status  reports.     Tms would  allow  additional   time during 
which more definitive  information coulo oe  gatnereG  to determine 
contamination  trenos.     Such  a monitoring  program should   include 
measurement  of DUTR levels  in fish,  sediment,  water and  to  a more limited 
extent  in  animals  and  biros.    Cost would  be aepenoent on   intensity ano 
frequency of sampling but  is  roughly estimated  at S6U0,0o0 per year. 

The  selection  of  the natural  restoration  alternative woulc nave the 
advantage  of providing  time during wnich  new arid/or currently unproven 
technology could  be developed wnich miynt result  in a more cost  effective 
mitigation  plan.    However,  there  is no guarantee that  such  a plan would 
materialize. 

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

4.y.£.    Alternative B:    Dredging and Disposal 

hbb and  IC channel   sediments would be nydraulically dredged to  a depth of 
3 feet.    The critical  overbank  area woula be dragline  oredgec  to a depth 
of  3 feet.    Non-critical  overbank  sediments may or may not  be dredged. 
Hydraulically dredged  sediments would be pumpeo  to trie TDMuA,  where they 
would be oewatered.    Dragline-dredged  sediments would be  trucK-hauled  to 
the TDMDA.    Tne most feasible means of permanent disposal   of contaminated 
sediments   is closure of the TDMÜA as  a permanent  landfill. 

Implementation Summary-- 

1) Conduct cultural resources survey of impacted areas and implement 
necessary actions to recover or • -eserve valuable sites. 

d.)    Construct temporary dredyed material disposal area (TDKüM). 

3) Secure lease on return water treatment system anu set up at 
TDI-IDA 
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4) Clear and grub critical overbank area, dredge those sediments 
with a aragline to a depth of 3 feet, and dispose of in TUMUA 

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

t>) Clear all snags and debris from HSB and 1C channels 

7) acquire IZ,  14-inch booster pumps and install 11 of them at 
b,UUU foot intervals along access road (one usea as spare) 

8) Implement monitoring of dredging operation 

y) Dredge Hbb and IC channels with 14-inch cutterhead hydraulic 
dredge to a depth of 3 feet, beginning at Hbb Mile b.b. Hump dredged 
sediments to fbYibA 

lu) btfwater dredged material in the TDMUA 

11) Permanently aispose of UbTK-contaminated sediments by closing 
TUMUA as a landfill 

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

Uptions Availaole With Alternative b-- 

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

2) Delete carbon adsorption from return water treatment system 

3) Remove dewatered sediments from TUMOA ana dispose of in an 
abandoned mine 

4) uelete dredging of Reach C (IC) 

5) Delete dredging of Reaches b ano C (Hbb Mile 2.4 to IC iiile U.U; 

Cost Summary for alternative b--The cost summary for alternative b is in 
Table 6. 

Impact Summary for Alternative B--The environmental impacts of dredging 
and uisposal nave  been discussed in Section 4.j.b. 

with regard to Cultural Kesources, dredging impacts a large number of 
higri prouaDility locations in the proximity of Hbb and IC. There is 
presently no way to predict accurately how many sites are located in the 
alluvial bottomlands of IC and Hbb, now inundated by wheeler Reservoir. 
Disposal of dredged material will impact a relatively smaller area with a 
high probaoility for site locations, as indicated by the reconnaissance 
survey. 
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Table 8. Lost Summary for Alternative B (As Detailed in Table Hi-li 
for Dredging Plan 111) 

Dredging 
Plan 

Keacnes 
Inc iuued* 

Total tstimated Lost 
(Mil lions of Dollars) 

I 
II 

III M , b, C 

3U.91 

72. 03 

tstimateo tfrect of utner uptions on Lost tstimate (Millions of Dollars] 

-Implement uoncrttical uverbank Removal Uption + 14.b7 
-Delete Larbon adsorption From Keturn Water 

Treatment System - 4.16 
-Implement Mine Disposal (Han III) + ib.bl 
(Incluuing Disposal .f Noncritical Uverbank Sediments) + 43.37 
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4.9.3    alternative C.    Out-of-basin Diversion ano Removal  of Contaminated 
Sediments 

HSB would be diverted  from 3 miles  upstream of  the nighly contaminated 
area directly to the Tennessee River.    Channel   sediments  between HSB 
Mile 2.4 and  IC Mile 0.0 would De  hydrauücally dredged  under near-zero 
flow conditions.     The HSB channel   between Miles 2.4 and b.b may be 
hyoraulically dredyed, or dredged with  a dragline  if the  area  is 
dewatereo by construction of tne containment di*e  illustrated  in 
Figure 9.    Critical  overbank  sediments would be dragline-dredged and 
non-critical  overbank  sediments may or may nc   be  dredyed. 

Implementation Summary-- 

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

2) Construct out-of-basin diversion of HSB and McDonald Creek 
cut-off  channel. 

3) Raise Ratton Road to elevation b78 and construct dike northwest 
of Ratton Koad.    Tnis dike combination will   serve  as a diversion dike for 
HSB and will   limit  transport  of    contaminated  sediments  in HSB during 
removal  operations 

4) Construct  TDMDA 

b) Secure lease on return water treatment system and set up at 
TDMDA 

b) Clear and grub critical overt'ank area^  dredge those sediments 
with a dragline to a depth of 3 feet, and dispose of in TDMDA 

7) Dredge HSB and IC channels by one of  the two following methods: 
a) Hydraulic Dredging as summarized in items (5) through (y) of 

Section 4.9.2 
b) Construct western containment dike, drainage channel, and 

pumping station as shown in Figure 10 and excavate sediments 
within the containment area (HSB Miles 2.4 to 5.6) to a depth 
of 3 feet with a dragline. Dispose of sediments in TDMDA. 
Dredge sediments downstream from tiSb Mile 2.4 hydraulically 
as summarized in items (5) through (9) of Section 4.9.2. 

8) Dewater dredged material in TDMDa 

9) Rermanently dispose of DDTR-contaminated sediments by closing 
TDMDA as a landfill 

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

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

2) Delete carbon adsorption from return water treatment system 

3) Remove dewaterea sediments from TDMDA and dispose of in an 
abandoned mine. 

4) Delete creeping Of Reach C (IC) 

5) Delete dredging of Reaches b and C (HSD Mile 2 A  to IC Mile G.U) 

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

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

If.ipact  Summary--Tne environmental   impacts of out-of-basin aiversion ana 
ot  areaging ana disposal  have been aiscussea  in Sections 4.4.5 
and 4.3.b. 

witn  regird  to Cultural  Kesources,  alternative C  impacts  a large number 
ot  nign probability  locations.    All  prooao'.e or potential  sites  in tne 
proximity of HSB,   IC,  and the disposal   area woula be  impactea Dy aredging 
assooatec with this  alternative.     In  acaition,  tne out-or-basin 
diversion  route  affects  the   largest  riumoer  of   Known  sites,   as  well   as  the 
greatest  rumoer of  sites potentially eligible  for tne National  Register. 

4.9.4    Alternative ü:    Gut-of-dosin Diversion ana Containment of 
Contaminate beGiments 

HSB would De diverted  from 3 miles  upstream of  the highly contaminated 
area oirectly to tne Tennessee River.    Cnannel   sediments  between ,-iSb 
Mile 2.4 dnd  IC i'hle Ü.0 would oe nyaraulical ly dredged,    M containment 
aike  as  illustratea  in Figure 9 woulo be constructed.    Channel  and 
critical  overDank  seaiments within the containment  area would be covered 
witn compacted clay and clean fill.    Non-critical  overoank  sediments may 
or may not  be covered. 

Implementation Summary— 

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

2) Construct  out-of-basin diversion of HSB and McDonald Creek 
cut-off channel. 

3) Raise Patton Road to elevation 576 ana construct dike nortnwest 
of Patton Road.    This dike combination will   serve  as a diversion dixe for 
HSB ana will  help contain contaminatea  sediments  in HSB. 

4) Construct western containment dike,  drainage channel   ana pumping 
station  as  shown in Figure lu. 
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Table y. Lust Summary for Alternj' <ve C (As Detailed in Table 111-14) 

uredying r-ietnod(s) Totdl Estimated Cost 
Utilized (hill ions of Dollars) 

All hydraulic uredgir.y Yi'd.'te 

Dray line Dredging between 
HSb 111 les t.H  and b.b, 
Kemainaer nyaraulical ly 
Dredged 127.40 

tstn.iaied tttect of Uther Options on Cost tstimate (Millions of Dollars) 

-Implement iio.icritical Overbarik Removal Option in Reacn M + 14.5/ 
-Delete Carbon ndsorption From Keturn water 

Treatment bystem - 4.1b 
-implement Mine Disposal + lb.04 
(Including Disposal of Overbank Sediments) + 43.37 

-Delete hydraulic Dredging of Reach C - 17.94 
-Delete hyurauiic ureoying ot neaches 0 and C - 2b.93 
-Use nlternate Sector Koutings to Keep Diversion 

within KSM boundaries (i.e., Sectors H-2, b, 
C-2, U-2, and t) + b.22* 

*Cost increase is attributed almost entirely to the increased amount of 
bedrock expected to be encountered during excavation ct the channel. 
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b)    Clear and gruD critical  overbank area.    Remove snags and debris 
from hSb channel. 

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

7) Establish vegetative cover on placed fill. 

ö)    Dredge contaminated channel   seoiments downstream from HSb 
Mile 2.4 as  summarizea  in  items (1) througn (11) of Section 4.9.2 

y)    Implement  areawide environmental  monitoring and  lung-term 
monitoring  and maintenance of the permanent disposal  site. 

Uptions Available with Alternative D-- 

1) Apply cover  to entire overbank  area within containment. 

2) Delete carbon  adsorption  from return water treatment  system. 

3) Remove aewatered dredged sediments from TUMUA and dispose of in 
an  abandoned mine. 

4) Delete hydraulic dredging of Keach C (IC). 

sj    Delete hydraulic  dredging of Reaches B and C (HSb Mile 2.4 to IC 
Mile o.u). 

b)    Use alternate  alignment tor out-of-Dasin diversion to maintain  it 
within RSH bounoaries. 

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

Impact Summary for alternative U--Tne environmental   impacts  of 
out-ot-basin diversion and of containment have been discussed  in 
Sections 4.4.5 and 4.b.4. 

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

4.9.5    Alternative L.    within-Basin Diversion and Removal  of Contaminated 
Sediments 

HSB woula be divertea  around the highly contaminated channel   between 
Miles 3.9 and 5.0.    A containment dike as  illustrateo  in Figure b would 
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Table IC. Cost Summary for Alternative u [hs  Lietailea in Table 111-17) 

Areal txtent of 
Lover Application 

Within Containment 
Total Estimatea Cost 
(Mill ions of L»O1 lars) 

Channel and Critical Uveroank Only 

Channel and Entire Uverbank 

122. b<* 

129.7/ 

tstimated Effect of Other Options on Cost Estimate lM11 ions of Dollars): 

•Delete Caroon adsorption Hroni Return water 
Treatment System         . - 4.10 

•implement iiine Disposal + 12.4U 
•Delete Hydraulic Dredging of Keach C - 2^.02 
•Delete uydraulic Dredying of Reaches t> ana C - 40.bJ 
•Dse Alternate Sector Routings to Keep Diversion Within 

RSA boundaries + b.22 

47 
REVISED APRIL 1984 

..-•—T..1.»!!*. 



be constructed.    HSB and  IC channel   seainients downstream from the 
containment  area would be hyaraulieally aredged.    Channel   sediments 
within the containment  area may be  hydraulically aredgea  under near-zero 
flow conditions,  or dragline  dredged   if the containment  area  is 
dewatered.    Critical  overbank  sediments would be dragline dredgeu,  and 
non-critical  overuank  sediments may or may not  be  areGgeo. 

Implementation Summary- 

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

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

3) Construct TDr-iüA. 

4) Secure  lease on return water treatment  system ana  set up at 
TIMM. 

b)    Clear ana grub critical   overoank  area, dredye those seainients 
with a drayline to a deptn of 3 feet,  and dispose ot   in TUMÜA. 

b)    Dredge hiti and  iC channels by one of  trie two following methoas: 
a)    Hydraulic  dredging  as  summarized  in  items (b)  tnrough (9)  of 
Section 4.9.2. 
0)    Dragline dredge HSB channel   sediments within the containment 
area (HSB Miles 4.U to b.6) to a aepth of 3 feet.    Dispose of 
sediments   in tne TOi'tüA.    Dredge sediments downstream from HSB 
Mile 4.u nydraulically as  summarized  in  items (5)  througn (9)  of 
Section 4.9.2. 

7) Dewater dreaged material   in TOwDA. 

8) Permanently dispose of UUTR-contaminated  seaiments by closing 
Tui'iÜM as  a landfill. 

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

Options Available with Alternative \L— 

1) Remove non-critical  overbank sediments to a oeptn of 3 feet. 

2) Delete carbon  adsorption from return water treatment  system. 

3) Remove oewatered sediments from TDMDA and dnpose of  in an 
abandoned mine. 

4) Delete dredging of Reach C  (IC). 

b)    Delete  dredging of Reaches B and C  (hSb Mile 2.4  to  IC 
Mile U.Ü). 
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Cost Summary—The cost summary for Alternative E is  in Table  lu. 

Impact Summary tor Alternative E--The environmental  impacts of 
witnin-basm   Jiversion  and of dredging and disposal  have been discussed 
in Sections 4.b.b and 4.3.6. 

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

<•.9.b    Alternative h:    within-basin Diversion and Containment of 
Contaminated Sediments 

hSb woulo be oiverted  around the nighly contaminated channel   between 
Miles 3.9 ano b.b.    A containment dike as  illustrated' in Figure 8 would 
be constructed    HSB and  IC channel  sediments downstream from the 
containment _area would  be hydrauHcälly dredged.    Channel  and critical 

—av^roank'sediments within the containment area would be covered witn 
compacted clay ana clean fill.    Non-critical  overbank sediments may or 
may not be covared.    An option  is given to construct  a disposal   area 
witnin the diversion/containment dike for sediments dredged downstream 
from hSB i-iile 3.9. 

Implementation Summary-- 

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

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

3) Clear and grub critical  overbank area,    kernove snags and debris 
from the MSB channel. 

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

b)    Establish vegetative cover on placed fill. 

b)    uredye contaminated sediments downstream from HSd Mile cA as 
summarized  in  items (1) through (11) of Section 4.9.2. 

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

Options Available With Alternative F-- 

1)    Use within-basin diversion containment area tor disposal  of 
dredyeo material. 
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Table li.    Cose Summary tor Alternative £  (As Detailed  in Table  .11-20) 

bredging fiettioci'xs) 
Uti1izeo 

Total tstimated Cost 
(Nil 1 ions or Dollars; 

Mil Hydraulic ureaging 

Oragline Dredging between 
HSb Miles 2.4 ana b.b, 
Remainder Hyuraulically 
üredgea 

90.67 

*1.43 

tstimatea fcffect of other Options on Cost tstimate (Millions of Dollars^ 

-Implement Noncritical Overoank Kenioval Option in Reach a  + 14.b7 
-Uelete Carbon Adsorption From Keturn Water 

Treatment System 
-Implement Mine Disposal 
(Including Disposal o+" Qverbank Sediments) 
-Delete hydraulic I'reuging of Keach 0 
-Delete riyaraulic bredging of Reacnes 6  and C 

- 4.1b 
+ lb.51 
+ 40.37 
- 2^.02 
- 40.6j 

bU 
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d)    Cover non-critical   dverbank  sediments 

3) Delete carbon adsorption from return water  treatment system 

4) kcmove dewatered sediments from TDfiuA and dispose of  in an 
abandoned mine 

b)    Delete dreayiny of Reach I (IC) 

b)    Delete aredging of Reaches b and C  (HSb Mile I A to  IC Mile U.U) 

Cost Nummary--Tue cost  summary for Alternative r   is  in Table 11. 

Impact Summary for alternative F---Tne environmental   impacts of 
witnin-basin aiversion  ana ot  containment have been aiscussea  in 
Sections 4.b.5 ana 4.b.<*. 

Witn regard to Cultural  Resources,  all  probable or potential   sites  in trie 
proximity of Hsu,   IC,  ana  the disposal   area would  be impacted by dredging 
or covering  associated with alternative F.     In  addition,  the within-basin 
diversion channel   and dikes will   impact one reported  site ana possibly 
other potential   sites. 

b.U    PHtUlCJtb EFFECTIVENESS OF MITIlirtTIOft ALTERNATIVES 

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

1)    Percent or mass of contamination contained  in-place 
d)    Percent or mass of contamination removed and disposed of 
3) Resiaual  contamination   left  in the system and the potential   for its 

mitigation  by natural   processes 
4) Degree of snort-term transport of DDTR downstream during 

imp lenient at ion 
5) The time required for DOTR levels  in  biota (particularly fisn) to 

reach  acceptably low  levels. 

The distinction  is made between  items 1)  and 2)  because there  is an 
inherent difference  in effectiveness  between the two.    Covering 
contaminated  sediments  in  place can be  assumed  to be  near 100 percent 
effective,  provided  proper   long-term maintenance  is  implemented. 
Removing and disposing of contaminated sediments   is subject  to the 
following shortcomings which preclude  its  being  100 percent  effective: 

o    Some degree of residual  contamination will   inevitably De  left 
behind 

o    Short-term transport of UUTK to  tne Tk will  occur to an undeter- 
mined extent during dredging , 

o    Tne potential   for  leakage or  spillage during remov.     operations. 
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Table lit.    cost Summary for Alternative F (AS Detailed in TaDle 111-23) 

Disposal option 
implementea 

Iota' fcstimatea Cost 
(toi]1 ions of Dollars) 

Use TUI'IDM 
-excluding overtiank covering option 
-including overuank covering option 

Use nitnin-Basin Diversion Containment 
Area for Disposal  nrea 

8b. 6c 

bb.3b 

Estimated tffect of other options on Cost Estimate (Millions of Dollars, 

-Delete Caroon ncsorption from Keturn water 
Tredtmerit System 

•Implement isine Disposal 
-uelett Hydraulic jr^oging ut  Keäcn C 
-Delete riyuraulic ureoying of Keacnes D ana C 
-Ubtdiri un-jite borrow .Material  for Construction ana 

Closure or Disposal bite Within tne containment Area 
(Suitability must be oetermined) 

- 4.16 

- 4U.b3 

5.09 
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'ftfe degree to whicn these occur can be minimized by careful monitoring 
and control  of the dreoying operation,    however,  since they will 
inevitably occur tö some extent, dredging ano removal  can be  assi 
somewhat  less effective than in-place containment. 

»umeo 

The effectiveness of any of the alternatives  is affected by residual 
contamination v/hich can result from  (1) areas of contamination where no 
direct mitigation  is  attempted  and  (2)  contamination remaining due to 
inefficiency  in  the mitigation technique  applied.    Ubviously  if a 
decision  is made not  to dredge the  lower reaches of   IC,  trie contamination 
left   in  this  area will  reduce the effectiveness of the  alternative. 

Item 4 pertains  strictly to dredging.     The degree to which downstream 
uUTt; transport occurs depends on the alternative selected  as well   as 
turbidity control   at the dredge head,    H within-basin diversion will 
eliminate UUTk transport  from the highly contaminated  area within the 
containment  dike, but will   affora no protection  outside the dike.    The 
out-of-basin  diversion  can  eliminate UUTk  transport  from  areas upstream 
or  Uodd koad  as  well   as  greatly reduce  it  below Liodd koad  and   in  IC. 

M comparison cf  effectiveness of  alternatives  (excluding any 
cunsiueration ot  biota contamination)  is given  in Table  11-54. 

Finally,  a key  factor  is the effectiveness of an alternative  in  reducing 
uuTk  levels  in  fish to below the 5 ppm FUM guideline.    Unfortunately, 
ttiis   is probably the most difficult measure of effectiveness  to predict 
with  accuracy,    (jn  the one hand one can state  that  removal   or  isolation 
of  a high  percentage ot  the UUTK in the HStf-IC system can,   in  the  long 
term, unly help the  situation.     Yet because of  the high potential   for 
siyrnfleant  fish contamination from even  low residual   levels of UUTK,  one 
cannot easily predict how quickly positive results can be  realized 
following a clean-up effort. 

Several   factors  should be considered  in  attempting  to j:;dge how long  it 
might  taKe  for UUTk  levels   in  fish  to be reduced  to below b ppm.    These 
include current  contamination  levels, method of contfraination, de- 
gradation of UUTk by natural  processes,  effectiveness of UUTk removal, 
and  rate  at which  fisti can excrete or break  down ÜÜTR.     In Appendix   II, 
Section b.J,  these  factors  are considered  in  some depth.    Channel   catfish 
in wheeler keservoir  downstream of   IC  appear   to  have UUTk concentrations 
on   the order or   1U ppm due  to very  low  level   contamination  of either or 
both  sediment   and water.     Near  IC OUTK levels   in channel   catfisn  are 
higher which may be due  to higner   localized  sediment or water UUTk 
concentrations   and/or  to migration of  fish   in  and  out  of   IC.     Neverthe- 
less,   it   appears  that  for  channel   catfish  bioconcentration of UUTR 
produces   fish concentrations   in excess of   5 ppm from extremely  low 
environmental  concentrations.    Hence,   it   is not  reasonable  tu expect 
channel   cattish UUTk  levels to drop below 5 ppm until   environmental   UUTk 
levels  are reduced below what currently exists  it   the Tk.     Presently this 
level   is  below what might  reasonably be expected  to   initially remain  in 
IC and HSb  after a mitigation  alternative was  completed.     Further,   these 
levels of UuTk  in  the Tk water  and  sediment  would still  be  present even 
it   a mitigation  alternative were completed,     hollowing  the completion  of 
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-   

any of the alternatives except natural restoration, it is assumed tnat 
the flow of JL-TK to the Tk would be significantly reducea. with little 
or no "fresh" DuTk entering the river, it coulo be expected tnat existing 
concentrations would go down. 

Unfortunately, no data exists regarding natural degradation rates for 
OUTK under conditions similar to those found in IC and TK. Data for 
breakdown rates in soils show figures ranging from less than one year to 
greater than 30 years depending on a number of conditions. Under the 
assumption that some mitigation action had essentially eliminated the 
movement of JUTk from IC to the Tk ano that natural breakdown in an 
aquatic environment might roughly parallel breakdown in tne soil, 
significant reductions in DUTR might occur in roughly 1-30 years. 

bince the uptake and reduction of DDTk in fish has been shown to occur in 
significantly shorter time spans than appear to be required for natural 
degradation of DDTk, it is assumed that the fisn are at or near equili- 
brium with respect to DDTk in the environment. Consequently, one would 
expect DDTk levels in fish to closely parallel reductions of DÜTk in the 
environment. 

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

No difference between the action alternatives can be detailed regarding 
how quickly DUTR levels in channel catfish in IC and HSB can be reduced. 

The natural restoration alternative is predicted to be ineffective in 
controlling UUTk contamination of the HSB-IC-Tk system. 
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3.3    VOLATILIZATION  FROM SOIL,   WATEK  AND  OTHER  SURFACES 

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

Potential   volatility of  the various OUT isomers  and degradation  products 
is related  to  their  vapor pressures  but  actual   volatilization rates  will 
depend on environmental  conditions arid all   factors  that modify the 
effective vapor pressure (Spencer,  1975).    Vapor  pressure or potential 
volatility  is greatly afrecteo by the  interactions with  soil.    Adsorption 
of ULT depends  upon  its concentration  in soil,  soil  water content  and 
soil  properties (Spencer,  1970).    Ouenzi   and bearo  (1970)  reported that 
the  initial  UuT volatilization rate was  inversely related  to  soil  organic 
matter content. 

The o,p'  and p,p'   isomers of DDT, ÜUL),  and DDE are generally only slight- 
ly soluble  in water (bowman et_ aj_.,  i960).    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 offset  by adsorption of DUTR to  soil   ano colloidal 
materials,    bailey and White (19b4 and  1970) and white  and Mortland 
(1970) observed  that soil  or colloid type, temperature.,  nature of trie 
cation on trie exchange sites and the nature of the OUT formulation  all 
directly  influence  adsorption. 

In water-DDT systems, water and UDT vaporized  independently of each other 
by diffusion (Hartley,  1969;  Hamaker,  1972;  Spencer et _al_.,  1973).    UDT 
exhibits a high  affinity for concentrating at the water-air  interface 
(bowman, et^ a_L,  19S9,  1964 and Acree et al.,  1963).     This enhanced 
volatilization was termed co-distil 1 ation~TAcree et al.,  1963). 

Losses by volatilization from soil will  oepeno on pesticide concentration 
and vapor density relationships at the soil  surface,    [buenzi  and Bearo 
(19/0) reported that the initial DDT volatilization ratj was  inversely 
related to  soil  organic matter content.]    Volatilization  rate decreases 
rapidly,  however,   as the concentration at the soil   surface drops and, 
thereafter, becomes dependent upon the rate of movement of the pesticide 
to the soil   surface (Spencer,  1970; Spencer and Cliath,  i973; Farmer 
e_t aK,  1972 and 1973).    Vapor pressure of pesticides at the soil  surface 
is a major factor   influencing  volatilization rate.    The vapor pressure of 
UUT  in  soil   increases greatly with  increased UUT concentration and  tem- 
perature but decreases substantially when the soil water content de- 
creases below one molecular  layer 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 OUT  in 
Gila silt  loam was 21 times greater at 7.b percent than  at 2.2 percent 
soi1 water content. 

Spencer and Cliath (1972) reported the relative vapor pressure and  vola- 
tility of OUTk (see Table 1-2). 
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Tdole 1-2. Saturation Vapor Densities and Apparent Vapor Pressures of OUT 
and Kelated Compounds at 30"C 

Cnemical 
Vapor uensity 

(ng/L) 
Vapor Pressure* 
(mm hg x 10"') 

p,p'-UUT 
o.p'-OUT 
p.p'-UUE 
p.p'-uLiÜ 
o.p'-UUE 
O,p'-b0U 

13.6 
104 
109 
17,2 

(104)2 
(31.9)3 

7.2b 
5b.3 
64.9 
10.2 

(61.6)^ 
(18.9)3 

^Calculated from vapor density, w/v, with tne equation: P = w/v • RT/M. 

^Atmosphere probably not saturated with o,p'-DUE. OOt in sand column was 
mainly p.p'-UUL. 

^Atmosphere probably not saturated with o,p'=000. The sand column was 
prepared with p.p'-OOu, which contained sufficient o.p'-OUU as an impurity 
to produce this vapor density. 

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

TaDle 1-4 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  UÜT to Gila silt   loam. 

Little  information  is  available regarding volatilization from plant 
surfaces.    Une would  assume vapor  percentages would  be similar  to those 
presented  in Table  1-4 until  only p,p'-ÜL)T remained. 

Actual  estimates of volatilization from soils have rarely been made 
utilizing field conditions.    Spencer (1975) did estimate a rate of 5 to 
lU kg/ha/year  for surface residues of DDT 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 stuay by Ware et aj_.   (1977) measured ÜüTrt loss  from joil  by volatiliza- 
tion over a one year  period  from a desert plot  and over 7b uays  from a 
cultivated cotton  field.     The oesert  area  lost 81) percent over 12 montns 
while  the   irrigated,  cultivated cotton plot  only  lost 20 percent during 
tue 7o day period.    These estimates  are  indicative of  the  range of  loss 
rates under a variety of  field conditions. 

3.4 PERSISTENCE   IN SUIL 

A number of investigators nave estimated the persistence of LiuT in soils 
(see Table 1-5 tor a compilation). These estimates range from less than 
a year to some 30 years.  It is difficult to predict degradation rates 
since many factors influence persistence. These factors include soil 
type, organic matter content (Liechtenstein and Schulz, 1959; 
Liechtenstein et_ aj_., 196U; Bowman et_ al., 1965) moisture level, pH, 
temperature, cultivation, mode of application and soil organisms 
(Lichtenstein, 1965). 

3.5 WATEK  SOLUBILITY 

The solubility of OUT in water is reported to 1.2 parts per oil lion 
(ppb)(Bown,an et_ aj_., i960; Harris, 1970). Günther et a]_.   (1968)  noted, 
however, that natural waters contain salts, colloidäT materials and 
suspended particulate matter which may increase the apparent solubility 
of OUT. 

4.0 OUT UEGRAUATION IN THE ENVIRONMENT 

In order to describe the degradation of DUT in the environment, the 
suoject will be oroken down into several subsections for review. An 
overall metabolic pathway is shown in Figure 1-2 in an .effort to describe 
the picture concisely. 

1-7 
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Taole 1-3. Vapor Composition in Association with Technical DüT at 30*0 

Vapor Density Co nc. in Tech 
OUT {%) Chemical ng/L % of Total 

p.p'-ÜDT 
o.p'-DDT 
p.p'-UUt 
o.p'-UUt 

TOTAL 

13.6 
1Ü4 
2-4.1 
Ü6.9 

168.6 

Ö.Ü 
61.7 
14.5 
16.ü 

74.6 
21.1 
0.81 
0.07 

oource: bpencer and Cliath, 1972. 
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Table 1-4. Vapor Uensity of p.p'-UUT, o.p'-uuT, p,p'-UUE, and o.p'-UUt 
as Kelated to Concentration of Techniral OUT in bi la Silt 
Loan at 7.b Percent Water Content and 30"C 

Teen. 
UUT1 Vapo"- Uensity ( ng/L) Vapor Uensity 

P,P'- o.P'- 

[%  of Total) 
Cone. P.P'- o,p'-  p,p' o,p' P.P'- o,p'- 
(mg.'g) UuT UuT    JUt UuE Total OUT  uur UUE   UUt 

2.5 1.11 1.1b   0.43 ... 2.70 41.1  43.0 15.9 
b 2.65 2.22   U.60 — 5.47 48.4  40.6 11.0  --- 
10 b.07 5.26   1.08 — 12.41 48.9  42.4 8.7  — 
20 13.% 11.92   2.94 0.45 29.26 47.8  40.7. 10    1.5 
40 12.11 21.40   3.03 0.7U ?7.24 32.5  57.5 8.1  1.9 
60 13.37 J2.74   3.42 0.97 50.50 26.5  64.8 6.8  1.9 

120 13.62 67.0    5.41 1.64 87.67 15.5  7b.4 6.2  1.9 

technical ÜUT containing 74.6 percent p.p'-UUT, 21.1 percent o.p'-OUT, 
U.81 percent p,p'-UÜL and 0.07 percent o,p'-UUt. 

Source: Spencer and Cliath. 1972. 
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Table I-'J. Estimates of Halt Lives and/or Disappearance Rates from Soil 

Estimate keterence 

lb years Kiiyemayi and Terriere (ly/i:) 
lu% reniainea after lb years Licntenstein et al. (Iy7i) 
U.y years   pn=<+    laboratory conoitions 
11.J years  pri=b.b        JUT + UuE Eksteot (iy7b/76) 
3-lU years Nenzie (1972) 
iU years Yule (iy7J) 
k:-15 years Hart in (19bb) 
2-4 years toetcalf and Hitts (1969) 
39* remained after 17 years Nasn and wool son (I9b7) 
4-jU years (mean ot IU years) to tdwaras (196b) 

eliminate 9b*> cf applied 
3D year  persistence Üimond et^ a]_. (i97U) 
<1 year for surface deposits 
1U+ years if incorporatea 6-ü" into soil Freed (197u) 
lb years Chisholm and MacHhee (1972) 
7 hours (anaerobic se'<aye sluoge) Jensen et al. (1972) 
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4.1 DtGKAÜATlUN IN SOILS UNuEk AEROBIC CONDITIONS 

Commercial UüT consists of a mixture of about 84 percent p.p'-UUT ana 
lb percent o,p'-UUT (Lichtenstein et a).,   19/1).  The major part of the 
following discussion will be in retjdru to the p,p'-uuT. 

Many investigators have reported the degradation of OUT in a variety of 
soils and/or pceudo soils.  p,p'-UUT is readily aehyorochlorinateu to 
give the major decomposition product, p,p'-UUE 

Other degradation products have also been reported. .UUU (Kiigemagi and 
Terriere, 197^; Frank et al_., 1974a), übP (Kiigemagi and Terriere, 1972;) 
and dicofol (LichtensteTh et a!., 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_., 197i) were measured. Trie work of 
Kiigemagi and Terriere (19/2), however, revealed relatively high levels 
of üüü and dicofol. Although dicofol per se hao been applied, these 
authors suggested its presence might have been partially as a result of 
UüT oegradation in orchara soils. 

Other reports (Smith and Parr, 1972; Ouenzi and Beard, 1976) have dis- 
cussed the effects of temperature, soil water and ph on uuT stability. 
Ouenzi and beard (I97t>) reported that DÜT degraded to DUE at increased 
rates at higher temperatures. When UUT was mixed with Kaber 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        %  UÜT %  DDE 

6.7 
12.5 
21.6 
34.8 

No other UUT related chemicals were detected. By comparing these aata to 
data generated using sterilized soil, it was reported that this conver- 
sion to UUt was predominantly a chemical process (84 percent at 30" and 
91 percent at 60") rather than a biological process, kates of UUE form- 
ation in sterile soil containing 1/3 bar moisture were much higher than 
in air dry soi1. 

Smith and Darr (1972) reported that DUT was stable in soil treated with 
anhydrous ammonia (pri >lu). They further inaicated that the threshold ph 
for dehydrochlorination of UUT to UUE in a model system using nncrobeads 
was 12.b with extensive conversion at U.U. 

tkstedt (l97b/76) reported a higner retention of UUT and UUE in soils of 
pH 6.0-6.6 than in soils of lower pH (3.6-6.3). The higher pH soils 

30 82.1 
40 74.5 
SO 53.2 
60 38.3 
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averaged 5*4 percent  of  the  original   DliT applied  17 wee*s 
compared  to 79 percent DuT in tne more  acidic  soils.    Ti- 

cs  after  addition, 
The more  acidic 

soil  possessed  less Out. as well,    boil   type Gid not  appear  to  influence 
these  results. 

Johnsen  (197ü) hat  reviewed  tne  suDject   in depth ano  the  reader  is 
referred  to  this  article for furtner details. 

4.2    UEüKAUATIüN   IN  bOlLS  UNUEK  ANHEKOSIC  CühüITiOnS 

The degradation of L)üT unoer anaerooic conditions  is wei1-documented. 
Prior to work  in  soil   systems  a number of reports  appearing  in the  late 
lyoü's  (cited by Parr et al.,  197u)   indicated a more  rapid  degradation  of 
OUT in  anaerobic microbial-systems than  in  aerobic  systems. 

Parr et  al.   (ly70)   incuoateo DuT in glucose-fortified, moist  (A/3 bar) 
Crowley silt   loam and Arch   loamy fine  sano  eitner  aerooically  in 
CU^-free  air  or  anaerobical1>  in Ar,   N^,   ana No+CO?  (8Ö:2ü).     uüT 
degradation  followed  the  order Ar > h-j, > IVACU^  (b0:2o)   > 
CU^-free  air.    Trie major  product of degradation was DDL) ano  to  a lesser 
extent DUE.    While flooding of tne Crowley soil   proviGeo an  anaerobic 
environment   it only  led  to 41 percent DuT degradation wmle moist  soil 
incubated   in U-, or Ar resulted  in 9d percent  degradation.    Tnese 
authors  also cautioned against  using  laboratory aata as a predictor  of 
field degradation. 

burge (1971)  demonstrated that glucose or ground  alfalfa  added to soil 
accelerated the anaerobic disappearance of DuT.    This  investigation 
reported  further  that addition of  a steam distillate  from alfalfa will 
also   increase anaerobic üüT disappearance.    When volatile components  of 
the  steam distillate were compared witn glucose,  tne following order of 
effectiveness was found:     acetaldenyae =  lsobutyraiaenyce  > etnanol   > 
glucose >> metnanol.    The  anaerobic  disappearance of DuT  was  innibiteo  by 
autoclaving  tne soil  out could  be re-estabiisneo by  innoculating the 
autoclaveo  soil  witn  viable  soil.    UüT was converted  to üüJ although 
considerable UuT disappeared  from the  system ano could not  be  accounted 
for.    burqe (1971)  indicated tnat neitner Duü nor DUE were  lost from nis 
experimental   system and thus DDT must  be disappearing by some  other 
mecnanism. 

Castro  and  Yoshida (19/1)  reported  the degradation  of DOT  in Philippine 
soils.     They compared aerobic  and  anaerobic conditions  in  several   soil 
types.    Botri UuT and UÜÜ were degraded much more rapidly unuer flooded 
(anaerobic) conditions than under aerobic conditions  ano  in  soiis with 
nigh organic matter content.    UDD accumulated  in  flooded  soils  and  no 
other UUT related components were detected.    The autnors  stated tnat UuO 
was more stable  tnan DuT under  tnese conditions  but  that  after b months, 
even  the UUU residue had declined substantially.    Castro and Yosniaa 
(1971)  pointed out,  after comparing  sterilized  and  non-*steri 1 ized  soils 
that   losses  through  volatilization are small  when compared  to  losses 
through microoial  degradation. 
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Smith and Parr (19/2) described the chemical stability of UuU under 
selected alkaline conditions. UUU remained stable for extendeü periods 
ot time at ph=10 out it was rapidly converted to ÜUM at pH=l3 and then 
disappeared with time. 

Parr and Smith (1974) reported the relatively slow degradation of UUT 
under moist anaerobic and flooded anaeroDic conditions in an hverglades 
mucK soil amended with alfalfa meal. UUT degradation was increased in 
the flooded anaerobic environment subjected to continuous stirring. The 
authors suggested tnat the lacK of substantial degradation might be the 
result of: (i) the adsorption of UU1 so that it was unavailable for 
microbidl or chemical degradation; and/or (2) tne lacK of organisms 
capable ot degrading UUT. 

Castro and Yoshida (1974) reported that both organic matter and the 
nature ot its constituents influence the anaerobic biodegradation of UuT 
to UUU. They demonstrated 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 ano not in all. 

buenzi and Beard (l97ba) incubated Raber silt loam contaminated with 
10 ppm UUY unoer anaerobic conditions at various temperatures. Kesults 
after 7 days of incubation are summarized below: 

Temp.      % UUT      % UDU      %  UUt 

30 80.U 12.34 0.8 
4U b3.b 19.5 2.1 
5U 44.2 38.8 3.4 
6U 9.8 43.6 4.1 

The anaerobic degradation pathway was DUT   ÜUU   UUMU. Only minor 
amounts of UUt were formed and they remained stable throughout the 
study. 

4.3 UttikAU«TlUN  BY  SEWAbE  SLUDbE 

In late 1972 a previously unreported metabolite of DUT was reported by 
tuo research groups (Albone et^jjK» 1972a; Jensen et _al_., 1972). Both 
groups incubated OUT in biologically active anaeroFfc sewage sludge.  In 
addition to detpcting ODD, UBP, UUMU, the formation of ÜULN was con- 
firmed. Neither group could speculate on whether the mechanism ot 
formation was chemical or biological. 

4.4 UEGKHUrtTIUN IN StDlMtNTS 

Albone et _a_L (19/2) evaluated the fate of OUT in Severn River Estuary 
sediments.  In situ sediments having a temperature range of b-2b*C caused 
less UUT degradation than did incubating the same sediment under water in 
the laboratory at 25"C. The same degradation products, mainly Übü%  were 
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detected  in both  systems.    These  authors  reported evidence that  another 
metabolite, OUA, was present but were unable to confirm its presence. 

4.5 UEGRMIMTIüU üY SPECIFIC MICROBIAL POPULATIONS 

The metabolism of OUT by microorganisms has  been  investigated by a number 
of  r searchers.    Patil  et a_L,  (1970)  reported  that 20microbial  cultures 
whicti had  been  shown  to" degrade dieldrin were  also  able  to degrade OUT. 
These organisms were  incubated   in  stationary test tubes  at 30'C for 3u 
days.    Ten of  the bacterial   isolates degraded UUT to a dicofol-like 
compound;   14 of  the  isolates  degraded DOT to DIM ano  possibly other 
acidic materials.    None of the cultures produced DUE.    Perhaps even more 
surprising was  the  formation of üUu by 17 of trie  isolates  all  under 
aerobic conditions. 

Pfaender  and Alexander  (1972) examined  the ability of extracts of 
Hydroyenomonas sp.  cells  to degrade DDT.    Cell-free extracts (5 nig 
protein/ml) were  incubated  in 30 ml   of 0.1 M phosphate buffer at pH 7.0 
for 4 days at 30°C under a nitrogen  atmosphere.  DDT was converted  to DDD, 
UUMS, UbP,  and  UuE under  these  anaerobic  conditions.    p-Chlorophenyl- 
acetic  aciu was   isolated  after  adding whole cells  and  oxygen; this result 
indicated phenyl  ring cleavage.    These authors  also demonstrated  that  a 
strain of arthrobacter could  grow on p-chlorophenylacetic  acid converting 
it  to p-ch1oropnenylglycoa1dehyde.    These studies reveal   the possible 
extensive degradation of UuT under the proper conditions. 

4.6 OEGRAUATION  BY  FUNGI 

The degradation of DOT by fungi has been reported (Anderson et _al_., 19/0; 
Focht, ly72). Anderson et. _a_L U970) isolated several fungi from an 
agricultural loam so?) and  found  that hucor alternans  partially degraded 
UuT in a period of two to four days. Shake culture- of M. alternans 
degraded DuT into three hexane-soluble and two water-soluble metabolites, 
none ot  which were identified at the time. These compounds were not UuD, 
UUE, UUM, DBP, of dicofol, or DUMS. Attempts to demonstrate this DDT 
degrading capacity in field soils, however, were fruitless. 

Focht (1972) described the isolation of a fungus capable of degrading UDT 
metabolites to CO^, water and chloride. The isolate was a hyaline 
rioniliceae fungus. Incubation of this organism with OOm resulted in 
growth of the fungus and the oreakdown of ÜDM to CO?, HoO, and HCl. 
It was pointed out that the complete degradation of DUT occurred only 
under nearly optimal conditions. 

4.7 DEGRADATION BY ALGAE 

DÜT degradation by algae has been studied in both marine (Keil and 
Priester, ly69; Patil et al_., 1972; Bowes, 1972; kice and Sikka, 1973) 
and fresh water forms jMoore and Dorwaro, 1968; Miyazaki and 
Thorsteinson, 1972; Neudorf and Khan, 1975). 
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orders of magnitude and ranges. For example, Lake Michigan was reported 
to contain 1-5 ppt uuT in the water which resulted in predaceous cono 
salmon accumulating UUT levels of 5 to 10 ppm (Keinert, 1970). Factors 
affecting rates and extent of biomagnificat ion 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 afreet 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 a±., (197b), Bedford and Zabik (1973) and hacek andTorn (1970). nn 
extensive listing of bioconcentration factors taken from EPM'S "amoient 
hater Quality Criteria" for UUT may be found in Table 1-6. 

Sodergren and Svensson (1973) evaluated the kinetics pf uptake of UuT and 
degradation in nymphs of the mayfly Ephemera danica. Using a continuous 
flow system for UUT exposure, a maximum and constant UUT level in tne 
nympns was reached after 4 to 5 days exposure. This indicates that an 
equilibrium oetween uptake ana excretion had been established. The mag- 
nification factor (ratio of DuT concentration in organisms to UUT con- 
centration in water) from 4 to 9 days exposure was on the order of 
3xlu3 for UUT + üUE + UUu, and the kinetics of uptake appeared to fit a 
first order rate equation. UUE was the major UuT metabolite found in 
most of the organisms. 

Biomagnification and degradation of ÜUT in fresnwater invertebrates was 
studied by Johnson et_ aj. (1971), also using a continuous flow apparatus. 
Table 1-7 shows the organisms studied and the biomagnification factor 
after 1, 2, and 3 days exposure to approximately 100 ppt UDT in the 
water. Rate of uptake was very  rapid with tne Cladoceran, Uaphnia magna, 
and the mosquito larvae, Culex pipiens, exhibiting the greatest degree of 
biomagnification and having residue levels over 100,000 times that 
present in the water. No maximum accumulation level was reported in any 
species. Again trie major OUT metabolite was UUE (see Table 1-8) and in 
the mayfly nymph, Hexagenia bilineata, 85 percent of the residue was 
UUE. 

Yadav et_ a_L (1978) reported the uptake, degradation and excretion of OUT 
in the fresnwater snail, VWipara hel iciformis. Aquaria maintained under 
static conditions were used to expose snails to three UUT concentrations, 
0.00b, u.Ol and 0.05 ppm resulting in biomagnification factors of 300, 
325 and 7t>, respectively. DUE and UuU were the major metabolites, with 
sligntly higher levels of Uut than UUU in the 0.005 ppm treated snails, 
while UuU was the major metabolite in the 0.01 and 0.05 ppm treated 
snails. Snails from the 0.0b ppm aquaria excreted 94 percent of the 
accumulated UUT in 9 days when transferred to "clean" water. It should 
be noted here that UUT concentrations exceeded 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 oe exposed to UUT the conditions are  not the same as they 
would be if UuT were in solution. 

• 
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Table 1-6. Bioconcentration Factors for OUT and Metabolites 

Urganism 
Bioconcentration 

Factor 
Time 

(days) Keference 

Coontail, 
Ceratophyllum demersum 

1,950 30 Eberhardt, et al. 1971 

Cladophora, 
Cladophora,  sp. 

21,580 30 Eberharot, et al. 1971 

Duckweed, 
Lemna minor 

1,210 

1,870 

30 

3U 

Eberharot, 

Eberhardt, 

et jri. 

et al. 

1971 

Water milfoil, 
Myriophyllum sp. 

1971 

Curly leaf pondweed, 
Potamogeton cripus 

14,280 30 Eberhardt, et al. 1971 

Narrow-leaf pondweed, 
Potamogeton foliosus 

781 30 Eberharat, et al. 1971 

Sago pondweed, 
Potamogeton pectinatus 

b,360 30 Eberhardt, et al_. 1971 

Soft stem bulrusn, 
Scitpus validus 

495 30 Eberhardt, et a[. 1971 

Bur reed, 
Sparganium eurycarpum 

62 a 30 Eberhardt, et al. 1971 

Bladderwort, 
Otricularia vulgaris 

2,200 

2,400 

30 

21 

Eberhardt, et al. 

Bedford and Z?bik 

1971 

Mussel, 
Anodonta grandis 

,  197 

Clams (five species compos ite),    12,500 56 Jarvmen, et al. 1977 

Lampsilis siliquoidea 
Lampsilis ventricosa 
Lamsmigona costata 
Kusconaia flava 
Liguniia recta 

Cladoceran, 
Üapnnia niagna 

Zooplankton (mixed), 
Dapnnia sp. 
Kerate.la sp. 

9,923* 

63,500 

14 

21 

Priester, 196b 

Hamelink and Waybrant, 
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Table I-ö. Bioconcentration Factors for UuT and Metabolites (Continued, page 2) 

Urganisrn 
bioconcentration   Time 

Factor      (days) Reference 

Freshwater prawn, 
Palaemonetes paludosus 

7.ÜUU field Kolipinski  et al.  1971 

Crayfish, 
Urconectes punctata 

5,060 30 tberhardt, et al.  1971 

, 

Crayfish, 
Hrocambarus alleni 

1,947 field Kolipinski, et al_. 1971 

Mayf1y (nymph), 
Lphemera danica 

4,07b 5 Sodergren and bvensson, 
1973 

Dragonfly (nymph), 
Tetragoneuria sp. 

2.7UU 2u tailkes and weiss, 1971 

Bloodworm, 
Tendipes sp. 

4,750 30 Eberhardt, et jri. 1971 

ked Leech, 
Lrpobdella punctata 

7,620 3U tberhardt, et aj_. 1971 

Alewite, 
Alosa pseudoharengus 

1,296,bbb field keinert, 197U 

Lake nerring, 
Coregonus artedi 

2,23b,6b6 field keinert, 19/0 

Lake whitefish 
Coregonus clupeaformis 

26U.0ÜÜ field keinert, 19'0 

Bloater, 
Coregonus hoyi 

2.870.0U0 field Reinert, 1970 

Kiyi 
Coregonus kiyi 

4,426,6oo field keinert, 19/0 

Cisco, 
Coregonus sp. 

368,777 field Miles and Harris, 1973 

Coho salmon, 
Uncorhynchus kisutch 

i,503,571 field Lake Michigan Interstate 
Pestle. Comm. 1972 

Kainbow trout, 
Salmo qaironeri 1976 

181.U0Ü 108 Hamelink and Waybrant, 
1976 

kainbow trout, 
Salmo gairdneri 

11,607 field Miles and Harris, 1973 
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Table I-b. bioconcentration Factors for DOT ana Metabolites (Continued, page 3) 

i 

Urganism 

Kainbow trout, 
Salmo gairdneri 

38,642 

Brown trout, 
Salnio trutta 

4b,357 

Lake Trout, 
Salvelinus namaycush 

4b8,259 

Lake trout, 
Salvelinus namaycush 

l,lb8,333 

Lake trout, 
Salvelinus namaycush 

47,428 

American smelt, 
Usmerus niordax 

70,UU0 

Carp, 
Cyprinus carpi ) 

640,000 

Common shiner (composite) 
Notropis cornutus 
northern redbeTTy dace, 
Chrosomus eos 

363,0U0 

Fatneao minnow, 
Pimephales promelas 

99,000 

White sucker, 
Catostomus commersoni 

nu.üOü 

White sucker, 
Catostomus commersoni 

%,6bb 

Trout-perch, 
Percopsis omiscomaycus 

313,333 

Flagfish, 
Jordanella floridiae 

I4,b2b 

Mosquitofisn 
Gambusia affinis 

21,411 

Rock bass, 
«udloplites rujestris 

17,500 

Green sunfish, 
Lepomis cyanellus 

17,büü 

bioconcentration   Time 
Factor      (days) 

84 

152 

4U 

226 

Reference 

keinert and Bergman, 1974 

field    Miles and Harris, 1973 

field    Miles and Harris, 1973 

fiela    Keinert, 1970 

keinert and Stone, 1974 

field    Keinert, 19/0 

field    keinert, 1970 

Hamelink, et al. 1971 

Jarvinen, et al. 1977 

1-21 

field    Miles and Harris, 1973 

field    keinert, 197u 

field    keinert, 1970 

field    Kolipinski, et al_. 1971 

field    Kolipinski, et al.. 1971 

field    Miles and Harris, 1973 

15      Sanborn, et aK 1975 
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Hummon (1974) studied the effects of OUT toxicity on reproductive rate  in 
the freshwater micrometazoan, Lepidodermella squamniata using static con- 
ditions.    They found the reproductive lethality (KLC) at 9b hours  for OUT 
to be 3 ppm.    This  indicates that 5U percent of the organisms  ceasea  to 
reproduce when exposed  to 3 ppm UUT for 96 hours.    Ninety-five percent 
kLC occurred at 9 ppm (96 hours).    LCbU at 96 hours was 5 ppm uuT and the 
LC9b at 96 hours  was 12 ppm OUT. 

Rawash et _al_.   (1975)  and Maki  and Johnson  (19/6)  both reported  on  the 
toxicity or UUT Ko the microcrustacean,  Daphnia magna Straus.    Haki   and 
Johnson  (ly7b) determined the LCbU for UUT after" 14 days  to be U.b7 ppb, 
while 50 percent  inhibition of reproduction occurred  at U.5 ppb.     In 
contrast,  kawash e_t al.   (197b) reported LC5U values of 6.5 ppb after 24 
nours of exposure.    TFTe difference can  be explained by the  length of the 
toxicity assay and/or experimental   conditions. 

Sanders  and Cope (i%8)  determined  the toxicities of UUT ano  several 
other  insecticides to three  species of   stonefly nymphs,  Pteronarcys 
californica, Pteronarcella badia ano Claassenia sabulosa~    UUT was the 
least  toxic  cf the chlorinated hydrocarbons  testecT     The LCbU's  for the 
three species of stonefly nymphs were 7 ppb,  1.9 ppo and 3.S ppb, 
respectively.    They also otserved that UUT was b to  10 times more toxic 
to smaller nymphs than  larger ones. 

Fredsen (1972)  studied  the  toxicity of  technical   and  formulated UUT and 
OUU (TUE)  in  river dwelling  larvae of tnree rheophilic species of 
Trichoptera, Hydropsyche morosa Hagen, H.  recurvata Banks,  Brachycentrus 
lateralos (Say)^    Tables 1-11,  1-12,  and 1-13 list spec^ic LC50 values 
associated with specific  temperatures, metabolites  and  formulations, 
benerally,  tecnnical  UUT was more toxic than formulated OUT.    The LCSU's 
increased  as  the  size of the  larvae  increased;  UDT was  also more toxic  at 
lU'C tnan 2U*C. 

Rawasn et al.   (197b) determined the LC5U for the  fourth  instar mosquito 
larvae,  CuTex pi pi ens L.  The LC50 was obtained from a standard  toxicity 
curve covering the range of concentration from 0.0b ppm to 2.5 ppm.     The 
point  at which bO percent mortality occurred was  approximately 0.36 ppm. 

MlDaugh  (1972)  determined the effect of   insecticide pre-exposure on OUT 
toxicity to the crayfish Procambarus acutus  (üirard).    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 UUT,  toxaphene,  and metnyl  parathion.    The pre-exposed crayfish were 
mor-1 resistant to UUT than the non-exposed crayfisn with LC50's at 

^4ü hours of  7.2 ppb and 3 ppb,  respectively. 

b.3    AQUATIC VEKTtBRATES 

Post and Schroeder  (1971)  studied the toxicity of OUT  fn four species of 
salmonios:    brook  trout (Salvelinus fontinalis),  rainbow trout (Salmo 
gaironerii), cutthroat  trout  (Salmo clarki)  and coho salmon (Uncorhynchus 
kisutch).     Toxicity  limits  (TLh)  from 24 to 96 hours  exposure were 

1-46 _ 
REVISED APRIL |984 

I 



Table I-il. Approximate Lethal Concentrations (ppm) of DuT for Trichoptera 
Larvae (Hydropsyche morosa Hagen and H.  recurvata Banks) in 
Water Circulated by Compressed Air at~~ll~t and 21"C. Montreal, 
5 to 31 August, 1965 

Temp. Exposure 
OUT 

Species (-C) (hr) ^ LC5U LC90 

H. morosa 11 3j 
6* .... _-_. 

6? .... _--. 

21 3 0..09 0.40 
bl 0.0b 0.20 
^ 0.05 0.10 

n. recurvata 11 3} 0.09 Ü.3U 
6l 0.03 0.09 6? 0.02 0.03 

21 3J 0.40 0.40 
6o 0.0b 0.2U 
62 0.04 0.0b 

^These uata were calculated from counts of larvae made immediately after 3- 
and 6-hour exposures to test solutions. 

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

Source: Kredeen, 1972. 
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Table 1-15.   utter Freshwater Toxicity üata for ULJT and hietabolites 

Organ isin 
Test 

Uurat ion Effect 
Result 
(ug/1) Reference 

Cladoceran, 14 days LC50 U.67 Maki and Johnson, B75 
Uapnnia magna 

Cladoceran, 
Uapnnia magna 

14 days 5C* irnibition of to- 
tal young produced 

G.5U Maki ana Johnson, 1975 

Scud, 
banmarus fasciatus 

1<D hours LC50 0.6 zanders, 1972 

blass shriiip, 
Palaenonetes kadiakensis 

Jb hours LC5Ü 4.5 Kerguson, et aL 1965b 

blass shriup, 
Palaartmetes kadiakensis 

I'd) hours LC5U 1.3 Sanders, 1972 

itonefly (naiad), 
/croneuria pacifica 

3U days LC50 72 Jensen and baufin, 19b4 

Stonefly (naiad), 
Pteronarcys California 

JO days LU50 265 Jensen and baufin, I9b4 

Planarium, 
Folycelis felina 

<i4 days Asexual fission 
inhibition 

25Ü touyoumjian and Uglow, 
1974 

Coho salmon, 
ucorhynchus kisutcn 

— Reduced fry survival 1.09 rng/kg 
in eggs 

Johnson arc Pecor, 1%9 

Coho salmon (juvenile), 
Cncorhynchus kisutcn 

7 days Increased cough 
frequency 

5 Schaunburg, 1967 

Coho saloon, 
Ohcorhynchus kisutcn 

12) days Estimated median sur- 
vival time--lßO days 

1.27 mg/kc; 
in food 

BuMer and Shanks, 1972 

Cuttnroat trout, 
Salmo clarki 

— Reduced sac fry 
survival 

Xj.4 mg/kg 
in eggs 

Cuerrier, et ah 19b7 

Rainbow truut, 
Sdlmo gairdneri 

24 hours uncontrolled reflex 
reaction 

100 Peters and Weber, 1977 

Kainbow trout, 
Salmo gaironeri 

5 hours Cough response 
thresnold 

52-140 Lunn, et ah 197b 
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Table 1-15.   Utter Freshwater Toxicity Data for ÜÜT and Metabolites (Continue.;, page 2) 

Organism 
Test 

Du^tion Effect 
Result 
lug/1) Reference 

Rainbow trout, 
Salmo gaircineri 

— Ke^uceo sac fry 
survival 

XJ.4 mg/kg 
in eggs 

Cterrier, et__aL 1967 

Mt 1 antic salmon 
(gastrulae), 
ba Imo salar 

30 aays Retarded oehavioral 

development and impaired 
balance of alevins 

50 Kill and Saunders, 1974 

Atlantic salmon, 
:>almo salar 

24 hours Alterec temperature 
selection 

5 Ogilvie and Anderson, 
1965 

Atlantic salinon, 
balmo salar 

24 hours Altered tenperature 
selection for 1 no. 

50 Ogilvie and Miller, 1976 

Atlantic salmon, 
Salmo salar 

24 hours Altered temperature 
selection 

10 Peterson, 1973 

to-ook trout, 
Salvelinus fontinalis 

24 hojrs Lateral line nerve 
hypersensitivity 

100 Anderson, I960 

brook trout, 
Salvelinus fontinalis 

24 hours Visual conditioned 
avoidance irnibition 

20 Anderson ard Peterson, 
1969 

ivook trout, 
balvelinus fontinalis 

—- Reduced sac fry 
survival 

XJ.4 mg/kg 
in eggs 

Uuerrier, et al_., 1967 

brook trout, 
balvelwns fontinalis 

24 hours Altered temperature 
selection 

20 banner, 1973 

Brook trout, 
Salvelmus fontindlis 

156 cays Sligrit reduction in 
sac fry survival 

2 mg/kg 
in food 

Macek, 19O8 

brooK trout, 
balvolinus fontinalis 

^4 hours Altered ten^jerature 
selection 

10 Miller and Ogilvie, 1976 

brook trout, 
Saivf'linus fontinalis 

24 hours Altered temperature 
selection 

100 Peterson, 1973 

Lake trout (fry), 
Salvelinus namaycusn 

— Redu^.-a survival 2.9 mg/kg 
in fry 

burdick, et a}_. lyfo 

Golniisn, 
Carssiu* auratus 

2.5 hours Loss of balance and 
decreased spontaneous 
electrical activity of 
the oereoel'iur, 

1,000 Aubin and Johnsen, 1969 
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thinner shells than controls, when UUE treatment was discontinued, the 
treated birds laid eggs which were still thinner than controls. After 
11 months, treated birds laid eggs witn shells averaging 7.4 percent 
thinner than controls. 

kesults ot similar feeding studies in screech owls (NcLane and hall, 
197^) were comparable. After two breeding seasons with diets containing 
1U ppm ul)E, treated birds laid egys with shells that were 13 percent 
thinner tfan untreated birds. Longcore et al. (1971a) also reported on 
the effect of UUt on the eggshell composition, olack ducks were fed 
diets containing lu ppm and 30 ppm UUt and mallaros were fee diets 
with 1, b, and 10 ppm UUE. Eggshells had increases in the percentages of 
magnesium, sodium, copper and, decreases in Darium, strontium and 
calcium. 

Thin eggshells contribute to cracking and reduced reproductive success, 
but other effects are  also noted when UDT is present in the diets of 
birds. Porter and Wiemeyer (196y) fed captive sparrow hawks a diet con- 
taining dieldrin and UUT. The major effects on reproduction were in- 
creased egg disappearance (by breakage and eating of the young by 
parents), increased egg destruction by tne parents, ano reduced eggshell 
thickness (8-10 percent thinner). Similarly, the feeding of DUE to 
mallards at levels of 1U ppm and 4U ppm resulted in eggshell thinning 
(13 percent) and cracking (25 percent) as well as .narked increases in 
mortality (3b percent} (Heath et_ _al_. 1969). UUU and UUT also impaired 
reproduction, but less severely than UuE. 

Quail fed diets of UuT produced fewer eggs and eggs with thinner  shells 
(btickel and Rhodes, 1970). Hatchabi1ity, however, was not significantly 
altered. 

In field tests, UuT was applied in oil at 2  los/acre over a four-year 
interval on bottomland forest (Kobbins et a'i . 19bl). by the fifth 
spring, there was a 26 percent decrease in""bVeeding biru populations. 
Over the four year  period, the American redstart, parula warbler ano red- 
eyed vireo suffered decreases of 44 percent, 4u percent, and 28 percent, 
respectively. 

ballinacious species seem to be most resistant to most environmental pol- 
lutants and raptor species the most susceptible (looke, 1973).  In North 
America and Britain shell thinning is directly associated with population 
decreases of raptor species. 

In .-1 classic paper, Anderson and Hickey (1972) studied over 2OU0 eggs of 
11 species in 14 geographic areas. They found the following results: 

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

2) Eggshell changes to be rare before 1939 and quite common for 
sometime thereafter. This coincides with the advent and 
widespread use of OUT as an insecticide. 
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3) Shel1-ttiinning had not occurred in 9 of 25 species. Others 
showed varying decreases in shell thickness. 

4) Shell weights decreased by 20 percent or more. 
5) Nearly 8 species had regional declines in population and in some 

cases the decline seemed to be continuing. 

Hulbert (i975) discussea avian predator aepenaent 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, Drown pelican and the black-crowned night heron. 

Many researchers have attempted to determine tue cause of eggshell 
tninniny. The work of Kolaja and Hinton (1977) is illustrative.  It was 
demonstrated that eggshell tninning in mallard ducks could be correlated 
rtitn a 3b percent reduction in ATPase activity in tne microsomal fraction 
of eggshell gland epithelium. Since this Ca-aTPase is associated with Ca 
transport, it was suggested that this inhibition may be responsible for 
thin eggsnells.  In an earlier paper, Kolaja and Hinton (1976) bad noted 
that üuT induced shell thinning was accompanied by histopathologic 
alterations in the shell gland of mallara ducks.  Table 1-16 presents a 
summary listing of toxic effects of DOT on various bird species. 

5.5 MAMMALS 

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

5.6 ALGME AND FUNGI 

Four species of freshwater algae have been reported as sensitive to OUT. 
UUT levels ranged from 800 uy/1 to 0.3 ug/1 and effects included altera- 
tions to growth morphology and photosynthesis. These data are summarized 
in Table 1-17. 

Hookinson and Oalton (1973) evaluated the effect of OUT 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 ODT was 
added (up to 60 ppm) to the medium. Results presented in Table 1-18 ao 
not indicate that a toxic level was reached. 

6.0 EPA MMKIENT WATER QUALITY CKlTERIA FOR OPT 

EPM has proposed ambient water quality criteria for DDTR using guidelines 
developed earlier (EPA, 1979; EPA, 1978). 
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accordance with this section of the Act, such fooa is considered 
by FUM to be actionable when: 

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

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

Tue run guidelines manual (FUM, 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 recommenuat ions: 

i)  The sample collected was representative of the shipment in 
accordance v%ith the sampling instructions contained in 
Section 44J of the Inspectors Operations Manual; and 

2)      Tne exact portion of food prepared for analysis is specified 
the analyst «id was in accordance with 40 Crk 180.1(j) or if 
not appropriate, in accordance witn Pesticide analytical Manual 
(PMM) Volume I, Section 141; and 

by 

3) original   and check analysis on the quantity of residue was 
..'.-formed  and  the results obtained  from each are  in reasonably 
Close agreement  (Mote:     it  is not practical   to  be more precise 
in  stating what  constitutes   "reasonably close  agreement" 
Decause  this »ill   vary  according  to  pesticide,   type of  food, 
analytical  method  and  residue  level.    Tnerefore,   it becomes  a 
judgement  decision  that has  to  be made on a case-by-case 
basis.);  and 

4) The  identity and  quantity of  the residue  in either trie original 
or check  analysis  sample was confirmed by an  appropriate 
metnod;   and 

b)      The  analytical  methods used for the original   and  check  analyses 
are contained  in the PAM,  Volume I or 11 or the AOMC book of 
Methods or  are otherwise considered by DRG to be  suitable for 
FDA regulatory purposes;  and 

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

In FL)H,  19/9,  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 fooo and animal feed. 

The action levels ire  established and revised according to 
criteria specified in Title 21, Code of Federal Regulations, 
Parts 109 and 5Ü9 and are revoked when a regulation establisn- 
ing a tolerance for the same substance and use become effective. 

Action levels and tolerances represent limits at or aDove 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 the product at the 
minimal detectable level of the contaminant. 

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

The "Action Level" defined for UUTR in fish is 5.Ü ppm.  UÜTK is defined 
as the sun of UUT, DuE, and D00 except "ao not count any  of tne tnree 
founa oelow U.Z  ppm" (FUA, 1978). 
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flow in the discharge line (Stripling, 19ÖO).  How monitoring ana con- 
trol for all boosters could be performed at a single location with this 
type of system. The 14-inch EIHcott boosters upon which dredging costs 
are based have a discharge ran <e of approximately bOUO feet when pumping 
at a rate of 4Uu cubic yards solids per hour. Costing for tne dredging 
project includes the outright purchase of twelve, 14-inch electric 
boosters (1 spare included), as no dredging contractor would have nis 
equipment capability, boosters would be skid-mounted and set up along 
the access roads approximately 1.1 miles apart. A temporary power line 
carrying primary voltage (43 kv) would be required along the access road 
to provide power for the boosters. A transformer at each booster would 
be required to step the voltage down to the 4,lbU volts required for the 
boosters. Spacing power poles at 17b foot intervals and installing 
conventional street lights on  each would provide adequate lighting along 
the access road for evening shift work and pipeline inspection. 

The dredge discharge line should be a polyethylene pipe of 14 inch inside 
diameter, such as the Phillips Uriscopipe.  This pipe typically comes in 
3ö foot sections which can be fused together by a thermal pressure system 
leased from the manufacturer, forming a permanent joint stronger than tne 
pipe itself (Hoover, 198Ü). Mechanical joints can also be used where 
pipe breakdown is required by fusing flanges onto the pipe ends. Perman- 
ently fusing tnree, 38 foot sections together and using flange joints 
between the resulting 114 foot lengths would minimize the possibility of 
leakage at mechanical joints, while maintaining a reasonable length of 
pipe to work with and allowing breakdown of tne pipe in the event of 
clogging.  In addition to permanent jointing, other advantages of poly- 
ethylene pipe are lightness, flexibility (can bend over and around land 
forms), and positive flotation (buoyant even when filled with water). 
Operating flotation for the pipe is provided by three, 19 foot by 1U inch 
diameter floats per 1U0 feet of discharge line, allowing for an 
overloaded condition of 65 percent solids by weigiit (Hoover, ly80). 

Unconventional systems should be considered for positioning the dredge. 
Advantages may be gained both in turbidity reduction and production rate. 
Tne conventional stepping metnod of swinging alternately on port and 
starboard spuds makes a zig-zag cut along the bottom, with tne cutterhead 
passing over some areas twice and leaving "windrows" of material between 
cuts near the outer edges of the swing (Üarnard, l97a). Aside from low- 
ering dredge production, contaminated material may be left in the win- 
drows where it would be subject to scour and transport downstream. Modi- 
fications of the conventional stepping method have been 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^ be 
advantageous to follow the channel contour while dredging, as only the 
top 3 feet of sediment is to be removed. This would result in higher 
production, as multiple swings in the same position would not be 
necessary, and the total volume of sediment dredged would be considerably 
reduced. Electronic equipment is available which would allow the dredge 
operator to follow the bottom contou"-. Motorola's Position Determining 
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System Division,  Scottsdale, AZ.,   has   indicated  that production of  sucn  a 
unit  is entirely within their capabilities,  though  it  is not  presently in 
production  (banders,  19bU).    The unit would consist  of  two der.tn sounoers 
mounted on a small  boom in front of the dredge,  one reading the oepth of 
trie dredge head,  and  the otner reading the bottom depth anead  of the cut. 
A processer would take readings  from tne two depth  sounders  ano output  it 
on  a visual  display showing the  position or  tne dredge head witn respect 
to the bottom.    Production of  the unit would require  approximately -u to 
120 days. 

An alternative  co the electronic  sounding system would be  to  survey the 
cnannel   button ano place grade stakes where necessary to determine the 
oepth of cut.    The dredge  ladder must oe equipped with an  inclinometer 
which converts tne  ladder  angle  to oepth of the dredge  nead  below the 
surface.    Since this methoo  is expected  to  be more time consuming,   less 
accurate,   ano equally or more costly;  the electronic  sounding  system  is 
preferred. 

Design  and  costing of the dredging  alternative  is  Dased  on 8-10 hour work 
shifts,  b days  per weeK.     Intermittant operation  such  as this  is not 
desirable  from a production  standpoint  but  cannot  oe  avoided  due to 
unavoidable conflicts with Test  ano  Evaluation Directorate  (T and ED) 
operations  on Test Range  1 during  normal  working  hours.     If  a 24-hour 
operation were possible,  costs  for  treatment  of  return water would 
increase  oy a factor of 2.5,  resulting   in  a cost   increase of  approxi- 
mately 17 million  dollars.     Even   if a 24-nour  dredging were  possible,   it 
is doubtful  tnat  trie  increasea  production efficiency would offset the 
increased  treatment costs. 

Active dredging  in HSB ano   IC snould De  terminated when  flow rises  signi- 
ficantly above base flow.    The point  at which sediment (and uuTK) trans- 
port  becomes excessive would be determined  by turüidity monitoring down- 
stream from the dredge (see section 3.6). 

3.4.b    Uverbank Kemoval 

The critical   overbank  area   indicated   in Figure 111-7 consists of approxi- 
mately 2b acres  ano contains an  estimated  28 percent of the total  DDTK in 
the hbB-IC system,     its  removal  will   require excavation  and  disposal   of 
121,bUO cubic yards of  sediment.    Tho non-critical   overDank  areas of 
«each A contain  approximately 1.1 percent  of   cue   total  DDTK   in  tne hSb-lC 
system.     In order to remove this 1.1 percent,   approximately 23b acres of 
overbank will  nave  to  be cleared  ano grubbea,   and  i,i3b,80u cuDic yards 
of  sediment will  have to  be excavated.    Tnis  volume  is nearly equal   to 
that   involved   in Dredging Flan III. 

Kemoval   of the overbank  sediments will   require  clearing  all   vegetation 
and grubbing  all  root systems  in the overbank  areas  indicated on 
Figure III-7.    Disposal   of cleared   .^contaminated  timber  ano  debris will 
be provided by the contractor  hirer,  for clearing,     kemoval   of  the contam- 
inated  sediments  to  a depth of 3 feet  can  be  accomplished  simultaneously 
w > tn  grubbing by a small   dragline, operating on mats   if necessary.     Root 
material  will   oe disposed of  in  a landfill   adjacent  to  the TuMDA 
(Figure  Iil-b).     Sediments  from the critical   overoank  area will   be 
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hearing may be held prior to preparation of  a final  LIS.     If  the conven- 
tional  11i> process  is expected  to result   in excessive delay of  the pro- 
ject,   an  abbreviated ilLPA filing  procedui e  is  allowed  for   in  the CtQ 
guidelines on tlS preparation. 

b.4    rISH HNU WILDLIFE  LUURDlNATiuN ACT uf   1934 

Under  the Fish  ana Wildlife coordination Act,   any federal   ayency pro- 
posing to control   or modify  a body of v.ater must   first  consult with the 
U.S.   Fish  and Wildlife Service,  the National  Marine fisheries Service  (if 
appropriate),   and  the  appropriate  state  agency with  administrative con- 
trol   over wildlife resources   in  the project   area. 

8.5    KtSUuKltS CUwStRVATlON MNU KtCUVEkY  ALT  uF  ly/o  (PL  94-5bC) 

The Resources Conservation  ana Recovery ftct  (KCkHj   provides funding  ana 
technical   assistance  for developing plans  and  facilities   to  recover 
resources  from waste materials,   ana   vor   regulation  ana   "craule  to  grave" 
management of hazardous wastes.    Regulations  set  forth by KCKM (<4U CFH 
Harts  i^bD-^bbJ   appear   in Volume <*b,  No.  £»b of  tue Federal  Register 
(May 19,   19bU).     Additional   proposed  regulations   appear   as 4o L'FK 
Part 2bu  in  the federal  Register  (4J ^R WJiMb,  December  18,  1V78). 

Part  ^bl of  RCRA discusses   identification  ano   listing  of  hazaraous 
wastes.    Two mechanisms  are established  tor  determining whether a  parti- 
cular waste   is classified  as  nazaroous;  one,  a set of  characteristics of 
hazardous wastes,  the other  a  specific   list    t  nazardous wastes.    Contam- 
inated  sediments  from HSB  and  1C are  not   included  under Subpart   C of 
rart  Zbl,   Cnaractenstics of hazaraous Wastes.     SuDpart u,   Lists  of 
hazaraous Pastes,   is open  to  interpretation  as  to whether or not  sedi- 
ments  dredged  from HSb and  Ic would  be   included.     Tne RLkrt regulations do 
not  specifically address the disposal  of dredged material   or  otner nigh 
volume wastes,  originally proposed  to  be classified  and  regulated   as 
"special  wastes"  because ot   their  bulk.     In  the  event   that   the  dredged 
sediments  are required  to be  regulated   under RCKM,  compliance with  the 
folluwing parts of   tne  regulations will   have to  be  addressed. 

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

Standards  applicable  to  transporters  of  nazaroous  waste   appear   in 
Part  Zbj.     These regulations  are consistent with uuT's  regulations on 
transportation of   hazardous  waste  under  tne Hazaraous  materials Transpor- 
tation Act  (Title <+9,  Subcnapter C), discussed   in Section 8.7, 

Standards «pplicable  to Owners  and Operators of Hazaraous Waste Treat- 
ment,  Storage,  ana Disposal Facilities  are delineated  In Part  Zbi. 
Interim status  standards appear  in Part 2bo.     The handling  and  disposal 
of dredged contaminated  sediments  associated witn  the proposed 
alternatives   is  in general   compliance with  these  preliminary Phase  ! 
regulations.    Additional  regulations under  these  parts will   be 
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promulgated in late 19b0.  If tue additional regulations are consistent 
with proposed regulations (published in the Federal Register, 
43 FR 58946, December 18, 1978), disposal plans associated with the 
alternatives should be in general compliance; with the exception of the 
following two proposed standards: 

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

2) Landfills must have a liner system as described in 
Item 250.45-2(b)(13L 

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

8.6   HAZARDOUS MATERIALS TRANSPORTATION ACT OF 1974 

The Hazardous haterials Transportation Act (HMTA) was developed by the 
U.S. Department of Transportation to regulate transportation of hazardous 
materials. Thougn DDT is listed in these regulations as a hazardous 
material (Section 172.101), no reference is made to bulk seaiments or 
dredged material contaminated with DDT. UÜT is classified as an ORM-A 
waste. Wastes in this classification do not require shipping papers for 
transportation (Section 172.200).  Specific items relating to the 
transport of DDT wastes under Section 172.101 are that no labelling is 
required and there is no limit on tne net quantity of material 
transported in one package.  Interpretation of the regulations indicate 
that if the contaminated sediments are  to be transported, hauling in 
covered dump trucks with sealed tailgates will be within these 
regulations. The Federal Highway Administration is responsible tor 
enforcement of the regulations if transport by road is involved, and 
should be contacted regarding official interpretation of the 
regulations. 

8.7 ENDANGERED SPECIES ACT OF 1973 

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

8.8 SECTION 26a OF TnE TENNESSEE VALLEY 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 board. Upon approval of such plans, deviation 
from them is prohibited without approval of appropriate modifications to 
the original plans. 
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Ö.9     VMKlOLiS  HlSlüKll  rtUU  MKLhrtEuLUblCML   UATM  PRESENT LU.<   LAhS 

8.9.1 Antiquities Met of 190b 

This net provides tor tue preservation of nibtoric and prehistoric 
remains (antiquities) on Federal lanos, estaulishes penalties for 
unauthorized destruction or appropriation of federally owned antiquities, 
and estaolisnes a permit system tor the seiet ;ific investigation oi 
antiquities on r-ederal lands. 

8. 1*.k historic Sites Met of i93b 

The Secretary of the interior is designated uy this Met as responsible 
for establishing tne National Survey of Historic Sites ano buildings. 
The Act requires the preservation OT properties of "national historical 
or arcnaeological significance" and the designation of national nistoric 
landmarks.  Interagency, intergovernmental ano interdisciplinary efforts 
for t:,e preservation of such resources are also authorized Dy tne hct. 

8.9..J national Historic Preservation Met of l9bb, as «mendeu 

This act establisnes 
including encourageme 
private efforts. Uf 
which describes certa 
implementing projects 
Section lOo, tne resp 
Historic Preservation 
Archaeology and histo 
the property, unce t 
consult with ShFU and 

a national policy ot historic preservation, 
i.t uy providing mutening grants for state ano 
particular importance is Section lUo of tne Met, 
in procedures to oe followed by Federal agencies 
which may affect significant properties.  Unoer 
onsible agency is directed to consult .-,ith tne State 
ufficer (SHPu) ano, where necessary, the Uffice of 

ric Preservation to determine the significance of 
he significance is uetermined, the agenc> must 
the Mdvisory Council to develop mitigation plans. 

8.9.4 Preservation of Historic and Archaeological Data Act ot 19/a, 
Amending the keservoir Salvage wet ot i9uu 

The Keservoir Salvage Act provided for the preservation of historical or 
archaeological data that may be lost or destroyed by construction of 
federally funded or licensed dams, reservoirs, and attendant facilities. 
This Act was amended by the Preservation of Historic and Archaeological 
Data Act of 1974. Unoer this later act, whenever a Federal project or 
federally licensed project alters terrain to the extent that significant 
historical or arcnaeological data is tnreateneo, tne Secretary of the 
Interior may take whatever actions are  necessary to recover ano preserve 
the data prior to commencement of the project. The cost of data recovery 
are restricted by this act to 1 percent of the total project cost. Tnis 
i percent limitation does not apply to identification studies and 
planning required by other Acts, nor to mitigation costs otner than data 
recovery. If aata recovery costs exceeu the i  percent limitation, 
supplemental funding or alternative mitigation methods must be developed. 
The loss of significant data not mitigated by tne 1 percent limitation or 
supplemental tunding must be aduresseu as unavoidable adverse impacts ^n 
tne Environmental Impact Statement. 
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TIMS net requires mat any person removing any archaeoloyical resuurce 
located on public or Inuian lands must first ootam a permit from tne 
Federal land manager. Compliance with section iub or tne Natiori.il 
Historic Preservation net of 19o6 is not required with issuance of a 
permit under tne Archaeological Resources Protection Act. The Act states 
that ownership of arcnaeulogical resources excavated or removed from 
public lands wi i . remain the property of tne united States, estaul ibiies 
reyulations governing tne removal of archaeological resources, and 
specifies civil and criminal penalties for violators of the Act. 
Provisions are  also made for cooperation and communication between 
Federal agencies, private individuals, and professional archaeologists. 

8.10 ALABAMA HAZARDOUS WASTES MANAGEMENT ACT OF i978 

Regulations promulgated pursuant to this Act incorporate all requirements 
of the final ana proposed regulations under KCRM. The Alabama 
regulations do impose permit and otner legal obligations in addition to 
the RCKA requirements. If the DüTk-contammateo sediments are classified 
as a hazardous waste oy the State of Alabama, the Alabama regulations 
will have to be addressed arid these additional requirements met. Most 
notewortny are Sections li^e) ana l'<£(f), requiring Dotn construction ana 
operating permits for oisposal facilities; and Section 7, requiring 
dedication of disposal lands for "perpetuity" (2uU years as opposed to 
KL'KA'S 30-year post clnsure care requirement). 

8.11 ALABMMA Alk POLLUTION CONTROL ACT OF 19 71 

Kegulations of the Alabama Air Pollution Control Commission, promulgatea 
persuant to this Act, regulate open burning ana particulate emissions 
such as fugitive dust (Chapters 3 and 4). Tnese regulations shoula have 
minimal impact on proposed alternatives. 

8.12 OCCUPATIONAL SAFETY AND HEMLTh AOhlNlSI'KAl iUN 

OShA Legislation 29 CFK i90u et. seq. sets limits on worker exposure to 
airborne concentrations of DOT and monochlorooenzene. Tnough airborne 
concentrations are not expected to be significant during dredging and 
construction, this must be verified on-site. 

8.13 EXECUTIVE ORDER 119ö8 

Executive Order li98d directs Federal agencies to "restore and preserve 
the natural and beneficial values served by floooplains" in Federal 
activities related to land management or use, and for Federally funded cr 
implemented construction projects.  If an agenry allows or conducts an 
action in a flooaulain, alternatives must ue considered to avoia adverse 
impacts and incompatable development in the flooaplain. Kegulations were 
to be adopted or amended as necessary Dy the agencies to comply with this 
oraer. 
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8.14   txecuTivt ukOtK nyyo 

txecutive Order 119% orders eacn Federal   agency to  take actions neces- 
sary to  "minimize the destruction,   loss, or degradation ot  wetlanu-   ana 
to  preserve  and enhance  the  natural   and  beneficial   values  ot  wetlands"   in 
Federal   activities related  to   land management or  use,  and  tor  feuerally 
funded  or   implemented  construction  projects.     It   a project   is   to  De 
implemented   in a wetland,   it must  be demonstrated  that  there   is no 
practicejßle  alternative and  tnat  tne  proposed  action mitigates  to   tne 
extent  possible,   harm to  the wetlands,     tconoir.ic,  environmental,   ana 
other  relevant  factors may ue considered   in making  this  judgement. 

y.U    f'KUrUSF-b ALThKNaTIVes 

g.l    KLTtKNATIVfc  A:     NATURAL  htSTOKATlüN 

An obvious  alternative   is  to  allow the presently contaminated  system to 
restore   itself  naturally.    Key factors   in  tnis  assessment   are questions 
concerning now long natural   restoration would  require,   whether condi- 
tions will   get. worse before  they yet better,   dna  whetner  the contamina- 
tion will   spread over an even wider  arvd. 

IT  natural   restoration   is  to be  successful,  one of   three  things nust 
occur,     tither  (1)  the uüTk must  be degraded  to harmless compounds, 
U') the UuTk must become  isolated  in some manner from trie rest or  the 
environment,  or  (3)  the UUTK must  be flushed out of   the  system. 

A review of  the   literature regarding the  persistence ot  DOTK,  particu- 
larly  in  the concentrations  found  in Huntsville Spring branch,   strongK 
indicates  the half-life of this material  may be on the order of  at  least 
20 to 3U years.    At  a 20-year half-lite, 60 years  from now there would 
still  oe 5y tons of OOTk left.    *t  a 30-year half-life,  118 tons  would be 
left  after bo years,    titrier amount would  De  far more than  is currently 
in  the   lower reaches  of huntsville Spring brancn   and   mdian Creek, 
hence,   it  appears that natural  degradation  cannot  oe expected  to 
significantly "clean  up" the  problem in the foreseeable  future. 

Tne most promising scenario 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,  tins  does  not   appear to  oe  oc- 
curring  at  a very rapid  rate.     Currently,   about 34 percent ot  the UUTk is 
in  the  top 6 inches of  sediment   and   about b7 percent   is   in the  top 
1 foot.    Hence,  natural   isolation by silting-in  does not   appear  to have 
been too successful 
plant closed 

in the last 10 years since trie ÜUTk manufacturing 

Another possible means by winch the natural restoration alternative 
might be successful would be for the ÜUTk in Huntsville bpriny branch arid 
indian Creek to be flushed out as dissolved and suspended material into 
the Tennessee River. Current UUTk distributions, plus trie best estimates 
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of trie rate dt ..men üUTK is moving out of Indian Creek, suggest tnat 
natural flushing would take hunoreas ut years, tven if this were to 
ccur, tne positive effects on tue nSB-IC system would be more than 

Offset uy the negative impacts on tne Tennessee Kiver. 

Sev. \\  potential negative aspects of the natural restoration alternative 
Shoi ü be noted. Currently, only u.'ö  percent of the total ÜuTR is in 
Indian Lreek, yet, tnis is enough to cause substantial contamination of 
some fish species in tnat area.     If left uncontrolled, there appears to 
be d significant nsk that Inaian Creek LIUTK levels could be maintained 
or even increased from tne vast storenouse of L)L)TK sitting upstream, 
tven n only insignificant amounts of ÜUTk are moving under normal flow 
conoitions, tnere is the possibility that intreguent, but large, storm 
events 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 Brancn and continues to do so at a rate 
faster than it is degraded downstream, biven sufficient time, enough or 
it may enter the Tennessee River to more substantially impact an even 
larger system. 

The information available currently is not sufficient to allow one to 
determine with certainty wnether the UüTK effects are increasing or 
decreasing. Some trends in biro population estimates suggest a decrease 
in effects. Tne Uouble-crested Cormorant population of the Wheeler 
National Wildlife Refuge declined rapidly from over 2,üUU (pedk popula- 
tion numberJ in 19<*4 to bU in i.959. between 1963 and 1972 these biras 
were not observed on the Refuge.  Since 1973 tnere has been a gradual 
increase again in these birds to a peak population (greatest number of 
biros oDserved on any day during the periooj of 21 in ly79. However, as 
noted in Section t>.<* of this Appendix, this may be due more to regional 
factors than to local conditions. American Wooacocks, Least Sandpipers, 
and Pectoral Sandpipers are  also increasing (Table 11-8). according to 
the peak population records of the Wildlife Refuge (Table II-Ö), 
Pied-billed Grebes, Sord Rails, and Vultures are making possible come- 
backs. However, this trend is not definite for these species cue to the 
short time span since closure of the DOT 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 tor the following top 
carnivores: Barreo Owl, Cooper's Hawk, Harsh Hawk, Red-Shouldered hawk, 
and the Sharp-Shinned Hawk. Table 11-8 also shows a marked reduction in 
Swamp Rabbits after the DDT plant was closed from 3.ÜÜÜ in 1971 ana 1972 
to 7UU for the last two years. The reason for this decline is unknown. 

The Short-term risk of tne natural restoration alternative is relatively 
low in that the situation does not appear to be rapidly worsening. Thus, 
it would be possible to tentatively select natural restoration plus con- 
tinued monitoring and status reports. This would allow additional time 
during which more definitive information could be gathered to dete"mine 
contamination trends. 

If the natural restoration alternative is selected, either on a temporary 
or permanent basis, a monitoring program should be initiated to determine 
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Table 111-11. Detailed Cost Estimates for Alternative 8, Dredging and Disposal (for 
Dredging Plan III) 

Description Unit 
No. of 
Units 

Unit 
Cost i$) 

Estimated 
Cost (5) 

(a) Temporary Dredged Material 
Disposal rtrea (TDHOH) 

(i) Construction 

-bite Acquisition 
-Soil 8orings and Testing 

-Clearing and Orubbing 
-txcavation and brading 
-Dike Construction 
-Place Fill for Keturn water 
Treatment Area 
-48-in. Pipe Weirs, Purchase and 
Install 

-Seeding, Mulching, Ferti1izing, 
Exterior Dikes 
-üroundwater Monitoring System 
-Leachdte Monitoring System 
Return Water Treatment System 
-tarthern Clarification basin 
(for above system) 

-Fencing around Site 
-Access Road (1,000 ft. x 40 ft.) 
-Reroute Existing Drainage 

SüöTüTAL 

(ii) Operation 

-Keworking Interior Oikes For 
Crane Access 
-Small Dragline for Trenching? 
-Return Water Treatment System 
Operating Costs 

-Mua Cat Dredge for Solids Removal 
in Clarification Basin^ 

-Sump and Piping for Draining, 
Snagging & bruobing Disposal Area 

SU8TuTAL 

SUBTOTAL TUMUA COST 

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

TOTAL TDMUA COST 

1 boring 
& tests 

acre 
cu.   yd. 
cu.  yd. 

38 
187 

962,600 
812,000 

1,026 
2,600 

2 
3.6 

39,000 
468,000 

1,925,000 
2,b42,0ÜO 

c u.   yd. 100,000 3 30Ü.0U0 

each 24 5,500 132,000 

acre 
50 ft.  Well 

ft. 
L.S.I 

18 
8 

2,000 

1,300 
600 

12 

23,00u 
5,000 

24,0u0 
6,000,000 

L.S. 
ft. 

sq.   yd. 
ft. 

1^,500 
4,450 
4,0UU 

12 
5 
2.5 

74.UÜ0 
234,000 

22,000 
10,000 

12,096,000 

cu.  yd. 
L.S. 

14,000 2 28,000 
473,000 

L.S.   — 5,055,000 

L.S.   — 122,000 

L.S. b.OOU 

6,686,000 

17,784,ÜÜU 

3.577.0UO 

2,668,000 

24,008,QUO 
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Table Ili-il. uetailed Cost Estimates for Alternative b, uredying ana Disposal (for 
Ureaging Plan In) (Continued, Page 2/ 

Description unit 
No. of 
units 

Unit 
Lost (S) 

Estimated 
lost (i) 

(b) Snagging Hbb and 1C Channel4 

(c) hydraulic Dredginy 

-Access kuads 
-Clearing and lonstruction 
-Additional fill for LOVV Areas 
-Culverts and Installation 

-Temporary Power Line and 
Lighting 
-Power Consumption (electrical) 
-Depth kanging System 
-booster Pump Purchase^ 
-Polyethylene 14 ID Discharge 
Pipe0 (including connections) 
-floatation for Discharge Pipe 
-Mobilization and uemoDi1ization 
(aredge and boosters) 

-Lifting Dredge over Dodd ana 
Lenterline koad bridges 
-Channel Dredging and Pumping 
to TüMurt 
-Dredge Monitoring 

SObTuTAL 
-20%  Contingency 
-lb*. Engineering Design, Supervision 
and Administrative Costs 

TOTAL HYDkAULIC DKtDblNO COSTS 
(a) Critical uverbank kemoval 
-Additional Sediment Sampling 
-Llearing and Orubbing 
-Access koad Construction 
-Dragline Dredging^ 
-Hauling to TDMOA 
-Placenient/Crading in TUMUA 
-Final braoing of Overoank 
-Seeding, Mulching, Fertilizing 
of Overbar.k 

SUbTOTAL 

-20% Contingency 
-lb« Engineering Design, Supervision, 
and Administrative Costs 

TOTAL CkITICAL UVEKBANK KEMüVHL COSTS 

5,704,000 

sq.   yd. 323,000 b 1,DI5,U00 

cu.   yd. 50,000 4 200,000 
each 100 850 85,000 

L.S.   - * - 1,309,000 
kwh 14,000,000 0. Ob 700,000 
L.S.   — 50,000 
each 12 200,000 2,472,000 

ft. 63,000 27. bO 1,733,000 
ft. 2,000 10 20,000 

L.S.     80,000 

L.S.     15,000 

L.S. _ -._ M  8,89^, 
L.S.     7bO,000 

17,928,000 
3,b86,000 

2,6b9,0uu 

24,203,000 

L.S. 
acre 

sq.  yd. 
cu.  yd. 
cu.  yd. 
c u.   yd. 
sq.  yd. 

7b 
2U.0U0 

364,500 
364,500 
3b^,500 
3b4,500 

2,500 
5 
5 
4 
1 
1 

100,000 
188,000 
100,000 

1,823,000 
1,458,000 

3bb,0o0 
3b5,000 

acre 75 1,300 98,000 

4,497,000 

899,000 

675,000 

S 6,071,0b 
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Table III-11. Detailed Cost Estimates for Alternative B, Uredging and Disposal (for 
Dredginj Plan III) (Continued, Page 2) 

uescription 

(e) Option for Noncritical Overbank Removal 

-Clearing and Grubbing 
-Access Road Construction 
-Drag": ine Uredging' 
-hauling to TJKDA 
-Placement/Grading in TDMDA 
-Final trading of Overban* 
-Seeding, Mulching, Fertilizing 
of Overbank 

SUBTOTAL 

-20* Contingency 
-lb%  tngineering Design. Supervision, 
and Administrative Costs 

TOTML 

(f) Permanent Disposal of Dredged 
Material (closure of TüMUA as 
a landfill) 

urading, Compacting Dredged 
Material 
-hauling, Placement, Compaction, 
and Grading of Cover Material 

-Seeding, Mulching, Fertilizing 
Site 

SUBTUTAL 

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

TOTAL PERMANENT DISPOSAL CUSTS 

(g) Cultural Resources Activities 

OPERATION AND MAINTENANCE COSTS 

(a) TDMDA Long-Term Maintenance 
(b) Monitoring 

-Disposal Site Monitoring 
-Areawide Monitoring 

Unit 
No. of 
Units 

Unit 
Cost (i) 

Estimated 
Cost (S) 

emoval 

acre 
sq. yd. 
cu. yd. 
cu. yd. 
cu. yd. 
sq. yd. 

182 
85,000 

879,500 
879,500 
879,500 
879,5UU 

2,500 
5 
5 
4 
1 
i 

455,000 
42s,uOO 

4,398,000 
3,518,000 
880,000 
880,000 

acre 182 1,300 236,000 

10,792,UOO 

2,158,000 

1,619,000 

14,569,000 

sq. yd. 

cu. yd. 

acre 

L.S. 

yr 

yr 

905.100 

603,400 

187 

30 

30 
4 

1.5 

5 

1300 

50,000 

50,000 
500,OUU 

1,358,000 

3,017,000 

243,000 

4,618,u00 

924,000 

693,000 

6,235,000 

805,000 

1,500,000 

1,500,000 
2,UUÜ,0Ü0 
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Table Ell—XI. Detailed Cost tstimates for Alternative b, Dredging and Disposal (for 
Dredging Plan 111) (Continued, Page 4) 

Ho. of      Unit     Lstiwatea 
Description Unit      Units    Cost (i)    Cost (i) 

TOTAL COST uf PkUJtCT (excluding noncriticäl overbank removal)        7^,ü^b,QUü 
(including noncritical overbank removal)       8b,b!Jb,i>uü 

°lncludes operation and maintenance costs. 
l|_ump sum. 
^Includes purchase, operating, ana maintenance costs of 35-ton crane for entire 
dewatering period (3 years). 

•^Includes purchase ana operation of Hud Cat Dredge i-iodel SPölO tor operational life of 
treatment plant (b years), 

^lncluues contingency, engineering, and administrative costs, 
^includes integrated central control system. 
falost based on using Phi1lips Driscopipe. 
^Assuming overbank is excavated uniformly to a 3.U-ft. depth. 
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Taole  Ili-12.     Cost bummary for alternative b  (HS bet ailed   in Table  lli-ll 
for uredgiftg Flan  ni) 

üreoy ing 
HI an 

keacnes 
Incluoed* 

Total Estimated Lost 
(mi 1 lions ot uol lars) 

I 
II 

III 
M,b 

M,B,C 

30.91 
42.53 
72.03 

tstitnated Effect of Uther Options on Cost Estimate (Millions of Dollars) 

-Implement Noncritical Overbank Removal Option + l4.b/ 
•uelete Laroon Adsorption Kroni Return t-Jater 

Treatment bystem - 4.1b 
-Implement toine Disposal (Flan III) + ltj.Sl 
(Including Disposal of Noncritical uverDank sediments) + 43.37 
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annual  expenditures  for Alternative a are yiven  in Mgure  III-2U and 
Table 111-13,  respectively. 

9.3    ALTERNATIVE C:    ÜUT-Ur-BASIN DIVbRSIüN MNU REMUVHL  UF (JütlTWllNATfcü 
SEDIMENTS 

9.3.1    Introduction 

This  alternative combines  tne major  actions of dredging  and disposal   and 
out-of-basin diversion of HSB.    Diversion of hSB directly to the TR will 
greatly reduce  fluvial   transport  of DüTK from HSB and moderate  its 
transport  in IC.    The diversion  alone will  not provide for  aaequate 
mitigation of DDTk contamination  in the HSB-IC system.    Contaminated 
sediments would still   be subject to fluvial   transport  from  local   runoff 
ana from flows created by fluctuations  in the Wheeler Keservoir pool. 
Significant potential  for Diotransport would also exist   if contaminated 
sediments were  left exposed. 

Removal  of contaminated sediments  from HSB and  IC, coupl 
able disposal  technique, will  provide for  isolation of t 
DDTk.    Minimal   transport  of UUTK would occur during  the 
due  to the greatly reduced flows  afforaed tiy the aiversi 
are discussed for removal  of contaminated  sediments,  hya 
ana  drayline dredging.    Dragline dredging would require 
containment  oiKe and drainage channel   as  illustrated  in 
The  turniaity-yeneratiny characteristics of tne dragline 
excluded   it  from consideration  for dredging  flowing  reac 
will   not present a prob lern within the dixed containment 
contaminated sediment downstream from tne containment  ar 
hydraulic  dredging. 

9.3.2    Uut-Üf-Basin Oiversion 

ed with a suit- 
he majority of 
removal   operation 
on.    Two options 
raulic  dredging 
construction  of  a 
rigure III—18. 

dredge wnich 
hes of Hbb and  Ic 
area.    Removal   of 
ea would be  by 

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

9.3.3    Dredging and Disposal 

Hydraulic Dredging--The hydraulic  dredging of HSB  and  IC and  alternatives 
for disposal  of contaminated sediments  is aiscussed  in Section  3.Ü of 
this Appendix. 

Dragline Dredging-- 

Introduction--uragline Dredging of HSB upstream from Mile 2.4  (Dodd Road) 
may be advantageous  if the channel   can  be dewatereo  to such an extent 
that ponded water  is nearly eliminated.    Downstream from HSB Mile 2.4 tne 
topography  is  such that the channel would probably be  inundated  several 

*~        — «ii i» 
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Table 111-13. Estimated Annual Expenditures - Alternative b 

Estimated Annual Expenditures (Millions of Uolllars-1980) 
Year After       ditnout uoncritical     with uoncruical 
Start Time       Uveroank Mitigation    Overoank riitigation 

1 

2 

3 

<\ 

b 

6 

7 

8 

y 

10-13 

14-26 

2.y 

2.y 

9.4 

2b. 5 

11.1 

8.2 

1.4 

5.1 

1.8 

O.b 

Ü.1 

3.7 

3.7 

8.1 

22.7 

22.4 

14.U 

1.4 

5.1 

1.8 

0.6 

0.1 

Average Annual  Expenditure, 
1980 Dollars  (assuming an 
interest rate of 7.125% 
and a project  life of 
50 years): 5.02 6.39 
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tines  during dragline dredging,   substantially  increasing down-time  and 
dewatering costs,    üewatering requirements for the  dragline-dredged 
sediments would be greatly redjced or eliminated  altogether,  as  sediments 
would  be removed  at  their  in situ water content.    This would  allow 
closure  jf portions of  the  temporary disposal   area soon  after termination 
of      edging and would eliminate some dewatering costs.     If  the option for 
permanent disposal   in an off-site  abandoned mine  is chosen,  temporary 
disposal  of dragline-dredged  sediments may be eliminated altogether. 
Dragline dredging would also permit visual   inspection of the  accuracy and 
completeness of  aredging. 

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

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

Dredged material  will  be transported  to tne  temporary disposal   area  in 
truces equipped witn sealed tailgates.    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  lifts 
may be desirable  to  increase their rate of dewatering. 

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

Hydraulic  dredging of  IC and   lower HSB  will   be   implemented concurrently 
with dragline dredging of upper HSb,   therefore the required capacity of 
the return water treatment  system will   not  be changed.    A significant 
savings may be realized,  however,   in the snorter duration of the 
hydraulic dredging program.     Upon completion of  hydraulic  dredging,  only 
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Table lll-li. Detailed Cost Estimates for alternative C,  Uut-of-Basin Diversion  ana 
Removal  of Contaminated Sediments 

Description unit 
No.  of 
Units 

Unit 
Cost 1$) 

Estimated 
Cost  (j) 

(a) Out-of-basin Diversion Channel^- 

-Clearing and Grubbing 
-Channel Excavation 

-bedrock 
-Unconsolidated 

-Soil Borings ana Tests 

-Land Acquisition 
-Utility/Structure Kelocation 
or Replacement 

sector A-l 
-kelocate ';TP Outfall, 36UO ft. 
of 12-in. CMP 

Sector C-l 
-InstallTfaOO ft. of 18-in. VCP 
-Kelocate Existing Lift Station 
-kemove Existing Manholes 
-Install Cast Concrete Mannoles 
-Sewage Pumping During Construction 
-Kelocate ana kepave Entry bate 
No. 3 

-Kelocate 2350 ft. of 12-in. CI 
Force Mam 
-Kemove Existing bridge at 
Redstone koad 
-Replace Existing Bridge at 
Redstone Road 

Sector U-l 
-Relocate 28U0 ft.  of 12-in,  CI 
Force Main 

Sector E-l 
-Re:nove Existing Highway Bridqi.'S 
-Remove Existing Railroad Brioye 
-Construct Two 2-Lane Concrete 
bridges  at Buxton Road 

-Provide tor Water Diversion During 
Construction and Relocate 8-in.  CI 

Water Main on New bridge 

-Seeding, Mulching,  Fertilizing 

SUBTOTAL 

(b) McDonald Creek Diversion 
-Clearing and Grubbing 
-Channel  Excavation (assuming 
no bedrock  is encountered) 

acre 

cu.  yd. 
cu.  yd. 

1 boring 
& test 

acre 

ft, 

ft. 

L.S. 
L.S. 

ft. 

429 

281,900 
3,763,100 

44 
235 

3,600 

2,800 

bSO 

2,5U0 

50 
3.5 

1,026 
1,500 

3U 

30 

720 

1.073.U00 

14,095,000 
13,171,000 

45,000 
353,000 

108,OuO 

ft. 1,600 25 40,000 
L.S.   — 25,000 
each 5 35U 2,000 
eacn 4 1,500 b.OOO 
L.S.   — 15,000 

L.S.   — 45,000 

tt. 2,350 30 71,000 

L.S. --- — 30,000 

ft. 350 720 252,000 

84,000 

60.00U 
25,000 

4od,000 

ft. 300 50 15,000 

acre 464 1.30U 603,000 

30,58b,000 

acre 27 2,500 68,000 

cu. yd. 61,000 3.5 214,000 

111-102 
REVISED APRIL 1984 



I 

Table 111-14. Detailed Cost tstimates for Alternative 0, Out-of-basin inversion ana 
Removal  of Contaminatea Sediments  (Continued,  Page 2) 

Description Unit 
No.  of 
Units 

Unit 
Cost (i) 

Estimated 
Cost (i>) 

-boil  borings  and Tests 

-Seeding,  Mulching,  Fertilizing 

SObTOTAL 

(c)  kaising Patton Road 

-Haul Pill for Roadbed 
-Place Fill for Roadbed 
-Soil borings and Tests 

-Remove Existing bridge 
-Pave Patton Road 
-Seeding, riulching, and Fertilizing 
-Fencing 
-Drainage Structures (box culverts) 
-Construct New bridge 
-Raise Telephone Line Manholes 
-kelocate 12.5UO ft. of 12-in. Ci 
Water Main 

-Kelocate Power Lines 

SUöTUTML 

lo; Containment/Diversion Dike 
NW of Patton Road 

-Clearing ana bruboing 
-Channel Excavation 
-haul Fill for Dike 
-Uike Construction 
-Soil borings and Tests 

-Seeding, Mulcning, and Fertilizing 

SUbTOTAL 

SUbTOTAL FUR 0UT-0F-bH5lh DIVERSION 

-20% Contingency 
-15% Engineering Design, Supervisi.n, 
and Moniimstrative Costs 

TOTAL FOR OUT-uF-bASlN DiVf;SIuN 

(e) Snagging HSb and IC Channel2 

(f) TUMDA Construction and uperation^ 

(g) Critical Overbank Removal^ 

(h) hydraulic uredying of HSB and 
IC Channel^ 

1 Döring 
& tests 8 1,02b 6,000 

acre 22 1,300 29.UUU 

319,000 

cu. yd. 447,500 4 1, 790,000 
cu. yd. 447,500 3.5 1 566,000 

i boring 
& tests 20 1,02b 21,000 

L.S. — — 30,000 
sq.  y<J. 33,500 8 2do,000 
acre 43 1,300 56,000 
ft. 25,000 12 300,000 

L.S. — — 15,000 
ft. 350 720 252,000 

L.S. — — 5,0o0 

ft. 12,5UO 3Ü 375,'    ' 
L.S. 

4 

20,. , 

,69b,000 

acre 11 2,500 28,000 
cu. yd. 60,000 3.5 210,000 
cu.  yd. 90,700 4.0 363,000 
cu.  yd. 150,700 3.5 527,000 

1 Döring 
& tests 8 1,02b b,000 

acre 15 1,300 

1 

36 

7 

5 

49 

20,000 

,166,000 

,759,000 

,352,000 

,514,0ÜU 

,625,000 

5 ,704,00u 

24 ,008,u00 

6 ,071. 

24 ,203,000 
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Table 111-14. Detailed Cost Estimates for Alternative C, Out-of-basin Diversion and 
«emoval of Contaminated Sediments (Continued, Page 3) 

Description Unit 
No. of 
Units 

Unit 
Cost [$) 

Estimated 
Cost ($) 

(i) Option for Draglint Dredging 
Between HSB ililes 2.4 and 5.6 

(i) Dike and Drainage Channel for 
Diverting Kunoff from basins 
K and M Around Area to De 
Dragline Dredged 

-Clearing and brubbing 
-Channel Excavation 
-Haul Fill for Dike 
-Dike Construction 
-Soil Borings and Tests 

-Seeding, Mulching, ana Fertilizing 

SUBTOTAL 

(i i) Pumping Station 

-2 Pumps, 2 MUD Capacity Each 
(a 4U ft. Total Head each 
-Pump housing Plus Pads L.S. 
-Piping, 12 in. ft. 
-Electrical Costs and Maintenance L.S. 
-Concrete Sump cu. yd. 
-Sedimentation Basin (9 Acres 
x 5 ft.) cu. yd. 

SUBTOTAL 

(iii) Dragline Dredging Costs 

-Access Roads (50-ft. width) 
-Clearing and Construction 
-Mdaitional Fill for Low Areas 
-Culverts and Installation 

-Dragline Dredging Sediments 
-Areas Within boom Reach 
of Shore cu. yd. 
-Areas DredgeJ from Mats 
or Fill cu. yd. 

-Hauling Sediments to TDMUA cu. yd. 

SUBTOTAL 

(iv)  Hydraulic Dredging from 
HSB wile 2.4 to IC Mile 0.0Ö 

(v)  Dredge Monitoring 

SUBTOTAL  FOR DRAGLINE  DREDblNG OPTION 

acre 3b 2,500 
cu.  yd. 8b,5U0 3.5 
cu.  yd. 67,200 4 
cu.  yd. 153,700 3.5 
boring 

& tests 13 1,02b 
acre 31 1,300 

2 15,000 

800 2b 

32 115 

72,bÜU 

sq. yd. 115,600 
cu. yd. 7.00U 

each 25 

203,800 

3U.5UÜ 
234,300 

3.5 

5 
4 

850 

15 
4 

90.UÜJ 
303,000 
269,UUU 
538,000 

13,000 
40,000 

1,253,000 

30,OuO 
25,000 
20,000 
00,000 
4,000 

254,000 

413,000 

578,000 
28,000 
21,000 

1,019,000 

458,000 
937,000 

3,041,000 

16,285,000 

7^0,000 

21,742,000 
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Table 111-14. uetaileo Cost tstimates tor Alternative C, Out-of-Basin Diversion am 
Kemoval of Contaminated Sediments (Continued, Page 4) 

Description Unit 
No. of 
Units 

Unit 
Cost (S) 

Estimated 
Cost ($) 

-c{)%  Contingency 
-15% Engineering Uesign, Supervision 
and Administrative Costs 

TOTAL FOK URAOLIIME DKtDüiUO OPTION 

(j) Permanent Disposal7 

(Closure of TDMUA as Landfill) 
(k) Cultural Kesources activities 

Operation and Maintenance Costs 

(a) TDMÜA Long-Tenn Maintenance 
(b) Monitoring 

-Disposal Site Monitoring 
-Areawide Monitoring 

TUTAL COST OF PROJECT 

-All Hydraulic Dredging 

-With Uragline Option 

4,3<W,000 

3,2ol,UOU 

29,352,00u 

.s. ___ ... 
6,235,000 
1,400,000 

yr 30 50,000 l,bOU,000 

yr 
30 
4 

50,0u0 
bOO.OOO 

1,500,000 
2,000,000 

122,246,000 

127,395, 

Icosts snown are a summary of  the projected  least-cost  alignment,  which  includes  sectors 
,A-1, b, C-i, D-i, and E (see Figure 111-17). 
^Includes contingency and engineering costs. 
3TDMDA costs are itemized in Table 111-11, part (a). 
^Critical overbank removal costs are summarized in Table 111-l.i, part (o). 
^Hydraulic dredging costs are itemized in Table 111-11, part (c). 
bThis cost is adjusted for deleting the dredging of Hi>b Miles 2.4 to 5.6. 
'Permanent disposal costs are itemized in Table 111—11» part (f). 
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Table 111-15.    Lost Sumriary for Alternative L  (As Detailed   in Table  ln-1-o 

Dredging Method(s) Total  tstimated tost 
Utilizea (Millions of Dollars; 

Mil  hyaraulic  Ureayiny 122.25 

Dragline Uredyiny between 
HSb Miles <^.4 arid b.b, 
kemainder hydraulically 
Uredyed U7.4U 

Estimated Effect of other Options on Cost Estimate (Millions of Dollars) 

-Implement Koncritical Overoank Kemoval option  in Reach n     + 14.57 
-Delete  Laroon Adsorption  rrom Return  ^ater 

Freatment System -    4.1b 
-Implement Mine Disposal +   is.Ua 
(Including Disposal   of (jverbank  oedimerits) + 4j.37 

-Delete hydraulic  uredyiny  ot   keac'n  (J -   17.9a 
-Delete Hyaraul.c  Uredyiny  ot   reaches  b and C -   2b.^3 
-use alternate Sector Koutings  to Keep Diversion 

within RS«  boundaries  (i.e.,   sectors «-2,   b, 
£-2,  U-2,  ana t) +    b.22* 

*Lost   increase   is  attributea   almost entirely  to  trie increased  amount  ot 
bedrock expected  to be encountered aunny excavation cf  trie channel. 
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Table Iil-lb. tstimatea Annual txpenaitures - alternative C 

Estimated nnnual Expenditures (i'iillions of upllars-1980) 
Year After       wittiout (uncritical     With ;«oncnticai 
btart Time       Uverbank Mitigation    UverbanK Mitigation 

1 5.2 b.U 

2 5.2 b.U 

3 13.8 12.Ü 

4 19.8 17.6 

5 38.1 38.1 

b 13.1 13.9 

7 9.7 16.3 

8 4.8 4.8 

9 3.2 3.2 

1U 4.4 4.<* 

li-14 O.b 0.6 

15-4Ü Ü.l U.l 

Average Annual  txpenditure, 
1980 Dollars (assuming an 
interest  •'ate of 7.125% 
and  a project  life of 
5U years): 8.71 lu.09 
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Table 111-17. Detailed Cost Estimates for Alternative D, Out-of-sasin Diversion and 
Containment of Contaminated Sediments 

Description Unit 
No. of 
Units 

Unit 
Cost ($: 

Estimate 
Cost ($) 

(a) Out-of-basin Diversion! 

(D) uike and Drainage Channel 
for Diverting Runoff from 
basins N and M Around 
Containment hrea^ 

(c) Snagging HSb and IC Channel 

(d) TDMDA Construction and 
Operating Costs-* 

(e) hydraulic Dredging from HSb 
Mile 2.4 to IC Mile u.U4 

(f) Pumping Station-* 

(g) Covering Channel Sediments 
between HSB i-iiles 2.4 and b.b 

-hauling Cover Material from 
Uut-of-basin Diversion 
-Placement and Compaction of 

over Material 
,eeding, Mulching, Fertilizing 
Cover 

SUbTDTAL 

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

TOTAL 

(h) Covering Critical Overbank 

-Additional Sediment Sampling 

-Clearing and bruoning 
-Hauling Cover Material from 
Out-of-basin Diversion 
-Placement and Compaction of 
Cover Material 
-Seeding, nulching, Fertilizing 

Cover 

SUBTOTAL 
-20% Contingency 
-lb'/'. Engineering Design, Supervision, 
and Administrative ^osts 

TOTAL 

49,625,000 

l,b92,O0Ü 

b,704,ÜU0 

24,008,000 

22,995,CPU 

556,000 

cu.   yd. 228,000 4 912,Ouu 

cu.  yd. 228,000 3.5 798,000 

acre 47 1,300 

1 

2 

61,UGu 

,771,000 

354,ÜUÜ 

26b,UuO 

,391,000 

L.S.   — 100,000 

acre 75 2.5UO 188,000 

cu.  yd. 243,300 4 973,000 

cu.  yd. 243,300 3.5 8b2,000 

acre 75 1,300 

2 

2 

98,0u0 

,211,000 
442,000 

332,000 
,98b,000 
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Tdule UI-17, uetailea Cost tstimates for Alternative L), Out-of-basin Diversion ana 
Loritainiiien*. of Contaminated Sediments (Continued, Page 2) 

uescription Unit 
NO. Of 
Onits 

Unit 
Cost ($) 

Lstimatea 
Cost (J) 

(i) Option For Itoncritical Overbank Covering 

•clearing and OruDOing acre 
-Hauling Cover Material From 
Out-of-dasin Diversion cu. yd. 
-Placement ana Compaction of 
Cover Material cu. yd. 
-Seeding, Mulcning, Fertilizing 
Cover acre 

SOBTOTAL 

-^0% Contingency 
-15% Engineering Design, Supervision, 
and Administrative Costs 

TO'I'AL 

(j) Permanent Disposal of Dredged 
Material in TDI-IOA

0 

(<) Cultural Resources Activities 

Operation ana Maintenance Costs 

(a) TDFIDM Long-lerm Maintenance 
(b) Pumping Station Long-Term 

Maintenance 
(c) Monitoring 
-Disposal Site Monitoring 
-areawide Monitoring 

TOT«'. COST OF PROJECT 
(Excluding Overbank Covering Option) 
(including Overbank Covering Option) 

L.S. 

y 

y 

yr 

182 

5b7,000 

567,000 

lb2 

2,500 

4 

3.5 

1,300 

455,000 

2,348,000 

2,055,000 

237,000 

5,O95,u00 

1,019,000 

764,000 

6,878,000 

--   
6,235,000 
1,400,000 

30 50,000 1,500, 

30 10,000 300.O0L 

30 
4 

50,000 
500,000 

1,500,000 
2,000,000 

122,893,000 
129.771.u00 

Isee Table 111-14,  parts (a)_(d) for  itemized costs of out-of-basin diversion. 
^Itemized  costs  appear   in Table  111-14,   part  (i)(i). 
^TDMDA costs  are   itemized   in Table  111-11,   part  (a). 
^Total   nyaraulic dredging  costs  are  summarized   in Table  III-ll,   part  (c). 
^bee Table  111-14,   part  (i)(ii)  for  itemized  pumping  station costs. 
bSee Table  III-ll,  part  (f)  for  itemized permanent disposal  costs. 
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Table 111-lB. Lost Summary for Alternative U (MS Detailea in Table 111-17; 

Areal Extent of 
Cover application 

Within Containment 
Total Estimated Cost 
(Mi 11 ioiis of uol lars) 

channel anc Critical Uverbank Only 

Channel ana Entire uverbank 

122.«9 

129.11 

Estimates Effect of Utner Options on Cost Estimate (Millions Of' Dollars,' 

•delete Carbon Adsorption From keturn Water 
Treatment System - 4.lb 

•Implement ('•line uisposal + 12.4U 
•uelete Hydraulic ureaging of Keach C - 29.02 
-Uelete Hydraulic Dredging of keaches b arid C - 40.63 
•Use Alternate Sector koutings  to Keep Diversion Within 

kSM  Boundaries + ts.22 
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Table Iil-ly. tstimateu Annual Expenditures - alternative Ü 

Estimated annual Expenditures (Millions of uollars-19Bü 
Year after       kitnout i\oncritical     kitn Noncritical 
Start Time       Overbank Mitigation    Overbank Mitigation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

IU 

15-4Ü 

5.3 

5.3 

11.7 

17.7 

44.6 

14.8 

9.b 

1.4 

5.1 

2.5 

Ü.b 

0.1 

b.7 

5.7 

11.9 

17.7 

42.1 

17.7 

15.0 

1.4 

5.1 

2,5 

ü.b 

0.1 

Average Annual Expenditure, 
1980 Uollars (assuming an 
interest rate of 7.125% 
and a project life of 
50 years): 8.90 9.55 
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discussed in Section 9.3.3 of this appendix. Under this alternative, 
drayline dredging will be limited to the contained area or the Hob 
channel between hSb Miles 4.0 and 5.b and will involve removal of 
approxirnateiy 82,500 cubic yards of channel sediments. 

9.b.4 Cost Estimates for Alternative E 

Mitigation of Cultural Resources Impact—An intensive survey of the 
ir.ipacted art;a would take 3 weeks and cost about $1D,000.  Subsequent 
testing ano excavation of National kegister eligible sites could taxe 
place in eight months at a cost of about $3bü,UUU. 

an intensive cultural resources survey should be made of tne dredgiriy 
impact area over an 8-week perioa at d cost of Sbu,000.  The cost and 
time tor testing and full scale excavation by professional archaeologists 
of all National Register eligible properties within this area  that cannot 
be avoided cannot be accurately estimati-a ac this time. Mt least 
lb months ana i/25,000 will be involved. 

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

will 

benera 1--Uetaileo cost  estimates   for alternative E are given  oelow  in 
Table  111-20.     Costs  of dredging  all   contaminated  sediments   in Reaches  M, 
b,   and C  (Figure  111 — 7 >  are   included   in  the  project  estimate,     A cost 
summary and   the  estimated  efrect  of  various  options on  the total   cost  &rk 
given   in Table  111-21.     The  time  base  tor   all   cost  estimates   is  l9fau. 
The estimated  implementation  timeline  and  annual  expenditures  for 
Alternative E  are given  in Figure 111-23 and Table 111-22,   respectively. 

9.6    ALTLRNATIVE F:     WITHIN-BASIH  DIVERSION  AND CONTAINMENT UF 
CONTAMINATED  StblMENTS 

9.6.1  Introduction 

Alternative F  utilizes  the within-basin diversion, containment  techniques 
to mitigate contamination upstream of HSb Mile 3.9,   ana  dredging  and 
disposal   of contaminated  sediments  below Mile 3.9.     lne  within-basin 
diversion  shown   in Figure  III-lb will   divert  flow  in hSb arouna  the  area 
of  heaviest OoTk contamination  and contain  that area within  a dike. 
Furtner  action will   be necessary to prevent  tht  transport  of UL/Tk when 
local   runoff   is  pumped  over  the  dike,   and   to  reduce  tne  potential   for 
bioavailabi1lty ana biotransport of exposeo UUTK. 

Application of  an  inert  cover to channel   .sediments will   provide  an ac- 
ceptable degree of   long-term,   in-place   isolation of DUTR.     The contain- 
ment oixe will   facilitate dewatering the channel   prior  to cover applica- 
tion and will   help  assure the  long-term  integrity of tne cover by  isolat- 
ing   it  from most  surface water flow.     Contamination  in hSB downstream 
from the diversion  and   in  IC will   be removeo by hydraulic  dredging.    An 
option   is  also presented  to  use  the diked contaminated  area for disposal 
of  dreogea  sediments. 
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Table IH-20. Detailed Cost Estimates for Alternative E, wittim-basin inversion and 
kemoval of Contaminated Sediments 

Description Unit 
ho. of 
Units 

Unit 
Cost ($) 

Estimateo 
Cost ($) 

(a) Within-basin Diversion and 
Diversion/Containment Dike 

-Clearing and ürubbing 
-Channel Excavation (assuming 
no bedrock is encountered)1 

-Soil borings and Tests 

-Haul Fill From borrow Area for 
Dike Construction 

-Dike Construction 
-Channel for Draining Basin K 
-Relocate 30-in. kC Industrial 
Water Main 
-Pumpiny Station«? 
-Seeding, Mulching, Fertilizing 
Channel and Dike 

SUBTOTAL 

-20% Contingency 
-155*. Engineering, Legal, and 
Administrative Costs 

TOTAL FOk UITHlN-bASIN DIVEkSlUN 

(b) Snagginy Hbb and 1C Channels 

(c) TDMDA Construction and Operation^ 

(a) Critical Overbank Removal^ 

(e) Hydraulic Dredging of HSB and IC 
Channels$ 

(f) Option for Dragline Dredging 
between HSB Miles 4.0 and b.6 

(i) Dragline Dredging Costs 

-Access Koad 
-Clearing and Construction 
-Culverts and Installation 

-Dragline Dredging Sediments 
-Areas within boom Reach of Shore 
-Areas Dredged from Mats or  Fill 

-Hauling Sediments to TDMüA 
-Hydraulic Uredging from HSb Mile 
4.0 to IC Mile O.O6 

-Dredge Monitoring 

SUbTOTAL 

-20% Contingency 
-lb% Engineering uesign, Supervision, 
and Administrative Costs 

acre 

cu. yd. 
1 boring 
& tests 

cu. yd. 
cu. yd. 
cu.  yd. 

ft. 
L.S. 

acre 

222 

1,177,500 

45 

559,0U0 
1,736,500 

52,8U0 

750 

241 

2.5UO 

3.5 

1,026 

4 
3.5 
3.5 

8 

1,300 

5s5,ÜUU 

4,121,U0U 

46,000 

2,236,UOU 
b,078,000 

lbs,000 

6.ÜÜU 
o20,000 

313,000 

13,540,000 

2,708,000 

2,031,1. . 

18,279,000 

5,704,1)00 

2 '>, 008,000 

b,U7l,QUO 

24,203,000 

sq. yd. 
each 

44,000 
12 

5 
850 

220,000 
10,000 

cu.  yd. 
cu. yd. 
cu.  yd. 

82,500 
0 

82,500 

5 
15 

4 

413,000 
0 

330,000 

16,769,000 

L.S. 75Ü.OOU 

18,492, 

3,928,000 

2,77<»,Ooü 
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Table 111-Zu. Detailed Cost Estimates for Alternative t, Within-Basin Diversion ana 
Removal of Lontaminateo Sediments (Continued, Page 2) 

Description Unit 
No. of 
Units 

Unit 
Cost ($] 

£stima'- <a 
Lost ( i) 

TUTHL FUK ükAGLir£ UktDblNü 

(9) Permanent Disposal in TDi^DM' 

tn) Cultural Resources Activities 

Uperation and haintenance Costs 

(a) TDflDA Long-Term Maintenance 
(b) Monitoring 

-Disposal  Site Monitoring 
-Mreawide Monitoring 

TUTrtl  COST  UF  HKuJtCT 
-All  Hydraulic  Dreogmg 
-With Dragline 'Jption 

L.b. 

yr 

y 
yr 

24,i«>4,0u0 

0,235,000 
— — 1,170.000 

30 oO,ÜUU l,b00,üuü 

3U 5U.000 l,5üu,üou 
4 bUÜ.UUU Z,OUO,000 

90,670,000 
*1,431.000 

^Suitable excavated channel material to be used for dike construction. 
2See Table 111-14, part (i)lii) for itemized costs of pumping station. 
3;>ee Table 111-11, part (a) for itemized TDMDA costs. 
^See Table lli-li, part (d) for itemized critical overbank removal costs. 
See Table 111-11, part (c) for itemized hydraulic dredging costs, 
lost shown is adjusted for Deleting the dredging of HSB niles 4.0 to b.b. 
'bee Table Iil-ll, part (e) for itemized permanent disposal costs. 
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Table 111-21, Cost Summary for Alternative E (As Detailed in TaDle Ill-ku) 

Dredging Metnod(s) Total Estimated Cost 
utilized (hi 11 ions of uollars) 

All Hyaraulic Dredging 90.b7 

Dragline Dredging between 
Hbb Miles Ü.4 and b.b, 
Remainder Hyaraulically 
Dreoyea 91.43 

Estimated Effect of Other Uptions on Cost Estimate (Millions of Dollars): 

-Implement Noncritical Uverbank Removal Option in Reach M  + 14.57 
-Delete CarDon Adsorption From Return water 

Treatment System - <+.16 
-Implement Mine Disposal + lb.bl 
(Including Disposal of Overbank Seaiinents) + 43.37 

-Delete Hydraulic Dredging of Keacn C - 29.02 
-Delete Hydraulic Dredging ot Reaches b and C           - 40.63 
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Table IIi-22. Estimated Annual Expenditures - Alternative E 

Estimated Annual Expenditures (Millions of Dollars-1980) 
Year After       Without Noncritical     With Noncritical 
Start Time       Uverbank Mitigation    Uverbank Mitigation 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11-14 

15-40 

3.8 

3.8 

b.l 

13.1 

3i.Ü 

11.1 

8.3 

1.4 

5.1 

1.8 

U.b 

0.1 

4.6 

4.6 

6.5 

13.1 

26.6 

12.5 

10.2 

1.4 

b.l 

1.8 

0.6 

0.1 

Average Annual  Expenditure, 
1980 Dollars  (assuming an 
interest rate of 7.125% 
and a project  life of 
50 years): 6.39 7.7b 
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9.6.2 WUhin-basin Diversion 

The withlri-basin diversion  is discussed  in Section 5.U of this Appendix. 

9.6.3 Containment Methods 

In-Place Coyer--Containment Dy covering contaminated  sediments with 
excavated clay is discussed  in Section b.3.2 of this Appenoix. 

Use of the Containment Area as a Disposal  Site hor Dredged material--One 
acioitional  containment option  is proposed,  that of using the oikeo 
containment  area of the witnin-Dasin diversion  as  a disposal   area for 
sediments  dredgea from the HSb and  IC.    This  approach would cover highly 
contaminated sediments  in  the containment  area witn  less contaminated 
dredged  sediments.    Though this  alternative could theoretically be 
implementea with either the out-of-basin or the within-basin diversions, 
it  is proposed only for the  latter due to the much  lower construction 
costs of that diversion. 

Disposal   site design, construction,  and  operation would be similar to 
that described for the TDhDA in Section  3.3, with the site plan 
modification  illustrated  in cigure 111-20.    Clearing  and  grubbing of the 
entire area within the containment aike would  be required.     The primary 
containment  area must be graded  to  an  approximately  level  elevation, 
filling the HSB channel   in the process.    Contaminated material  grubbi 
from the site would be disposed of  in  the  low (formerly ponded) area 
adjacent to the primary containment  area (see Figure 111-24).    Water  from 
the grubbing disposal   area would be discharged to tue equalization basin 
by pump. 

)bed 

The total   primary containment  area is  approximately 140 acres  and will 
accommodate the unconsol idated dredgea material   at. an  average  final  deptn 
of 8.1 feet.    Design crest elevation of the  interior dikes  allows  for  a 
minimum 2 feet ponded depth and 2 feet of freeboard.    Approximately 
228,ODU 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 
oewatertng that can be attained at the site prior  to construction.     Ir 
the water table within  the containment  area remains  too high to  allow the 
1 foot cut, off-site borrow material  will  have to be used for  interior 
dike construction. 

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

Implementation of this alternative will  be dependent  on the  availability 
of suitable fill  for construction of the dikes  aiw the  final  cover, 
borrow requirements are approximately as  follows: 

Diversion/Containment Dike 
(This yardage is required  in 

606,000 cubic yards 
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excess of that excavated from trie 
within Dasin diversion channel.) 
Interior Uikes 228,000 cubic  yaras 
Final  Cover l,0b0,000 cubic yards 

TOTAL 1,«64,000 cuoic yards 

The total  cost of this  alternative will   be reduced consicerooly  if as 
much of this  fill   as  possible can be cbtav ed  on-site.    Tne closest 
apparent  source of  borrow  is the hills  to  .he nortn of the containment 
area.    This  area is reported to contain  former sanitary landfills  and 
other RSA wastes,  and  has  been  tentatively designated by RSA officials as 
unsuitable  for borrow,     txtensive boring  of  this  area   is  recommended   in 
oroer to reconsider  its  suitability 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    Uredging and Disposal 

Contaminated  sediments downstream from the containment  area would  be 
hydraulically dredged  as discussed  in Section  3.Ü. 

y.6.5    Cost Estimates for Alternative F 

Mitigation of Cultural  Resources  Impact--An  intensive survey of the 
impacted  area by tne diversion woulu take 3 weeKs  and  cost  about 
$ib,UUU.    Subsequent testing  and excavation of National  kegister eligible 
sites could  take p]ace  in eight ronths at  a cost  of  about $35u,U0u. 

An  intensive cultural  resources  survey should  be made of the dreaging 
impact  area over  an 8 week period  at  a cost of S8U,UUU.     The cost  and 
time for testing  and ^ull  scale excavation by professional  archaeologists 
of all National  Register eligible properties within this area that cannot 
oe avoided cannot  be  accurately estimated  at this time.    At  least 
lb months  and S72b,000 will  be  involved. 

Total  cultural  resources  activities  associated with this  alternative will 
take approximately 2.b years  at an estimated cost of $l,17ü,UDO. 

faeneral—Oetai leg cost  estimates for Alternative F  are shown below in 
Table  III-23.    Costs of dredging all  contaminated  sediments  in Reaches A, 
b,  and C (Figure II1-7)  are  included  in the estimate.    Estimates for the 
option  to  use  the within-basin diversion containment  area as  a dredged 
material  disposal   site are Daseo 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 I960.    The 
estimated  implementation timeline and annual  expenditures  for Alternative 
F  are given  in Figure Ill-2b,  and Table  111-25,  respectively. 
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Table 111-23. Detailed Cost tstimates  for Alternative f-,  uitnin-basin Diversion  ana 
Containment of Contaminated Sediments 

Description Unit 
No.  of 
Units 

Unit 
Cost  UJ 

tst imateu 
Cost ($) 

U)  Using TUHUA 

(a)  wittiin-Basin Diversion  and 
Diversion/Containment  Dike* 

(0)  bnaggin<j hSB anu  1C Cnannels 

(c) TDMOA Construction ana 
Operation*1 

(d) Hydraulic Dredging from hbb 
i'iile 4.0 to IC Nile u.O3 

(e) Covering Channel  Sediments 
between HSb Wiles 4.u and 5.6 

-hauling Cover Material   from 
Out-of-basin Diversion 

-Placement and Compaction of Cover 
Material 

-Seeding,  Mulching,  Fertilizing 
Cover 

SUBTUTAL 

.0% Contingency 
-15% Engineering,  Legal,   ana 
Administrative Costs 

TOTAL 

(t) Covering of Critical Overbank^ 

(g) Option for uoncritical Overbank Covering 

-Clearing and Grubbing 
-Hauling Cover Material from Off-Site 
Borrow Area 

-Placement and Compact ion of Cover 
Material 
-Seeding, Mulching, Fertilizing 
Cover 

SUbTOTAL 

-20% Contingency 
-15% Engineering,  Legal,  ano 

---•rtdiüifiistrative Costs 

TOTAL 

(g) Permanent Disposal of Dredged 
Material in TOMUA^ 

SUBTOTAL US I NO TDMDA 
(Excluding Overbank Covering Option) 

18,279,0' j 

5,704,000 

24,006,000 

^3,648,000 

cu.  ya. 94,500 4 378,OOO 

cu. yd. 94,500 3.5 331,OoO 

acre 17 50 22,00u 

73l,uOO 

146,000 

110,000 

987,000 

2,965,000 

iny 

acre lbO 2,500 400,OuO 

cu.  yc 51b,300 <* 2,Oo5,uOo 

cu. yd. 51b,300 J.5 1.8U7.0O0 

acre 160 1,300 208,OOu 

4,480,000 

896,000 

672,000 

b,048,000 

6,235,000 

79,946,000 
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Table Iü-2J. Detailed Cost Estimates for Alternative K, Within-basin Jiversion ana 
Lontainment of Contaminated Sediments (Continued, Page 2) 

Description Unit 
No. of 
Units 

Unit 
Cost (*) 

Estimated 
Cost ($) 

(2) Option to Use Containment Area 
for Dreuged Material Disposal 

(a) Within-basin Diversion ana 
Diversion/Containment Dike 

(b) Snagging HSB and IC Channels 
(Adjusted for Deleting HSb Miles 
4.0-5.6) 

(c) Disposal Site Preparation 

-Site Acquisition 
-Soil borings and Testing 

-Clearing and Grubbing 
-Site Grading 
-Dike Construction (Assuming 
Off-Site borrow Material) 

-48-in. Pipe Weirs, Purchase 
and Install 

-Groundwater Monitoring System 
-Leachate Monitoring System 
-keturn Water Treatment System 
-Earthern Clarification basin 
(For Abo.e System) 

-Fencing 
-Access Koad (1800 ft. x 40 ft.) 

SUBTOTAL 

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

TOTAL 

(d) Disposal Site Operating Cost 

(e) Hydraulic Dredging, M5b Mile 
4.0 to IC Mile 0.06 

(f) Disposal Site Closure 

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

-Seeding, Mulching, Fertilizing 
Site 

SUBTOTAL 

18,279,000 

5,294,000 

1 boring 
& tests 

acre 
sq.  yd. 

20 
325 

1,573,000 

1 
2 

,026 
,5U0 

1.5 

21.0U0 
813,000 

2,3o0,u00 

cu.  yd. 223,000 7.5 1,673,000 

each 
1  50-ft.  Well 

ft. 
L.S. 

lb 
a 

2,000 

b ,500 
600 

12 

83,000 
5 ' '•> 

24, 
6,000,00 

L.S. 
ft. 

sq.  yd. 
16,400 
8,000 

12 
5 

74,000 
197,000 
40,000 

11,290,000 

2,258,000 

1,694,000 

15,242,000 

7,676,000 

21,019,000 

sq.   yd. 1,573,000 1.5 2,360,000 

cu.   yd. 1,048,700 7.5 7,865,000 

acre 325 1 ,300 •t23,0OU 

10,648.r  M 
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Table 111-26.    Detailed Cost Estimates for Alternative F, toitnin-Basin Diversion and 
Containment of Contaminated Sediments (Continued, Page 3) 

Description Unit 

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

TuTAL 

SUBTOTAL FUR ALTEKNATIVE lu USE CONTAINMENT AREA 

(3) Cultural Resources Activities       L.S. 

Operation and Maintenance Costs 

(a) Disposal Site Long-Term 
Maintenance Costs yr 

(D) Pumping Station Long-Term 
Maintenance Costs yr 

(c) Monitoring 

-Disposal Site Monitoring yr 
-AreaWide Monitoring yr 

TOTAL COST USING TDl'lUA 
(Excluding Noncritical Uverbank Covering Option) 
(Including Noncritical Uverbank Covering Option) 
TUTAL COST FÜR ALTEkNATiVE USlNli CONTAINMENT ARE 

*See Table 111-20, part (a) for itemized wHhin-basin diversion costs, 
^bee Table III-ll, part (a) for itemized TDMDA costs. 
^See Table III-ll, part (c) for itemized hydraulic dredging costs. 
'•See Table 111-17, part (h) for itemized critical overbank covering costs. 
^See Table III-ll, part (f) for itemized permanent disposal costs. 
&This dredging cost is adjusted for deleting 2  booster pumps and the shorter pumping 

distance required. 

No. of      Unit 
Units    Cost (S) 

tstimafed 
Cost (S) 

2,130,0UÜ 

1,597,000 

14,375,000 

AS DISPUSAL SITE 81,885,000 

1,170,000 

30    50,000 1,500,000 

30    10,000 300,000 

30    50,000 
4   500,0U0 

1,500,000 
2,000,000 

A AS DISPOSAL SITE 

88,316,000 
94,364,000 
88,355,000 
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Table IÜ-Ü4. Cost bumi.iery for Alternative r' (As Detailed in Table 111-23) 

Uisposal Option 
Implemented 

Total Estimated Cost 
(Mi 11 ions uf DollarsJ 

Use TUHUA 
-excluding overbank covering option 
-including overbank covering option 

Use Within-basin uiversion Containment 
Area for uisposal Area 

8a.3k! 
y^.3b 

88.3b 

Estimated tffect of üther Options on Cost Estimate (Millions of Dollars): 

-uelete Carbon Aasorption From Return Water 
Treatment System 

-Implement Mine uisposal 
-üelete Hydraulic Ureaging of Keach C 
-Uelete Hydraulic ureaging of Reaches ü  ana C 
-Obtain On-Site borrow Material for Construction and 

Closure of Uisposal bite Within the Containment Area 
(buitability must be determined) 

4.1b 
lt.00 
29. U2 
4U.D3 

b.u9 

I 
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Faule Iii-25. Estimated Annual Expenditures - Alternative F 

i>U'rt Time 

Estimated annual Expenditures Using witnin-Basin 
Uiversion Containment nrea for Disposal 

(Millions of Uo11ars-1989) 

1 3.9 

2 3.9 

3 5.9 

4 8.3 

5 8.2 

6 20.2 

7 12.0 

8 5.5 

9 3.5 

10 11.0 

11-14 U.b 

15-40 u.l 

average Annua 
1980 uollars 
interest rate 

1  Expenditure, 
assuming  an 
of  7.12b% 

and  a project 
bO years): 

life of 
6.50 
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iü.ü CÜITüKAL KESUUKCtS IMPACTS 

10.1  INTRODUCTION 

Five alternative techniques are under consideration for containment or 
isolation of UÜTK containments in huntsville Spring branch (hSb). These 
engineering alternatives can be simplifiea with respect to cultural 
resources. Archaeological sites L>y their nature occupy specific 
geographic areas, and the methoa whereDy they are disturbed be it oy 
oredge or dragline, does not matter. What does matter is the fact of the 
oisruption.  In considering the alternatives forar gee-jr-apjiit-areas-iiudcs- — 
consideration can be evalua*.ed separately. The alternatives can then be 
evaluated according to the geographic areas that will be altered. The 
four geographic areas are: 

1) Contaminated Area (Areas A-C, Figure 111-26) 

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

2) Dredged Material Disposal Sites (Areas D and E, Figure 111-26) 

The primary dredge maU-Mal disposal site (TÜMDA) is located on the 
Arsenal northeast of tne junction of Redstone Road and Patton Road. The 
alternate disposal s:te (Alt TüMüA) is located just east of the Arsenal 
and soutn of Redstone koad. 

3) Out-of-basin Diversion Corridor (Area F, Figure 111-26) 

The channel will tj located along the Redstone Arsenal boundary diverting 
the flow of McDonald Creek and Huntsville Spring branch to the Tennessee 
River. 

4) Within basin Diversion Channel and Containment Dike (Figure 111-27) 

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

10.2 IMPACTS BY ARtA 

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

10.2.3 Uut-of-basin Uivtrsion Corrloor (Area F, Figure III-26) 

This requires the construction of a  diversion cnannel to oivert the t'loi» 
of HSu and McDonald Creek awäy fron the contaminated area (figure 111-26, 
Mrea I-). This channel will intersect HSÜ ano MCUOnald Creek at some 
point above the contaminated area  and will divert them into the Tennessee 
River. 

Ten archaeological sites fall directly within tne impact zone. These 
include sites lMa33/5Ü, 133, 14U, 141, 157, 158, 15lJ, lb^, üUy, and 218. 
ftn additional tour sites lie in close proximity to the corridor, and any 
of them might be affected Dy construction. The^e sites include lMal52, 
15b, 21u, and 217. 

Two sets or alternate alignments nave  been suggested, in tne northern 
portion of the route, the diversion canal would intersect nib at one of 
two locations. The easternmost alternative would impact site lMa209, 
while the western alternative would impact site lMaib2. These are the 
only two sites Known to occur along tnese alternate sections. 

To tne south, two alternate routes have been suggested for bypassing 
bate 3 at the Arsenal. The easternmost alternative would pass very close 
to site lMa2l8, while the westernmost route would pass rather close to 
site lr-ial52. 

Sites likely to be impacted which appear to oe of National Register 
significance include lMa33/S0, 133, 14Ü, 141, 15o, 162, 2U9, and 210. 

The proposed route passes through both the Upland and the Tennessee Kiver 
Settlement Zones. Consequently, this route has the maximum potential for 
impacting every  type of site known in the region. MISO, it is probable 
that additional, undiscovered sites lie within the corridor. This is 
especially true of areas adjacent to the boundary Canal where zones of 
ttowah silt loam or silty clay loam, Uecatur/Cumberland silty clay loam, 
Captina and Capshaw loams, Uoltewan silty loam, Linside silty clay loam, 
or Allen fine sandy loam occur near the water,  in the northern portion 
of the corridor, additional limited activity sites and possibly base camp 
sites may occur.  It is, however, unlikely that additional mound or mound 
and village sites lie along this corridor within the Tennessee kiver 
Settlement Zone. 

More known archaeological sites occur within this proposed corridor 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 manner of sites is a direct 
consequence of the intensity of the survey. Additional investigations 
along other alignments would doubtless even tne numbers. 
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In conjunction with trie out-of-basin diversion  route  there will   oe  flood 
control   levees  (Figure IIl-2o,  Area ti)  which will   prevent  storm flows 
from utilizing  tne uriginal,  contaminatea  stream bed.     This  uroposea   area 
encompasses two Known  archaeological   sites,  iMal27 and 134.     l.onscruction 
of the uiversion dike and  tne elevation of Patton Koaa will   affect  a 
sizeable  area  in the vicinity of nbts,   it  is quite possiDle that 
additional,  undiscovered  archaeological   sites  will   ne  impactea.     Tnere  is 
a hign probability for botn  limited  activity sites  and «rcnaic or 
woodland  base camps  in trie construction  zone. 

1U.2.4    within-basin uiversion Channel   anu Containment  Pike 
(Figure iII-2/; 

Only one presently known archaeological   site  lies   in trie  zone of 
potential   impact (Figure 111-27).    This  site  is lfoal34,  a small   lithic 
scatter,    although site L«ialJ4 is  tne only site  located directly within 
the proposed construction zone,  six  sites exist   in close  proximity to the 
channel   or containment  dike.    Tnese sites   include  lMal07,  118,  119,   12U, 
121,  and  127. 

Trie within-basin diversion  aspect would  impact  a significantly smaller 
area than tne out-ot-basin diversion.    Accordingly,  tne potential   for 
damage to archaeological   sites   is  reduced.    MISO,  tnis  plan would not 
impact sites  in the Tennessee River Settlement Zone,  tnus  reducing the 
probability of encountering  large mound or mound  and  village sites  of  the 
woodland  ano Mississippian periods. 

Most  OT   the  sites  presently known   in  this corridor  consist  of: 
i)   limited  activity sites,  and 2) historic  nouse sites  located on rioge 
crests or  lower ridge slopes  along the  northwest  snore of  HSb.    nowever, 
numerous zones of fctowah  silt  loam or silty clay  loam,  captina and 
Capshaw silt  loams,  and Coltewah silt  loai'i occur near the  south  shore of 
HSb  .    These  locales  are niyhly prooable  locations  for premstoric  sites, 
particularly Mrcnaic  and woodland   limited activity sites,  and  possibly 
base camp sites,    other  likely  locations for prehistoric  sites  are 
elevated knolls of Etowan  and Captma-Capshaw soils  in tne vicinity of an 
old  oxbcw on the eastern margin of the  impact  area. 

The proceeding geograpmc  areas can be  associated with the five 
engineering  alternatives.    As displayed  in Table lll-Zb,  Column  1, 
geographic  areas   listed  in Column 2 witn  site  information  in Column 34bo. 

iU.3    hITIbATION BY  AREA 

based on the results of our  investigations,  tne significance of each  site 
was evaluated  in terms of criteria for eligibility for   listing  in tne 
National  Register of Historic Places.     In making our evaluations, we 
reliea upon these and other criteria listed  in tne guidelines published 
in  the Advisory Council's Procedures  tor  tne Protection of Historic   and 
Cultural   Properties  (36CFR 80U.10).    Although  the specific  details vary 
for each site,  the evaluations  are of two general   types:    either   a site 
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is deemed significant, and, therefore, eligible for listing in the 
Kegister, or it is not. 

It a site nas been subjected to testing and a background researcn, ana is 
consiaerea not to be eligible tor the Register, tuen nu aaaitional 
archaeological work is warranted, un tne other nand, it a site appears 
significant in terms of the guiuelines noted above, further worK or 
mitigation is in oruer. 

In specific terns, tne recommendations fall into four categories, two in 
which no additional action is sugyested, and two in wnich niitigative 
measures are  deemed appropriate, no  additional work is recommended at: 

(1) recent historic  sites, 

(2) liyht  lithic  scatters without  integrity; 

ana mitigative measures  are  appropriate at: 

2. 

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

(2) sites with heavy artifact densities, wnere weatner prevented 
completion of all of our testing procedures. 

Historic sites that are fifty years of age or less are not eligible 
for inclusion in the National Kegister. These sites consist of 
standing structures of recent date, or artifact scatters of modern 
debris. Lven if some of these structures were actually cunstructed 
before 192y , they constitute a small element of a very widespread 
rural settlement pattern. Similar structures and sites ^re to be 
found over a large portion of northern Alabama, and it would be 
extremely difficult to argue that the sites are o< significance in 
terms of being unique, or offering the possibility of advancing 
scientific knowledge. 

Light scatters of very low artifact density dre found in profusion in 
the Tennessee kiver Valley. Although such sites formed part of a 
more complex settlement system, and deserve thorough study, present 
archaeological techniques for dealing witn low-oensity, shallow sites 
are poorly developed, buch sites are most commonly found in plowed 
fields, where discovery is enhancea by tne disturbance, but while 
aiding discovery, the cultivation also destroys site integrity, ueet 
deposits, such as pits or postmolds, may survive below the plowzone 
at these sites, and our testing procedures were designed to locate 
such undisturbed deposits, but, at sites where testiny tailed to 
reveal evidence 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, hut, 
at small sites, the systematic collection intervals along tne radial 
transects provide an adequate sample of site contents. In Such 
cases, we oo not feel that additional investigations woula ne 
productive, given present archaeological techniques. 
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3. Sites considered eligiüle for listing in the National Kegister of 
Historic Places require protection. Prehistoric sites, at which 
intact aeposits are foind offer an excellent opportunity to advance 
the knowledge of prehistoric cultural development in the Tennessee 
River Valley. Also, each site must be sufficiently unique, within 
rhe project corridor, that it would not be possible to group them, 
and recommend a single sample for listing in the Register. 

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

10.3.1 Contaminated Area (Areas a-C, Figure 111-26) 

Dredging of contaminated materials from this area is potentially the most 
significant engineering aspect of the entire project. Dredging will 
involve direct impact to an extremely large number of high probability 
locations along the shore of the streams.  In addition 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 *ay  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 tnat many would have been submerged in the 
Reservoir. Thus, the dredging 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. 

MS road and dredging corridors are agreed upon, an intensive fiela survey 
will be required to locate sites both previously recorded and new sites. 
Sites that will be impacted (there are  r.ine recorded to date) will 
require intensive excavations to determine their eligibility for 
inclusions in the National Kegister Category 3 in the above discussion. 
The amount of dredging activities will be a direct factor in the area 
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requiring survey or mitigation, A 5U% reduction in the dredyed area will 
product * similar reduction in the level of cultural resource impact and 
tiie need for survey mitigation. The most difficult aspect within this 
area will be location of significant sites inundated by the Wheeler 
Keservoir. Tnis will require an inovative sampling procedure to locate 
these now underwater sites. 

1U.3.2 Dredged Material Disposal Sites, (nreas D ^ L, Figure III-2ö) 

The primary disposal site location Aroa U has not been subjected to an 
intensive archaeological survey. At present one site is reported for the 
area and tnere is a strong possibility of additional sites within the 
proposed area. The or.e reported site 1MA127 will require evaluation, as 
will all sites recorded in the intensive survey. 

The alternative disposal site Area F has been surveyed in the northern 
section as part of the reconnaissance level survey. Three sites were 
located, all prehisotric lithic 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. 

1U.3.3 Üut-of-Basin Diversion Channel ana Uikes, (Areas F H, 
Fiyure 111-26] 

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 suojected to an intensive level of 
investigation, and will require additional work to fill these gaps. Mt 
present there are  eignt sites which appear to be of National Register 
significance, Category 3 and 4. Additionally, sites located during the 
intensive survey will require National Register evaluation. The amount 
of mitigation required for this are ss 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 recorded sites 
will require excavation to determine their National Register 
significance. 

1U.3.4 Within-Basin Diversion Channel and Containment Dike 
(figure (11-27)  

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 ana evaluated 
for National Register eligibility. The seventh site falls in the direct 
construction area and will require evaluation. 

III-139 REVISED APRIL 1984 



—"—— 

iO.4     INHALTS  flttU  MITlbATIoN  FOR  EACH  ALTERNATIVE 

based on the preceding evaluation a matrix Table III-üö has  oeen con- 
structed correlating engineering  alternatives witn geograpmc  areas, 
documented sites,  National  Register eligible sites,  potential  tor site 
location  and total  number of  sites  tnat wi11  be  impacted,    rirst  it can 
be noted that HSb Keacn A-b,  and  Indian CreeK Reacn C will   all   De 
impacted in all  the engineering alternatives.    Use of eitner of the two 
out-of-Dasin disposal   sites will   impact  relatively small   areas Out still 
with  a high probability for site  location,    uut-of-basin diversion  (o-l-) 
in degree of  impact  approaches that of  dredging.    (Jut-of-basir; aiversion 
occurs  in both  alternatives (.' and U.    AS a result  these two alternatives, 
from a cultural  resouce standpoi.it  are the most damaging.    Alternative L 
and F which  include witnin-basin aiversion are tne  least  damaying, 
particularly when Alternative r which  includes containment of contami- 
nated materials within-oasin.    The witnin-basin aiversion will  overlap 
some of the areas  requiring  survey in hrea A.    Finally,   it must  be noteo 
that none of tue areas  associated witn their particular alternatives have 
been completely surveyed.    The proceeding  information  is  all  deriveo  from 
the predictive site model  conducted  in the area of tne proposea diversion 
channel. 

li.o    ENVIRONMENTAL   IMPACTS ^  THE ALTERNATIVES 

il.l     INTRODUCTION 

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

11.2    UKtÜblnü  ANO  UISPOSML 

Dredgipg--The impacts of dredging and disposal can be characterized as 
being associated with (a) roao construction, (b) mechanical removal of 
sediments  and snag habitats,  and  (c) water quality degradation. 

Total  roaoway to  be constructed amounts  to about 63,3UU  linear  feet, or 
bb.7  acres.    Alnost 40 percent of this  acreage  is occupied by aquatic  or 
wetlana  Habitats;  specifically open water, buttonbush swamp,  bottomland 
hardwood  swamp,  ana flooaplain narawooa  forest.    These are  among the mos'. 
valuable of the site's habitats to wildlife,  by providing  fruit  ana mast 
for  autumn  and winter tooos.    wilalife species whicn may be directly 
affected Dy this   loss  are  turxey,  deer, opossum,  raccoon,  red  and  g"*ay 
fox,  squirrels,  ana otner rodents.    Many of tnese dre game species. 

approximately one-half of  the total   "edge" naoitat  along huntsville 
Spriny branch dnd  Indian Creek  oeti.^en Patton Road  ana  the Tennessee 
River will   be severely altered Dy  construction of  tne road.    Virtually 
dll  existing vegetation will  oe removed  to allow worxing room for the 
areoye.     Luring arecyiny operations,  "pioneer"  plant  species will 
colonize the uenuaed stream Dank,   m probdO\y  lesser aensities  tnan  tne 
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original native vegetation. This naoitat will receive some (mostly 
nocturnal) wildlife use.  if subsequently managea to allow natural 
vegetation to occupy the Dank, its present wildlife values will return 
over time.  If the banK is grassed and mowea, this will represent a 
long-term loss of valuaole habitat and wildlife, since it is a habitat 
for ootn uplana ana wetland plant species ana it receives more insolation 
than the floor t " .ne adjacent forests, and productivity ana density of 
tne edge haoitat's snrub ana hero layers is greater than in the forests. 
It is therefore useful to wetland and upland wildlife as a travel 
corridor, as resting cover, and as nesting ana feeding nabitat. another 
point of concern is that removal of much of the vegetation ano placement 
of a gravel roadway alongside of the stream will increase erosion along 
the stream channel due to a reduction of soil holding capacity. This 
could lead to increasea uuT exposure ana transport from contamination 
along this bank if üJT-contammated areas in the adjacent channel, bank 
or overoann are missed. 

Mechanical removal of 259 acres of sediments ana snags associated with 
UUTK removal will result in the loss of aufwucns communities, macroin- 
vertebrate populations, fish and wildlife habitat, ana perhaps some 
suDmerged vegetation. Aufwuchs communities, which consists of attached 
algae, bacteria, protozoa and fungi, organic detritus, silt, and clay, 
exist as a thin veneer whicn coats the light-receiving surfaces of 
submerged snags and sediments. Aufwuchs communities can have nigh 
productivities, higher than phytoplanKton or macropnyte communities. 
They may not be so important in the hignly-turbid stream system of this 
study, but since they were not sampled this cannot De statea with 
certainty. Aufwuchs communities also provide suitable haoitat for a 
variety of macroinvertebrates, and are  grazed oy certain ampnibian larvae 
and fish. These communities can be expected to become reestablished on 
the oenthic substrate following 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 
substrate, ßenthic macroinvertebrates exist in moderate to low densities 
within the affected streams, inag-dwel1ing macroinvertebrates were not 
quantified in this survey. Macroinvertebrates provide food sources for 
fish and other wi laufe species. The loss of snags from the stream 
system will have a long-term, detrimental effect on snag-dwelling 
macroinvertebrates. benthic macroinvertebrates, however, should 
recolonize within a year or two (Hirsen, et al_., 1978). Snags are among 
the most valuable of stream habitats to fTsh and wildlife, by  providing 
food (aufwuchs and macroinvertebrates), 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 üranen and Indian Creek stream system. 

The removal of contaminated organisms will result in the removal of some 
UUTK from the system; however, as pointed out in Appendix II, 
Section 3.3, the UUTK removed via organisms will be very small in 
relation to the total quantity in the system. 

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

The effect on aquatic plants of dredging in HSB and/or IC woula be very 
nominal since duckweed is the only vascular plant found to any extent. 
Duckweed has been shown to very rapidly adsorb DDT from surface films ana 
also from the water (Meeks, 19b8). Removal of contaminated sediments 
will reduce the burden of pesticide in this plant species. This is 
inportant 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. 

Dredging will De required at least in the approximately 2b acres of 
critical overbank area within Reach A in addition to dredging of the HSts 
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 DUTR in the HSB-1C system 
mdy be located in tnis relatively small area. 

Water quality will be degraded to some extent by turbidity ano by 
suspension of DUTR. 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 additional information on turbidity 
generation by dredging. 

In close proximity to the dredge, the plume will snade benthic macro- 
invertebrate and benthic aufwuchs communities, thus reducing produc- 
tivity. Phytoplankton will be affected less than Zooplankton and much 
"ess than benthic organisms by suspended UuTR, as snown by Hurlbert 
(197b), since the DÜIR will remain suspended for a relatively short 
period of time before it settles to the bottom again.  However, the Uul 
in solution could affect the phytoplankton since they can concentrate it 
over 1,000 times the water concentration (Hurloert, 1975). As noted in 
Section 5.6 of Appendix I, tnis may have an effect on growth morpnology 
and photosynthesis. Due to the snorter generation time of phytoplanKton, 
algal blooms could occur if the suspended DOT 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 DDTR-contaminated material may be left along the dredged channel. 
This material will affect benthic organisms recolonizing the bottom until 
covered with uncontaminated sediments. This effect should be less than 
that presently occurring. 
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If tne entire overban*  area within Reach A is dredgea, the environmen'.al 
; ipact woula be more extensive. Kemoval of all trees and plants Trom 
tins area would result ii. a large loss ot wildlife habitat, keveyetation 
ana recovery would be slow due to removal ot three teet or topsoil. 
There may also be a significant increase in suspended solids in 
hu'.:sville Spring branch due to erosion in tne area until such time tnat 
the over-pane, coulo. oe stabilized. 

Dredging cf contaminated sediments will require that the water level in 
wheeler Keservoir be lowered more rapidly than is presently aone, and 
tnat the water level be maintained a toot lower during the following 
summer if necessary, to facilitate dredging contaminated sediments from 
Indian Cree* and Huntsville Spring branch. Within the Tennessee kiver 
the reservoir's banks are relatively steep, so that lowering the level 
one foot should reduce the surface area  relatively little. Also, the 
biota present is already adapted to changing water levels. Therefore, 
the impacts of tnese water level manipulations should have little adverse 
effects on Tennessee kiver biota. These water level manipulations will 
affect tne backwater areas within the wheeler National wilolife kefuye 
(whiWkj to a greater extent. Since these oackwaters are  shallower, larger 
areas will become exposea in tne autumn and winter than would normally. 
These "mudflats" become quickly vegetated with rushes and other 
graminoias, and are  the main attraction to overwintering ducks and geese. 
Said water level lowering may therefore actually benefit these watertuwl 
(Atkeson, 1*80). fisheries production in the shallow bacKwaters shoulu 
De little-affecteo by  aroppiny the water level sooner ano more quickly. 
Maintaining tne water level a foot lower tne following spring and summer 
shoulü also cause little harm to fish populations, since there shoula be 
sufficient bacxwater shallows for spawning to occur (Hooper, 1980). 
Caution must oe taken not to raise the water level in the spring to 
Sbb feet msl and then to lower it back to Sb5 feet msl. This could 
result in stranainy ot spawning fish and nests, which woula be 
detrimental to ' ;sh populations. Mlso, for protection of bass fisheries 
productivity, the orawdown should be delayed until mid-uune, since 
bedding fisn could be trapped, and nests destroyea, by falling water 
levels. 

batnymetric data (Seawell, 1980) indicates that tne 1-foot temporary drop 
will reduce the reservoir surface area by about 2,190 acres from a total 
of 61,190 acres, a loss of 3.6 percent. The amount of fish spawning and 
nursery acreage was not detenninable 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 feet or less, the batnymetric 
data indicates there would be a loss of 380 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 it occurs for no more than two years 
(Hooper, 1980; Lawson, ly80). 

Two options are being considerea tor disposal of the contaminated dredgea 
material. These are (1) the channel of huntsville Spring brancn between 
hiles 2.4 to 5.7, winch could be employed in Alternative Fj 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 habitat. However, it will also serve as a 
partial barrier to wildlife attempting to move back and forth between the 
uplands and lowlands. This effect is not altogether detrimental to 
wildlife, since the lowlands removed from their range is a contaminatea 
one, and the slope of the dike will be 3:1. 

txcluding HSB from keach A (Patton Road to Uodd 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 
witnin the floodplain of Keach A, existing along 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 levee association 
may see introduced a number of uplanc species, such as loblolly pine, 
redbud, red cedar, and smooth sumac. The floodplain association should 
tend to shift from maple-ash dominants to one occupied by a wioer variety 
of mesic species, such as oaks, (swamp chestnut, willow, water and 
cherryoark), elms (American ana winged), hackberry, black cherry, dogwood 
anu redbud. The bottomland hardwood association occurs in depressions 
witnin the floodplain, and should remain relatively wet. However, 
without periodic flooaing from H_.B overflows, water levels should be 
generally lower relative to present conditions. While the wetland 
species (green ash, water tupelo and red maple) should continue to 
predominate, other species could also invade. These may include 
sweetgum, black willow and blue beech. The buttonbush association occurs 
where the water is too deep to prevent the establishment of bottomland 
trees. With lower water levels, several species should be able to 
colonize the shallower 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 ana organic 
detritus may be 'Owered sufficiently to allow the growth of submerged 
aquatic plants in the open water areas.  In genera', lowered wat0-- levels 
should increase aquatic plant diversity in each of the affected plant 
associations, and may also increase aquatic plant density. 

Terrestrial and avian wildüfe would be benefited by this cnange, 
specifically Wood Ducks, Turkey, raccoon, opossum, deer, ana squirrels. 
Aquatic organisms Mould also oenefit by  removal of DUTR, and by an 
increase ir. 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 
tne existing "loop" section at HSB Mile b.3, the other in the large 
ponded area near HSB Sile 4.S. Several smaller areas would also remain 
ponded. Creation of snallow lakes has the potential to be of high value 
to wildlife. After a few years of high plankton production, the ponded 
areas could become vegetated with submerged and emergent macrupnytes, 
providing productive aquatic habitat. 
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It' the non-critical  overbank  is not  covered,   trie current effects of DL/TK 
in this system can  be expected  to continue,    AS noted by Dimona  (i%9) 
and Peterson, et_ a_l_.   U971),  tne DDTK will  not  leach uownwc.:-o or very 
rapidly become aegraaed by soil  microorganisms (Clore,  et  a]_.,  19bl;  Uasn 
and Woe  son,  19b/).    MISO,  only trace amounts  are normaTTy absorbed oy 
vegetation (Yule, et jal_.,  1972).    Hence, current  impacts on soil-dwelling 
organisms may continue tor some years to come. 

The situation would  be vastly different  if  ootn the cnannel  ana the 
overbank were filled.    All  vegetation would ce removed,   including stumps, 
in an  area totaling  aoout bU6 acres of aquatic  ana wetlana haoitat.    The 
wetlanas within  this  area are  ehe most contaminatec portions ot   trie  site. 
Removal  ot vegetation ana filling with two or three feet ot  clean soil 
woula nave some value as  a site of researcn  in primary pfant  succession, 
but years would oe required before trie site obtained a  level  ot plant ana 
wilalife productivity and diversity approaching trie surrounaing 
environment. 

jl.b    CONTAINMENT  WITH  WlThlrt-BASlN  UIVtRSlON 

Environmental  Impacts--Tasks  involved with  this containment  alternative 
are (a) re-routing HSb trirougn a wi thin-basin aiversion channel,  and 
(b) one of tnree till  options:    U) filling the HSU channel  ana critical 
overbank  in  the containment  area to a depth of two to three feet;  (2) 
tilling the channel  ana the entire overuar.k  in tne containment area to 
aepths of three and two feet,  respectively;  aid  ^3) filling the 
containment  area with  dredged  spoil   from Keaches b,  C,  ana the  lower 
portion of A,  and then covering with clay ana  topsoi1   (this option  is 
discussed  in Section 11.4).    The impacts of re-routing HSb through the 
within-oasin diversion channel   have Deen discussed  in Section 11.4.    The 
impacts ot  filling the Huntsville Spring brancn cnannel   and the overDank 
area are discussed in Section 11.5. 

Of further  impact woula  oe the damage done to the uplana area in 
"borrowing"  clean fill  for trie  above works.    This  site  and  its areal 
extent  are currently unspecifiea. 

1.1.7    AlTtkNATIVt A:     NATUKAL  ktbTORaTiOiN 

Alternative A involves  allowing the system to  be naturally restorea.    Tne 
major  impact woula oe the continuing contamination of  tne environment  by 
UbTk.    More  information on tnis  alternative can  be founa  in Section 9.1 
of this appendix. 

li.b    ALTtkNnTlVt b:     ÜKfcUtolrtG AND DiSHOSul 

Alternative b  is compriseo of the dredging of contaminated  sediments ana 
thei*• disposal   in  an uplana disp'sal  site.    Dredging options  are to 
(1)  dredge the contaminate^ port .ons of huntsville Spring branch  ana 
Indian Lreek  ana  the 290 acrt overDank  area,  and  (2)  dredge the above 
pi us most of the remaining wet'.ands  between jodo  and Patton Roads, 
uredging would require  construction  of  an  access  road  along  the edge of 
the two steams.    Disposal would occur  in a temporary upland disposal  site 
within  the drainage basin.     Tne major  items or   impact  are  listed  below. 
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p. comparison of effectiveness of alternatives (excluding any 
consiueration of biota contamination) is given in Table 111-33. 

Finally, a Key factor is the effectiveness of an alternative in reouciny 
LtuTR levels in fish to below the b ppm F-lM guideline, unfortunately, 
this is prouaoly the most difficult measure of effectiveness to predict 
with accuracy, un tue one hand one can state mat removal or isolation 
or a nigh percentage of the UUTk in the hbb-iC system can, in trie long 
term, only help the situation. Yet because or the nigh potential for 
significant fisn contamination from even low residual levels of üuTk, one 
cannot easily predict how quickly positive results can oe realized 
following a clean-up effort. 

Stvaral factors should be considered in attempting to juoye now long it 
might take for UUTk levels in fish to be reduced to below a ppm. Tnese 
include current contamination levels, method of contamination, de- 
gradation of UUTk by natural processes, ettectiveness of UbTk removal, 
and rate at which fish can excrete or  break down UUTK.  In «pperai*. II, 
Section 5.3, tnese factors are considered in so::!e depth. Channel catfisn 
in wfieelcr keservoir downstream ot 1C appear to hdve DUTK concentrations 
on the order or 1U ppm due to very low level contamination ot either or 
both seoiment and water, near IC UuTK levels in channel cattish are 
niyher which may be due to higher localized sediment or water UoTk 
concentrations ana/or to miyration ot fish in and out of iL. neverthe- 
less, it appears that for channel catfish bioconcentration of UUTk 
produces fish concentrations in excess of b ppm from extremely low 
environmental concentrations. Hence, it is not reasonaole to expect 
channel catfish UUTK levels to drop oelow S ppm until environmental uuTr\ 
levels are reduced üelow what currently exists in tne Tk. Presently thib 
level is oelow what might reasonably be expected to initially remain in 
IC and Hbb after a mitigation alternative was cuiiipleted. Further, tnese 
levels of LIUTK in the Tk water and sediment woulu still ue present eve? 
it a mitigation alternative were completed. Following the completion of 
any of tne alternatives except natural restoration, it is assumed mat 
the flow of UUFK to the Tk would be significantly reduced, with little 
or no "fresh" UUTk entering tne river, it could Dt- expected thar existing 
concentrations would go down. 

Unfortunately, no oata exists regarding natural degradation rates fur 
UUTk under conditions similar to those fojno in I;, and TK.  Data for 
breakdown rates in soils show figures ranging from less than that one 
year to greater than 3U years depending on a number of conditions <vsee 
Appendix I, Table I-b). Under the assumption that some mitigation action 
hao essentially eliminated the movement of UUTk from IC to the TK a-,a 
that natural breakdown in an aquatic environment mignt roughly parallel 
breakoowfi in the soil, significant reductions in UL/Tk might occur in 
roughly 1-3U years. 

Since tne uptake and reduction of UUTk in fish has oeen shown to occur in 
significantly shorter time spans than appear to ue required for natural 
degradation of UUTk, it is assumed that the fish are at or near equili- 
brium with respect to uoTk in the environment (Macek ano Korn, iy7u; 
hacek et al., Iy70; darvinen et al., l*/o). Consequently, one 
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would expect DDTR levels in fish to closely parallel reductions of DDTR 
in the environment. 

If the assumptions and conditions noted above are  valid, it might taue 
from a relatively few to 30 or more years for DDTR levels in channel 
catfish in the T& to drop below the 5 ppm guideline following completion 
of one of the action alternatives. Further, since any of the action 
alternatives will leave at least some residual amounts of DDTR in IC 
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 catfish in IC and HSB can be reduced. 

The natural 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. 
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II. SITE SPECIFIC INFORMATION AND ANALYSIS 

l.U - M HISTORICAL REVIEW OF DDT MANUFACTURE AND SUBSEQUENT ENVIRONMENTAL 
IMPACT MT KEDSIUNL AkSENAL 

1.1 MANUFACTURING PLANT hISTURY 

Following lease negotiations with Redstone Arsenal the Calabama CnerrrcMl 
Company beyan the manufacture of OUT in 1947.  According to a Department 
ot the Army report (CUIR, 1977) other concerns involved in the overall 
operation were Solvoy Process Division of Allied Chemical and Dye Cor- 
poration and John Powell and Company. Calabama, however, was on tne RSA 
property ana responsible for unit operation^. Figure 11 -1 presents a 
chronology of activities related to initial on of the plant operation and 
subsequent impact. 

The plant was located in the 5UOÜ section of the Arsenal where process 
wastewater enterea a drainaye ditch which discharged to Huntsville Spring 
branch. There are no available records regarding DDT production at that 
time. However, estimated wastewater volume was l.b 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 snown in Table II-i. The amount of DDT in tne wastewater 
ranged up to 0.5 my/1 mainly as particulates. 

Seven years later in 1954 tne 01 in Mathieson Chemical Company became the 
lessee and continued DDT manufacture. No improvements for treatment or 
wastewaters were carried out until 1965 when a settling pond was con- 
structed. During this time production was estimated at 1 to 2 million 
pounds per montn (USPhS, 1964). Olin kept the facility operating on a 
7-day scheaule. By 1969, 2,250,000 pounds were being manufactured 
monthly which was near the 2.5 million production capacity of the plant 
(USAEHA, 19b9). 

1.2 PRIUR CONTROL 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 DDT accumulated by sedimentation in four 
months (USAEHA, 1965). Also at the time of the settling pond modifica- 
tion the ditch conveying wastewater from the plant was treated with 
7U tons of lime and 400 pounds of FeS04 and filled in. A new ditch was 
constructed alongside. This modification was completed to meet water 
quality standards that had been imposed by the Federal government. These 
standards for DDT required that concentrations in wastewater discharged 
to Huntsville Spring branch not exceed 10 ug/1. The original ditch 
conveying wastewater had accumulated so much DDT that the ditch itself 
was a source and posed a problem for Olin in ueeting the standards. 

In February 1970 Olin installed a carbon filter at the outlet of the 
settling pond to keep the DDT level at or below the 10 jg/1 limit for 
discharge (USAEHA, i969). Sometime later the same year the Federal Water 
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DOT production begun by Caiabame Cheml 
cal Corporation n in a liaaad facility on 
Redstone Araanal. Plant capacHy «a ap- 
proximately 25 million pound» par yaar. 
Westeweter amountad to about 7 5MGDd<t 
charged without conventional traatmant to 
Hunsvill» Spring Brancii and Wheeler Wild- 
i.l. Refug». w 

1947 1948 

Heevy uai of pesticides on cotton crop» to 
con-bat boll weevils «rat camad out during 
the summer. Stormweter runoff carriad sub 
ftantial amounts to streams tributary to 
Tenneiseu River. Application in Limestone 
and Medison Countias wes 2.7 and 6.5 mil- 
lion pound» respectively. Pafticide mixture 
included 5% DDT.     W 

1949 1950 19! 

Utilitiei  branch   at   Redstone 
Hunu.i lie Spring Brench um grossly p 
along the entire length with mui 
industrial wastes.        V 

1 1952 E i 
• 

The old ditch treated with lime end ferrous 
sulfate and filled. A new ditch was dug 
parallel to the first. 

FWPCA established discharge standard at 10 
microgrems par liter DDT. Settling porto for 
DDT wastewater enlarged. 

T 
19.68 1967 19J 

DOT levels in watte ditch contained maxi- 
mum of 2.409 ppm. TVA show» range 
in water to be  1-60 micrograms per liter 

10 

Alabeme Daa] 
ducted biuMaj 
Alabama it res. 
pesticide use 
1950. The Dc 
community 
invertebrate« 
cides. 

DDT in sediment at HSBM 4.7 astaa 
6500 ppm and at 13.400 ppm in I 
ate analyses. At Decatur Water Tnj 
Plant DDT level was between 20*70 
grems per liter. 

t 
»67 1966 

TVA  proposes  discharge  guidelines of 
m aerograms per liter DDT. 
Settling   ponds   «were   constructed.    Ponds 
eccumulete ebout 12,000 lbs. of DDT in less 
then 3 months. 

T 
1965 

Red shouldered Hawk population I 
by 84X in Wheeler Wildlife Refuge« 

s 15-year period     Reductions also «a! 
Owl. Marsh. Coopers and Red t. 
populations. */ 

19.64 1963 

FWPCA shows HS8 immedu.ely below 
drainage ditch to have an average of 3.85 
micrograms per liter DDT in water. 

FWPCA showed mean levels of DDT in 
water below discharge from drainage ditch 
to be 5 micrograms per freer. 

Olin-Mathieson announces in June it will 
give up lease and stop DDT manufacture at 
Redstone Anenal. 

Analysis by TVA shows catfish muscle to 
contain 13.5 ppm in sample collected in 
Wheeler Reservoir below Decatur. 

DDT analysis by Alabama Dept of Agricul 
lure & Industries showed channel catfish to 
contain from 0.70 to 8.46 ppm at Tennessee 
River mile 295. 

Olin installs carbon filter to reduce DDT 
levels in wastewater. 

Analysis of crows collected at Redstone by 
Patuxent Wildlife Research Center showed 
DDT I»v9li as high as 119 ppm in muscle 
tissue and approximately 1600 ppm in fat. 
The DDT content ol mammals ranged from 
0.5 ppm in rabbit muscle to 31.7 ppm in 
opossum. The level in fat ranged from 6.8 to 
348.5 ppm in these ar.mals respectively. 

Plant demotithed. Double-crested Cormorant 
absent from Wheeler Wildlife Refuge for 
past 9 years. 

1969 

i 
T 

1970 70 1971 1972 

A survey by Alabama Department I 
culture & Industries snowed DDT OM 

fish in Honeycomb Creak & Li 
below 5.0 ppm FDA limit. Maxi 
of 2.00 ppm found in bluagill in 
Creek. V 

Federal Water Pollution Control Adminis- 
tration set standards for DDT in discharged 
wastewater  at   .020  micrograms  par  liter. 

Alaoama Department of Conservation re- 
ported levels of DC T in fish near Triana as 
high as 71 ppm and neer Decatur as high as 
17 ppm. Bass from Wilson Reservoir con- 
tained 37.3 ppm DOT. 

1973 1974 

U.S. 'rmy begins drinking water surveillance 
progrem at Redstone. 

FIGURE II-l.    Chronology of Events Resulting from DDT Manufacture at Redstone Arsenal 

SOURCE. WATER AND AIR RESEARCH. INC., 1980   
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ch n Redstone noted that 
ing Branch was grouty polluted 
ire length with municipal and 

Olin Mathiaaon Chemical Company 
chaaad Calabama Chemical Co. and 
tinuad manufacture o< DDT. 

T 

pur 
con 

1952 1953 1954 1955 1956 JJ9p 

Alabama Department of Conservation con- 
ducted biological furvays in aalactad north 
Alabama streams to assess impact ol haavy 
pesticide utc on crops in the summer of 
1950. The Department concluded that the 
community structure in fish and macro- 
invertebrates showed alteration from pesti- 
cides. 

ment at HSBM 4.7 animated at 
ind at 13,400 ppm in two separ- 
| At Decatur Water Treatment 
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lered Hawk population reduced 
Wheeler Wildlife Refuge within a 
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i. Coopers and Red-tailed Hawk 

T 
19.63 1962 

Wheeler Wildlife Refuge personnel note a 
97.5% reduction in the Double-crested Cor- 
morant population. During a 10 year period 
from 1949 Cormorants annually «rsiting the 
Refuge was reduceC from 2000 to 50 birds. 

1961 1960 
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im 6.8 to 
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ay Alabama Department of Agri- 
nduririei showed DDT content in 
leycomb Creek & Limestone Creek 
ppm FDA limit. Maximum level 

en found in bluagifl in Limestone 

T 
1974 19.75 

; 

Lendfills containing DDT on Redstone (aree 
5000) were closed. 

T 
1976 

? z 

Abatement program suggested to stop migra- 
tion of DOT from Redstone to Huntsville 
Spring Branch. TVA data show catfish at 
TRM 275-292 contained about 5 opm. TVA 
estimate that 4000 tons of DDT in sediments 
from HSBM 2.45 to 5.9. Ducks collected in 
Wheeler Refuge showed DDT levels to be 
eomparable to levels found in fish. Total 
ODTR in waterfowl ranged turn 1.2 to 2252 

ppm. W 

7 1978 1979 

I t 
FDA monitors fish in Tennessee River and 
»elected fish markets. DDT levels in some 
samples well above 5 ppm limit. 

AEHA surveyed lend, water, sedimenu and 
animal life. Fish were found to have an 
average of 63.58 ppm OrTR end considered 
unsafe for consumption. 

Water and sediment samples showed high 
concentrations of DDT. 

Federal task force implements study to 
determine extent of DDT contaminetion and 
alternative actions to prevent further con- 
tamination of the Tennessee River, COF 
Mobile District given responsibility tr lead 
group. 

Double-crested Cormorant slowly increasing 
during   past   6   yeert   in   Wheeler   Refuge. 

Redstone puts activated carbon filtration 
plant on lint to abate DDT contamination 
from drainage ditch. 

il 
ij. S. ARMY CORPS OF ENGINEERS, MOBILE DISTRICT 

Engineering md Environmental Study of DDT Contamination of Huntsville Spring Branch, 
Indian Creek, and Adjacent Lands and Waters, Wheeler Reservoir, Alabama 
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Tai>le II-i. Wdstewater Characteristics from DUT Wanutacture at KSA 

Calcium chloride MonochloroDenzene 

Hydrochloric acid Hypochlorites 

UuT Chloral 

Sulfuric and Sulfonic Meid 

Note: OUT levels ranged up to U.5 mg/1. 

Source:  Industrial Wastes Survey Kedstone Arsenal, 1%4 - USPHS. 
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Quality Administration placed a limit of 20 parts per trillion as the 
amount of DOT that could be released in process water. Production of DDT 
stopped by June 197U as 01 in coula not treat their wastewater in a manner 
that would reduce OUT 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. These included 
filling and sealing the old settling basin, diversion of drainage arouna 
the old plant site, and installation of two dams in the drainage ditch to 
create seaiment retention ponds.  In January 1979, a water filtration/ 
carbon adsorption unit was installed to further treat the water leaving 
the drainage ditch. Later in i979 surface soils ec the old plant site 
uere  removed and placea in a state approved landfill located on the 
Arsenal. Further restoration has included excavation and landfilling of 
contaminated seaiments in the old ditch, stabilization of old disposal 
sites to preclude surface erosion, and installation and operation of a 
subsurface water monitoring system, based on these actions future 
migration of üüTK from Arsenal property to Huntsville Spring branch 
should be negligible. 

1.3 HISTORICAL CHRONULUGY OF CONTAMINATION 

The record of events relating to Olin's facility and the spread of DOT in 
the environment shows that no aquatic surveys were conducted for lb years 
following plant startup and operation. As an agricultural chemical UuT 
was widely used on lanas within the drainage basin of the Tennessee 
kiver. Pest control on crops such as cotton ana soybeans was carried out 
by application of DDT and other organochlorine insecticides. Tnere was 
no data during the late ly40's of DOT impact on the environment via 
biooiagnification and bioconcentration through food webs. The risk to man 
as far as health effects was considered insignificant. 

By 1963 the Public Health Service and TVA were conducting surveys to de- 
termine the extent of DDT migration and levels of the compound in water 
and sediment. There was increasing evidence of toxic effects to the 
biota (USPHS, 1964). 

1.3.1 Water Quality Surveys 

The utilities branch at keastone carried out some of the early surveys. 
Although no data are available, the general conclusion following water 
and sediment analysis is that Huntsville Spring branch was grossly 
polluted ana reflected the effect of industrial wastes from industry ana 
Arsenal activities on water quality. Aside from wastes originating from 
Huntsville, other firms on or near the Arsenal contributed wastewater to 
Huntsville Spring branch. Components incluaed chlorine and caustics 
(Stauffer Chemical), iron and nickel carbonyls (bAF), rocket propellants 
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(Thiokol), ana otner resioues related to rocket research and production 
(USCuL, l9bb). 

The pollution of Indian Creek and Huntsville Spring Branch (hSb) contin- 
ued unabated and without apparent concern during the 19bÜ's.  Increasing 
frequency  of fisn kills and otner pollution related events in all proba- 
bility led to sampling efforts to establish water quality levels. The 
first of these was initiated by the Public Heilth Service in lyfcu 
(USPHS, i**b4).  Table 11-2 presents data showing tne levels of uUTk in 
Indian Creek ana Huntsville Spring Branch, borne limited information on 
Wheeler Keservoir near Uecatur is also included.  It should be remembered 
that contamination of these surface waters also included beryllium, 
chromium, cyaniae, caamium, acids duo  other un«.nown components related to 
tne rocket research program at Redstone. These substances along with DuT 
wastewater led to the biological degradation of tne Indian Creek - 
huntsville Spring Branch system (CD1R, 1978c). 

Sampling related to ÜUT residues was sporadic until late 19b7 wnen the 
Federal Water Pollution Control Administration estabiisnea a station at 
Mile Marker 5.4 on huntsville spring Branch. Monthly collections were 
niaae until May, lyb9. Whether these samples representea composites or 
grabs is not known.  The values ranged from 0.3 to bO ug/1 and included 
analyses for the firsc four montns of 197Ü wnen tne program evidently was 
discontinued. 

Following cessation of DDT manufacture no water samples were analyzed for 
this resiaue until 1977. These results (Table 11-3) snow lower UuT 
values than during the 196U-197U perioa. Relatively little significance 
can be attributea to the oata since the sampling sites are  not compar- 
able. Analyses also were conducted on Tennessee River water. As the 
table shows, uUTR aid not exceed ü.Ub ug/1 ana most were less than 
Ü.Ü3 ug/1. Since Dt/T is only slightly soluble in water ana highly 
sorptive on organic ana inorganic particulates the main sink is the 
sediments in aquatic systems. 

1.3.2 PUT Levels in Aquatic Sediments 

Work on the DDT 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 (COIR), now 
designated as the U.S. Army Toxic and Hazardous Materials Agency 
(USMTHMMA). Sampling and analysis of sediments was intermittent and was 
begun in I9b3. There seemed to be little to no coordination among 
agencies with regard to station location or data sharing until perhaps 
1978-19/9. 

A review of the available information presented in the accompanying 
Tables II-4 to Ii-b shows a trend toward increasing levels from Inaian 
Creek Mile 0 (ICM-0) to Huntsville Spring Branch Mile b+ (HSBM-5+) near 
the confluence of the DUT orainage ditch. Uirect comparisons are diffi- 
cult as sample sites varied from midchannel to overbank and samples 

i 
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Table 11-2. concentrations of OUT in Surface Water to 19/0 (ug/1) 

Date Location DUT ODE DUU   ODTK Data Source 

11/63 HSÜM b.7   0.33 0.33 USPHS 
11/63 HSBM 4.7 1.6 4.1 — 5.7 USPHS 
11/63 ICM 4.6 0.06 — — 0.06 USPHS 
12/63 HSbM 5.7 0.14 — — 0.14 USPHS 
12/b3 HSbM 4.7 47 — — 47 USPHS 
12/63 ICM 4.6 0.51 — — 0.51 USPHS 
12/63 HSbM b.7 0.05 — — 0.05 USPHS 
12/63 HS8H 4.7 13b — — 135 USPHS 
12/63 It'h 4.6 8.6 — — 8.6 USPHS 
12/b3 HSUM b.7 0 — — 0 USPHS 
12/63 HSBN 4.7 15.8 16.0 — 31. b USPhS 
12/63 ICM 4.6 2.6 3.6 — 6.2 USPHS 
12/63 TRH 305 .06 — — .06 USPHS 
12/o3 TKM 305 .02 — — .02 USPHS 
12/63 THM 305 0 — — 0 USPHS 
12/63 TKM 30b 0.67 — — 0.67 USPHS 
1/64 HS&H 5.7 0 — — 0 USPHS 
i/o4 HSBM 4.7 11.0 3.4 — 14.4 USPHS 
1/64 ICM 4.6 4.6 3.0 — 7.0 USPHS 
l/b4 HSbl-i 4.7 0.14 0.08 — 0.22 USPHS 
1/64 ICM 4.6 1.8 1.4 — 2.2 USPHS 
1/64 HSbM 4.7 0.3b 0.02 — 0.37 USPHS 
1/64 ICM 4.6 0.04 1.1 — 0.15 USPHS 
1/64 Tkrt 305 0.30 0.12 — 0.42 U6PHS 
1/64 TKM 30b 0.07 0.14 — 0.21 USPHS 
y/6b HSBM 4.7 74.0 2.2 2.2 78.4 USPHS 
y/o5 ICM 4.6 0.8 0.6   1.4 USPHS 
y/b5 HSbM 5.7 3.3 0.1 — 3.4 USPHS 
y/6b HSBM 4.7 83.6 1.87 1.92 87.39 USCOE 
y/65 HSbM 4.7 27.96 1.08 0.97 30.01 USCOt 
y/bb HSBM 4.7 liO.32 2.90 3.00 116.22 USCOE 
9/65 HSÖM 5.75 3.34 0.12 — 3.4b USCOE 
y/6b ICM 4.6 1.3 0.53 2.51 4.34 USCOE 
y/6b ICM 4.6 0.55 0.83 3.11 4.69 USCOE 
y/bb ICM 4.6 0.52 0.24 1.06 1.82 USCOE 

10/67 HSbM 5.4 6.6 — -..-   FWQA* 
ll/b7 HSBM 5.4 6.4 — — — FWQA* 
12/67 HSbM 5.4 2.1 —   — FWQM* 

1/68 HSBM 5.4 2.6 — —   FWQA* 
2/68 hSBM 5.4 2.9 — — — FWQA* 
3/68 HSBM 5.4 2.3 —     FWQA* 
4/68 HSBM 5.4 2.6 — — — FWQA* 
5/68 HSBM 5.4 2.3 —   --- FWQA* 
6/68 HSBM 5.4 3.2 —   — FWQA* 
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Table il-2. Concentrations of DUT in Surface Water to 197U lug/1) 
(Continued, page 2) 

Oate    Location     DUT    UUt    DDO   ÜÜTk     Uata Source 

FWUA* 
FWyA* 
FWQA* 
FWQA* 
FWQA* 
FWQA* 
FWQA* 
FWQA* 
FWQA* 
FWQA* 
FWQA* 
FWQA* 
FWQM* 

FWQA* 
FWQA* 

7/68 HSbh 5.4 1.2 
8/6Ö HSBM 5.4 1.1 
y/b« hSLSM 5.4 4.b 
lu/ob HSBM 5.4 15.1 
11/bb HSBM 5.4 6.1 
12/ob HSBM 5.4 2.1 
1/69 HSBM 5.4 4.4 
2 /blJ HSBM 5.4 1.3 
3/09 HioM 5.4 5.3 
4/b9 HSBM 5.4 8.2 
b/by tSBM 5.4 17.3 
1/7U HSBM 5.4 4.7 
2/70 HSBM 5.4 i.b 
3/70 HiBM 5.4 o.b 
4/70 HSbM 5.4 3.6 

*Al1 FWQA data reported as averages. 
f<ange of values from U.3 to 60 ug/1. 

Source: USPhb, 19b4; USPHS, 1965; USCOE, 196b; FWQA, 1970 
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Table 11-3. Concentrations of OUT in water Subsequent to 1970 

Uate Location OUT UUE DUU DuTk Data Source 

7/77 TKM 102-567 No detectable residue _ 

No detection limits stated. TVA 

1U/7/ ILM 1 0.16 0.13 0.34 0.63 TVM 

1U/77 I CM 0 0.04 0.07 0.18 0.29 TVA 

10/77 TRW 32U <0.01 0.01 0.03 >0.04-<0.O5 TVM 

10/77 TKM 311 <0.0l <0.01 <0.0l <0.03 TVA 

1U/77 TkM 285 <0.01 <0.01 <0.01 <0.03 TVA 

10/77 TKM ^77 <0.0l <0.01 <0.01 <0.03 TVA 

10/77 TKM 272 <0.01 <0.01 <0.01 <0.03 TVA 

10 and IC-west and <1.0 u g/1 (19 samples) CD IK 
11/77 Nortn boundary 

1977 IC at Triana —   — 9 USAEhA 

11/77 IC at Mouth     — 0.3 TVA 

11/77 IC 1 Mile 
above flouth 

    — 0.6 TVA 

11/77 TKM 1 Mile 
below IC 

    — 0.04 TVA 

11/77 BFCM 0.5 <0.01 0.026 0.072 >0.108-<0. 118 TVA 

11/77 TKH 333 <0.01 <0.01 <0.01 <0.03 TVA 

11/77 IC <0.01 <0.01 <0.01 <0.03 TVA 

11/77 hSB <0.01 <0.01 <0.01 <0.03 TVA 

Note: Values in uy/1. 

Source:  TVA, 1977; USAEHA, ly78; COIK, 1978a & b. 
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Table Ii-4.     Concent rations  of DDT in  Indian Creek Pediment s, 
Mile St gment 0-8, Analyses during 1963-1978 

Date Mi le Market" UUT out Ü0L) DUTR Uata Source 

10- 
12/W l.U 0.8 O.ö — 1.6 USPHS 

4.0 11.b b.O — 17.6 USPHS 
<*.b 17.0 6.U — 23.U TVM 
7.7b l.U 0.7^ — 2.72 USHHS 

y/bD 4.b 9.3 1.2 2.1 12.6 USPHb 

9/73 l.U 0.8     — USAEHA 

1U/77 u 0.08 0.14 U.24 0.4b TVH 

Ü.91 1.2     — USAEHA 
Ü.91 11.85     — USMEHA 

o.yi 28.9U     — USAEHA 
U.91 41.U8     — US At HA 
U.91 40.48     — USAtHA 
0.91 30.80       US At HA 
U.91 41.47     — USAtHA 
U.91 38.38     — USMLHA 

Ü.91 33.69     — USAEHA 
U.91 35.47     — USAEHA 

U.91 33.23     — USrtEHA 
U.91 3.03     — USAEHA 
l.U 0.16 U.13 Ü.34 0.63 TVA 

11/77- 
3/78 1.0 — — ... 28.31 CUIk 

1.38 — — — 38.14 CÜIR 
2.2 —   — 7U.3b CDIK 
l.<* — —   29.41 CUIK 
4.b — — — 13.35 CD1R 
b.33 — —   4.58 CUIK 

6/78 4.b — — — O.li TVA(b) 

9/78 1.1 0.81 2.9 7.9 11.61 TVA(a) 
2.4 U.Ob 0.53 1.8 2.39 TVA 

3.9 0.16 1.9 2.2 4.26 TVA 

Nute: Concentration in ug/gm. 

Source: TVA, 1963; USPHS, 1964; USPHS, I9b5; USALHA, 1977; TVA, 1977; 
CWfJ, 1978(a) & (ft); TVA, 1978(a); TVA, 1978(b). 
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Table  II-b.     Concentrations of ÜÜT in huntsville Spring branch Seaimetits, 
Mile Segment 0-2.b,  analyses during 1963-1976 

Lute      Mi le r-iarker UbT ÜUt Üüb UüTR Uata Source 

u- 
2/63 2.b 432 

2.b 400 
2.b 2,bu0 

1.JO Dob uSPhb 
TVM 

USHhS 

y/7b 2.b 14.71 3.12      l<+.o2 32.Ab UbHnS 

y/73- , 
3/ /<* 2.5 O.b —   — ubPrib 

12/77 U.3b yu   ... UShthrt 
1.0 .32.66 — — — UbMtnM 
1.31 by.y —   — USAtrlA 

ly77 1.7 1.48- 
33.b 

— — — TVM 

12/77 2.U 1.39 — — — USAtriM 

ly77 2.b 32.b — — — TVA 

b/7ö 0   —«... m  27.7 TVA(a) 
U.bb — — — 23.y TVM(a; 
l.U — — — y.6 TVMU; 

1.0 0.28 0.31 u.iy u.7e tPM 
1.7 2,040 — — — TVM(aj 
2.0     — 2,y40 TVM 

2.b   — — 4 mnj TV* 
2.b 2,100 240 440 l,7bU tPn 

y//b 1.7 220 19 7o 3lb TVA(ü) 

1.7(a) 0.3b 2.0 7b /b. 3b TVM 
1.7(0) <0.0t 0.06 O.lo O.ib TV A 

1.7(c) Ü.015 O.Ü4b U.039 u. uyy TVA 

2.b 6.0 0.<:7 1.5 l.U TVA 

Note:    concentration in ug/gm. 

(e>)  Core »  0-b" 
(b)   Core =   b-12" • 

(cj  Core »   12-lb" 

Source:     TVA,  iyo3;   uSPHb,  lyb4;   USPHS,  1S7»;   US*tHA,  1977;   TVA,   1977; 
TVM,   iy/b(a);  TVM,   i97b(u);   LPA,   197b;  IVM,   1979(D). 
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Table  Il-b.     Concentrations  of OUT  in Huntsville Spring brancn Sediments, 
Mile Segment 2.6-5.6,  Analyses during  1963-19/8 

Date  Mile Marker OUT DUE DÜÜ UUTK Data Source 

lU/b3 2.55 432 136 — 568 USPHS 

10/63 4.7 6,500 — — — USPHS 

l2/o3 2.55 2,500 — —   USPHS 

12/63 4.7 13,400 — — — USPHS 

9/66 b.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 —   — USrttrtA 
4.2 919 —   — TVM 

4.3 5.11 —   — USPHS 
4.5 934- 

5,441 —   — TVA 
4.7 1,865 —   — TVA 
4.7 128.54 —   — TVM 
5.3 18,434 —   — USAEHA 
5.6 0.38 —   — USMt'HA 

9/78 3.0 3.0 5.7 10.3 19.0 TVA 
3.U 530 97 390 1,017 TVA 
3.U 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(c) 540 640 2,800 3,9'J TVA 
3.5(a) 120 2.1 9.3 131.4 TVA 
3.5(b) 0.30 0.29 1.1 1.69 TVA 
3.5(c) <0.04 0.05 0.07 0.16 TVA 
3.65 50 64 190 304 EPA 
3.7 Ü.49 0.75 2.5 3.74 TVA 
3.75 0.079 0.050 0.038 0.167 EPA 
4.U 0.64 4.7 11 16.34 TVM 

4.0 0.13 0.b5 1.3 2.08 TVA 
4.0 1,017 — — » TVA 

I 
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Table 11-6.    Concentrations  of DDT in Huntsville Spring Branch Sediments, 
Nile Segment 2.6-5.6, Analyses during 1963-1978 (Continued, 
page 2) 

Date  Mile Marker DOT DUE UUD DüTR Oata Source 

9/78    4.2(a) 63 12 54 129 TVA 
4.2(b) 18 1.1 4.4 23.5 TVA 

4.2(C) 5,700 360 1,700 7,760 TVA 
4.2(d) 24,000 1,700 2,600 28,300 TVM 
4.2(a) 12 4.4 12 28.4 TVA 
4.2(D) 3 0.44 4.3 7.87 TVA 
4.2(c) 490 2,000 410 2,900 TVA 
4.2 1,280 230 880 2,390 TVA 
4.2(c) 430 160 920 i,510 TVA 
4.35(c) 820 62 190 1,072 EPA 
4.5 700 110 490 1,300 TVA 
4.5 27 5.7 19 51.7 TVM 
4.5 16.34 —   — TVA 
4.b 100 19 96 2i5 TVA 
4.7(a) 940 97 1,100 2,137 TVA 
4.7(b) 10,000 720 2,100 12,820 TVM 
4.7(c) 5,000 250 1,200 6,450 TVA 
4.7 0.81 — — — TVA 
4.7 116 20 135 271 TVA 
4.7 0.20 0.16 0.45 0.81 TVA 
4.8 <0.1 <0.1 <0.1 <0.3 TVA 
4.8 1,500 180 490 2,170 TVA 
4.8 0.1 — — — TVA 
5.0(a) 2.3UO 670 4,300 7,270 TVA 
5.0(b) 36 2.7 3.6 42.3 TVA 
5.0(a) 2,900 660 2,900 6,460 EPA 
5.0 62U 86 350 1,056 EPA 
5.5 0.12 0.042 0.058 0.220 EPA 

HStt Loop 75 10 52 137 EPA 

Note:  Concentration  in ug/gm. 

(a) Core = 0-6" 
(b) Core = b-12" 
(c) Core = 12-18" 
(d) Core = 18-24" 

Source:  OSPHS, 1964; USPHS, 1965; USAtHA, 1977; TVA, 1978; TVA, 1978a; 
TVA, 1979b; EPM, 1978. 

L 
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themselves varied  from yrabs with dredyes  to coring uevices.    However,  no 
significant   trend with time   is  apparent   in this data. 

As miyht oe expected  tne hignest   levels of DOT are  in Huntsville Spring 
Branch  sediments.     Concentrations of UJTK over  28,000 uy/ym were reporteo 
in 197ö (TVM,  1979D).     In uctouer  1977,  concentrations  up to U.3o ppn 
were founa  in the Tennessee Kiver  below  Indian CreeK  (Table I1-/J. 

1.3.3    Fish  ano Wildlife 

Sporadic  sampling of  the  biota has  been   one with  the majority occurring 
from the mid-197U's.     Concerns during the  first  aquatic  surveys  carried 
out   in  the  I9bu's originated  from fish  kills which  appealed  to  oe   in- 
creasing   in HSB and  1C.     In  i9b4 TVA conducted  in situ bioassays with 
fathead minnows.     In  an 18-hour test  all   fish died"!    Toxic effects  at 
this  time were attributed  to the discharge Trom the Stauffer caustic- 
chlorine plant   and  the General  Aniline  and Film Corp.    Anotner brief 
sur;ey by USPHS in  1964 showed that  below area bOOÜ where UÜT and other 
industrial  wastes enter Huntsville Spring Branch  the  stream was  devoid  of 
fisn  and bottom organisms. 

Peak  annual   oopulation estimates   for  a number  of water  birds,  raptors, 
ana mammals  at  Wheeler National  Wildlife Refuge  from 1943 to 197y are 
presented   in Tables  11-8 and  11-9.    Declines  for several   species occurred 
during  the  period  of  the old DuT plant operation.     For   instance, 
reductions   n  Uouble-crested Cormorant  populations  were observed   in  the 
early I95u's.    By 19b3 the cormorant population at Wheeler had  been 
reduced  to  zero.     Sine«  1973,   the  species  has  been reported  again,  thouyh 
in mooest numbers  (Huntsville Times,   1979).     It   is not  known whether this 
or other  observed  trends resulted  from OUT contamination at Wheeler.    MS 
is discussed   in more detail   in   section  b.4,   areawioe or regionwioe  trends 
may significantly  impact  local   populations,  particularly for migrating 
species. 

In May of 1964 tne Patuxent Wildlife Research Center collected crows  and 
various mammals near the arsenal.    Analyses for UÜT 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 
maximum of  1,602.9 ppm.     Table  11-10 presents  these results.     The  sample 
size overall  was small, but tne evidence for bioaccumulation clearly  is 
apparent. 

AS evidence of  long term effects of organochlorine compounds  increased, 
the surveys  in tne l97U's  focused on OUT residues  in  fish and wildlife. 
In September,  1970,  the Alabama Department of Conservation reported DOT 
residues  in  fish collected  in Wheeler Reservoir and vicinity to be  above 
FOA limits of 5 ppm.    Those  species that exceeded  the  standard were 
channel  catfish,  smallmoutn  bass and white bass.    All   species analyzed 
contained OUT.    bottom feeders, rough and sport  fishes were   included. 
Fisn  from (juntersvil le Reservoir and Pickwick contained DOT levels 
ranging to 2.97 ppm.     In Wilson Reservoir  the highest concentration was 
observed  in channel  catfish and smallmoutn bass.    Levels of UUTk were 
8.5b and 6.<*2 ppm,  respectively (see Table II-ll). 
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Table 11-7. Concentrations of DDT in Tennessee River Sediments 
(Values in ug/gm) 

Wile 
Marker 

Concentration in ug/ym Data 
Date DDT UDE ÜDÜ ÜDTK Source 

7/77 112.b O.uol U.002 0.002 0.005 TVA(c) 
193.Ü 0.002 0.003 0.002 0.007 TVM(C) 

283.Ü O.Oüb O.Oli 0.006 0.023 TVA(C) 

294. Ü Ü.Ü03 0.004 0.003 0.01 TVA(C) 

309.5 U.UU3 0.004 0.004 O.Oi TVM(C) 

10/7 7 272.Ü 0.01 0.03 0.02 0.0b TVA 
277.0 <u.ül 0.03 0.0J <0.07 TVA 
285.0 <0.ül O.Ub 0.04 <0.11 TVA 
311. U 0.04 0.04 0.04 0.12 TVA 
32U.Ü 0.12 0.1U 0.14 0.3b TVA 

il/77 333. U <0.Ül <u.ui <0.01 <0.03 TVA 
333. U 0-Ü.114 - - - CDlK 
St 0.49 - - - USAEMA 

Causeway* 
12/77 SE of 

Causeway 
8.67 — m 

• USAEHA 

11/77 m of 
Causeway 

2.49 m • — USAEHA 

NW of 2.30 - - - USAEHA 
Causeway 

*Wneeler Reservoir Causeway - Designated as North-South Roaa across 
Indian Creek near Mile 6. 

Source: TVA, 1977; TVn, 1978(c); CÜIR, 1978(a) & (b); USAEHA, 1977 
(Drinking 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 Whole Fish Collected Between 1977-79 (FDA) 

Species Location 
Concentration in ppn 

OUT      UUfc        DDU       ÜDTR 

Multiple 1 TkM-322 
Multiple 2 TRM-322 
Multiple 3 TkM-322 
Multiple 4 TRM-322 
Multiple 1 TRM-321 
r-iultiple 2 TRM-321 
Nultiple 3 TRM-321 
Multiple 4 TRM-321 
(Multiple 5 TRM-321 
Multiple 6 TRM-321 
Bass TkM-285 
Sauger TRM-285 
Sucker TRM-285 
Catfish TRM-2B5 
Carp TRM-285 
bream TkM-285 
Carp TRM-273 
Sauger TRM-273 
Catfish TKH-273 

Cattish TRM-311 
bream TKM-311 

Carp TRM-311 
Bass TKH-311 
Crappie TRM-311 
Catfish TKM-320 

bream TkM-32(J 
Carp TkM-320 
bass TKM-320 

bauger TRM-32Ü 
Catfish TkM-277 
Sucker TkM-277 
Crappie TkM-277 
Bream TkM-277 
bauger TkM-277 
Bass TkM-277 
Cattish Mallard 

Source: FÜA, 1979a. 

Creek 

0.58 4.11 
0 43.8 
0 1.9b 
0 58.1 
0 2y.b 
0 16.5 
Ü 13.75 
0 lb.45 
0 3.86 
0 59.35 
  0.23 
  0.16 
  0.15 
  2.42 
  0.17 
  0.0b 
— 0.73 
  0.65 
  1.09 
5.42 I0.y4 
0 0.32 
0 U.38 
0 1.54 
0 0.42 
0 9.18 
0 1.84 
0 5.75 
0 7.üb 
0 5.07 
0 3.88 
0.51 3.86 
0 0.03 
0 0.04 
0 0.23 
u 0.78 
0 3.77 

5.93 10.62 
161.3 205.1 

3.15 5.1 
130.65 188.75 
49.95 79.55 
29.2 45.7 
48.95 62.7 
48.95 64.4 
5.89 9.75 

119.15 1/8.5 
Ü.24 0.47 
0.09 0.25 
0.09 0.24 
1.27 3.69 
0.16 0.33 
0.0b O.li 
0.61 1.34 
0.60 1.2b 
u.70 1.79 
17.6 33.96 
0.3b 0.7 
0.20 0.58 
1.14 2.68 
0.60 1.02 
11.75 20.93 
2.61 4.4b 
11.30 17.05 
12.01 19.Ub 
9.7 14.77 
3.94 7.82 
2.6b 7.03 
0.02 0.05 
0.02 0.06 
0.24 0.47 
0.65 1.43 
5.62 9.39 

Note:     in  some cases OUT concentration was shown as U,   in other cases  no 
value for UUT was shown. 
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Tdble 11-16. DDT Residues in Ducks Collected in Wheeler Wildlife Refuge 
1978 

Date of Collection: 
22 Jan 78 

Date of Results: 
21 bep 78 

DDTR ppm 

liadwall Hen 1.55 

baowal1  Drake 9U.83 

Mallard Hen 94.60 . 

rfood Duck Drake 39.74 

Mallard Hen 18.66 

Mallard Drake 0.051 

Mallard Drake 32.43 

Mallard Hen 0.28 

Mallard Drake 2.45 

Uadwall  Drake 1.22 

Source:  U.S. Army, 1978. 
Note: Whole body analysis, 
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Table Ii-18. DuT-kelated Compounas in Fresh ana Frozen Fish Filets 
From Triana, Alabama, January 197y 

Source ana Species Lab DOT ÜOÜ DUE ÜÜTK 

Frozen Freezer Fish: 

kednorse-Lanier 

Buffalo-Malone 

buffalo-Fletcher 

Catfisn-Caudle 

White bass-Fletcher 

White bass-Tinmons 

White bass-Vaughn 

Fresh Fish: 

bigmouth buffalo 

Carp 

Sniallmouth buTfalo 

Redhorse 

Shortnosed Gar 

Spotted Gar 

coc 0.13 0.41 0.6 1.1 
TVA <0.3 0.32 0.5 1.0 
CUC 0.8 62.b 21.6 ö4.9 
TVA <2.U 53.0 16.0 7U.Ü 
Cue 1.0 39.8 lü. b 51.b 
TVA <2.0 27.0 b.7 3b.7 
CDC 14.8 201.b 58.0 274.4 
TVA 1^.0 200.0 50.0 262.0 
cue 0.2 2<i.b 7.7 30.5 
TVA <2.0 21.0 6.6 2b.6 
LDC 0.12 2.3 2.4 4.b2 
TVA <0.3 2.7 2.4 b.2b 
cue 1.2 4J.0 18.1 62.3 
TVA <2.U 7.1 2.8 11.9 

CDC 1.2 78.8 3U.Ü 110.0 
TVA <10.0 9S.0 32.0 132.0 
CDC 3.9 152.4 bö.2 214.5 
TVA <10.0 99.0 30.0 134.0 
CDC 13.4 157.8 b6.9 2<r8.1 
TVA <10.0 98.0 29.0 132.0 
COC 0.0 11. b 7.5 19.1 
TVA <2.b 7.8 5.1 14.1b 
CDC 10.3 321.1 118.6 450.0 
TVA <1Ü.0 150.0 45.0 200.0 
TVA <13.0 210.0 6y.o 285.5 

CDC-Center  for Disease Control  Laboratory. 
TVA=Tennessee Valley Authority Laboratory 

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

Source:    TVA,  1979D; CDC,  1979. 
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11 III 

Zooplankton samples collected  in tne Tennessee River during  late 
summer/early autumn were dominated by cladocerans;  rotifers ana cyclopoid 
copepods were also abundant.    Rhytoplankton samples collected  in the 
Tennessee River at the same time were mostly dominated by blue-green 
algae, with  significant percentages of diatoms and  green algae also 
present,    bee Appendix V for occurrence and abundances of phytopl ante ton 
and Zooplankton taxa collected  in tft's study. 

2.1.2    Huntsville Spring Branch and Hedstone Arsenal Area 

huntsville Spring Brancn--Huntsvi1le Spring Branch originates  at  a spring 
located ot'f-site, within tne city of Huntsville,  and runs through 
Redstone Arsenal   into tne Tennessee Kiver.    The  stream occupies  a mature 
floodplain,  which   is   largely inundated due  tc the Wheeler uam.     Toward 
the  lower end of HSb, between  Indian creek and HSöM 1.4,   tne water 
inundates the floodplain for a depth of several  feet.    Tnere  is no 
aquatic or wetland  vegetation  here except  for black willows  and 
buttonbushes scattered  along the shoreline  (see Figure 11-if).    An  algal 
bloom was visually observed during the sunmer, ly79,  field surveys. 
Progressing upstream,  tne water incomes shallower and  large stands of 
buttonbush (Cephalanthus occidental is)  can be found.     Some of the 
buttonbush  stanos  are completely overgrown  and dominated by climbing 
hempweed, Mikania scanoens.    A few otner aquatic  plants occur within  the 
buttonbush swa.iips, TneYuöThg Hiuiscus mi 1 i tar is and Luowigia so.    Muskrat 
are abundant   in these outtonbusn swamps. 

Upstream of HSBH 3.S,   large stands  of floodplain  and  bottomland  swarnp 
forests occur.     It  is useful  to consider tnese two naoitats  as two ends 
of a continuum defined by frequency and depth of  inundation.    The swamp 
association  is flooded to a 2 foot depth,  for as much  as  a year, or 
longer.    This  induces the characteristic buttressing of the oases  of 
swampland  trees.    The floodplain  association  is  usually flooded only long 
enough for stormwater surges.    Since floodplain topography 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 wei. to 
support  the more mesic  floodplain species,  and  is  not wet enough to  allow 
swamp vegetation to dominate.     It  is therefore heavily dominated by red 
maple, which can occur anywhere along tne wetland continuum.    Transects 4 
and 7,   (Appendix VIj  are representative of the floodplain  forest 
association,  while Transect 8,  (Appendix VI)  is  representative of the 
bottomland swamp forest. 

The floodplain  forests were founo to  be  among  the most diverse of  the 
forest  associations on the Redstone Arsenal,  supporting at  least ZU 
species of  trees,  (Appendix VI).     Tney are dominated by green ash,  red 
maple, blue  beecn,  American elm a'1 hacKberry.    üround and shrub cover is 
sparse,  and   includes  poison  ivy,  violets,  peppervine (An.pelopsis 
aroored),  and  lizard's tail   (Saururus cernuus). 

The bottomland hardwood  swamp was  found  to be the   least diverse  associ- 
ation,  ceiny thoroughly dominated,  where transected, oy water  tupelo, 
Transect b,  (Appendix VI).    Some of tne water tupelo are quite  large, the 
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Table 11-25. Birds of the Wheeler National Wildlife Refuge 
(Continued, Page 10) 

1 

COMMON NAME SCIENTIFIC NAME SP S F 

c 

w 

Vesper Sparrow Pooecetes qramineus u c 

L^rk Sparrow Chondestes nrf>minacus r r 

Bachman's Sparrow Aimophila aestivalis r r r 

Dark-eyed Junco Junco hyemalis u r c c 
Tree Sparrow Spizella arborea u u 
Chipping Sparrow Spizella passerina c c c c 

Field Sparrow* Spizella pusilla c c c c 

Harris' Sparrow Zonotrichia querula X 

White-crowned Sparrow Zonotrichia leucophrys u c c 

White-throated Sparrow Zonotrichia albicol1 is u c c 

Fox Sparrow Passerella iliaca u c c 
Lincoln's Sparrow Melospiza lincolm'i r r r 
Swamp Sparrow Melospiza georgiana c c c 

Song Sparrow Melospiza melodia u c c 

Lapland Longspur Calcarius lapponicus r u 

Taken directly from USOI,   1979a 
2 

SP - Soring 

S - Summer 

F - Fall 

W - Winter 

a - abundant 

c - common 

u - uncommon 

0 - occasional 

r - rare 

x - accidental 

* nests locally 
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Table 11-26. Manuals Possibly Occurrina in 
Refuge* 

the Wheeler National Wildlife 

COMMON NAME 

Opossum 
Southeastern Shrew 
Least Shrew 
Shorttail Shrew 
Eastern Mole 
Keen Myotis 
Little Brown Myotis 
Gray Myotis 
Indiana Myotis 
Silver-Haired Bat 
Eastern Pipistrel 
Red Bat 
Big Brown Bat 
Hoary Bat 
Seminole Bat 
Evening Bat 
Eastern B^g-Eared Bat 
Mexican freetail Bat 
Northern Black Bear 
Raccoon 
Longtail Weasei 
Mink 
River Otter 
Spotted Skunk 
Striped Skunk 
Coyote 
Red Fox 
Gray Fox 
Florida Panther 
Bobcat 
Woodchuck 
Eastern Chipmunk 
Eastern Gray Squirrel 
Eastern Fox Squirrel 
Southern Flying Squirrel 
Beaver 
Eastern Harvest Mouse 
Oldfield Mouse 
White-Footed Mouse 
Cotton Mouse 
Golden Mouse 
Eastern Woodrat 
Rice Rat 

SCIENTIFIC NAME 

Pi pel phis marsupial is 
Sorex lonqi rostris 
Cryptotis parva 
Blarina ~b~revicauda 
Scalopus aquaticus 
Myotis keeni 
Myotis lucifugus 
Myotis grisescens • 
Myotis sodalis 
Lasionycteris noctivaqans 
Pipistrellus subflavus 
Lasiurus boreal is 
Eptesicus fuscus 
Lasiurus cinereus 
Lasiurus seminolus 
Nycticeius humeral is 
P)ecotus~~rafinesquei 
Tadarida brasiliensis 
Ursus a. americanus 
Procyon lotor 
Mustela frenata 
Mustela vison 
Lutra canadensis 
Spilogale putorfus 
Mephitis mephi tis 
Can is latrans 
Vulpes~~fu1' va 
Urocyon cinereoargenteus 
Felis concolor coryi 
Lynx rufus 
Marmota monax 
Tamias striatus 
Sciurus carolinensis 
Sciurus niger 
Glauconiys volans 
Castor canadensis 
Reithrodontomys humulis 
Peromyscus polionotus 
Peromyscus leucopus~~ 
Peromyscus gossypinus 
Peromyscus nuttami 
Neotoma fToridana  " » 
Oryzomys palustrTs 
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Table 11-27. Endangered, Threatened and Special Concern Plants Possibly 
Occurring on Wheeler National Wildlife Refuqe 

SPECIES 

TriIlium pusi1lum 

Panax quinquefolius 

Neviusia alabamensis 

Carex purpuri fera 

Tri11ium erectum var. sulcatun 

Leavenworthia torulosa 

Stylophorum diphyllum 

Athyrium pycnocarpon 

Lycopodium flabel!iforme 

OpMoqlossum engelmannii 

Orchis spectabilis 

Plantanthera peratnocna 

Cotinus obovatus 

Jeffersonia diphylla 

Gymnocladius dioica 

Oxalis grand is 

Actaea pachypoda 

Anemone C3ro1iniana 

Veronica an?oa11 is - aquatica 

Valeriana pauciflora 

FAMILY 
ALABAMA 
STATUS^ 

FEDERAL 
STATUS? 

Liliacear E3 NL 

Araliaceae E NL 

Resaceae E NL 

Cyperaceae T NL 

Liliaceae T NL 

Brassicaceae T NL 

Papaveraceae T NL 

Aspidiaceae SSC NL 

Lycopodiaceae SSC NL 

Ophioglossaceae SSC NL 

Orchidaceae SSC NL 

Orchidaceae SSC NL 

Anacardiaceae SSC NL 

Berberidaceae SSC NL 

Fabaceae SSC NL 

Oxalidaceae SSC NL 

Ranunculaceae SSC NL 

Ranunculaceae SSC NL 

Scrophulariaceae SSC NL 

Valerianaceae SSC NL 

1 From Freeman, et aj., 1979. 
?USDI, 1979b. 
3 
E=Endangered; T=Threatened; SSC=Species of Special Concern; NL=Not Listed. 
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Table 11-28. Endangered, Threatened and Special Concern Invertebrates 
Possibly Occurring on Wheeler National Wildlife Refuge 

SPECIES 
ALABAMA 
STATUS* 

FEDERAL 
STATUS2 

Arthropoda: Crustacea 

Palaemonias alabamae 

Mollusca: Gastropoda 

Mars toni a olivacee 

Mollusca: Bivalvia 

Pegias fabula 

Ouadrula c. cylindrica 

Fusconaia cuneolus 

Fusconaia cor 

Fusconaia barnesiana 

Lexingtonia dolabelloides 

Plethobasus cicatricosus 

Plethobasus cooperianus 

Pleurobema clava 

Pleurobemd oviforme 

Pleurobena plenum 

Hemistena lata 

Ptychobranchus subtentum 

Dromus dronas 

Actinonaias 1_. ligamentina 

Act.nonaias pectorosa 

Oboraria subrntunda 

Oboraria retusa 

Potamilus laevissimus 

Toxolasma 1. lividus 

SSC 

PE 

NL 

NL 

E, PE NL 
E NL 
E E 
E NL 
E NL 
E NL 

E, PE E 

E, PE E 

E, PE NL 

E NL 

E E 

E NL 

E NL 

E E 
E, PE NL 

E NL 

E NL 

E, PE NL 

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

ALABAMA    FFDERAL 
SPECIES STATUS1    STATUS2 

Mollusca: Bivalvia 

Toxolasma cylindrellus 

Medionidus conradicus 

Villosa faba!is 

Villosa t_. taeniata 

Lampsilis orbiculata 

Lampsilis ovata 

Epioblasma triquetra 

Truncilla truncate 

Epioblasma brevidens 

Cumberlandia monodonta 

Plethobasus cyphyus 

Ptvchobranchus fasciolaris 

E E 

E NL 

E NL 

E NL 

SSC E 

E NL 

E NL 

T NL 

T NL 

SSC NL 

SSC NL 

SSC NL 

From Böschung led.], 1976. 
2From USDI, 1979b. 
•j 

E=Endangered; T=Threatened; SSC=Species of Special Concern; NL=Not Listed; 
PE=Possibly Extinct or Extirpated from Alabama. 
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this species can tolerate the present high levels of pollution in 
Huntsville Spring Branch.  The Olive Hydrobiid may well be extinct. 

The !l species of bivalves listed were drawn from Stansbery (In: 
Bost jng, et_  aj_., 1976. Most of the species have a range or TTäbitat 
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 fvve been collected only a 
few times, often only before the extensive system of TVA dams were 
installed on the Tennessee River. These dams, plus cultural pollution 
(eutrophication, siltation), are frequently cited (Stansbery, 1976) as 
the causes of  the extinction or extirpation of Alabama's extraordinarily 
large unionid fauna.  Since all three factors are pronounced within the 
study area, it is unlikely that any of these bivalves exist there today. 
None were collected in the macroinvertebrate surveys of Indian Creek, 
Huntsville Spring Branch, and the Wheeler Reservoir adjacent to the 
Redstone Arsenal. 

Four sensitive taxa of fish (see Table 11-29) are found in the area in 
and around the Redstone Arsenal. The Tuscumbia darter, Etheostoma 
tuscumbia, occurs in several springs and their spring runs surrounding 
the Redstone Arsenal, although it has not been collected within 
Huntsville Spring Branch or  within the Arsenal. The flame chub, 
Hemitremia flammea, is moderately common north of the Tennessee River, 
typically inhabiting limestone springs and their runs, including several 
surrounding the Arsenal.  It has been extirpated from Huntsvi1le Spring 
Rranch, however, and it is not now known to occur anywhere within the 
Arsenal.  The southern cavefish, Typhlychthes subterraneus, is an 
obligate troglobite (cave dweller) found in subterranean waters in the 
Tennessee and Coosa River drainages.  "Outside Alabama it has the most 
extensive range of any North American troglobitic firh" (Ramsey, _In: 
ßoschung, 1976).  It has been found in Muddy Cave. The whiteline 
topminnow, Fundulus albolineatus, "probably extinct as a species, is 
known only from specimens captured in (Huntsville) Spring Creek" (Ramsey, 
_[£: Böschung, 1976). 

The hellbender, found over a large area of the eastern United States, 
occurs in Alabama only in the Tennessee River System. Although it has 
not been collected from the Arsenal's waters, it occurs in the nearby 
Flint River and Walker Creek.  It prefers large, free-flowing streams 
with rocky bottoms and clear water (Mount, Jnj Böschung, 1976). 
"Impoundment, channelization, and pollution are detrimental to hell- 
benders" (Nickerson and Mays, 1972).  It is therefore not likely to occur 
within the project area.     In Alabama, the Tennessee cave salamander, 
Gyrinophilus pelluceus, is known from several caves in Jackson, Madison 
and Limestone Counties. However, it has not been collected from within 
the Arsenal. 

In Alabama, the range of the eastern spiny softshell, Trionyx spiniferus 
spinigerus, is the Tennessee River System.  It may not occur within the 
Arsenal, since its "optimum habitat is a free-flowing creek or stream 
with a sand-ground bottom. The impoundment of the Tennessee River 
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Table   11-29      Endangered,  Threatened and Special  Concern  Vertebrates 
Possibly Occurring on Wheeler National  Wildlife Refuge 

ALABAMA FEOERAL 
LISTING^ SCIENTIFIC NAME COMMON NAME LISTING1 

FISH 
T3 Etheostoma tuscuinbia Tuscuntbia Darter NL 

Htjmi tremia f!.lnttnea Flame Chub SSC NL 
lyphlichthys subterraneus Southern Cavefish SSC NL 
Fundulus albolineatus Whiteline Topminnow SSC NL 

AMPHIBIANS 
Cryptobranchus a. alleganiens s HelIbender T NL 
Gyrmophilus palleucus Tennessee Cave Salamander SSC NL 

REPTILES 
Alligator mississiopiensis American Al 1igator T E 
Trionyx spinferus spinferus Eastern Spiny Softshell SSC NL 

BIRDS 
Aquila chrysaetos Golden Eagle E NL 
Haliaeetus leucocephalus Bald Eagle E E 
Pandion haliaetus Osprey E NL 
Falco peregrinus Peregrine Falcon E NL 
Oendrocopos boreal is Red-cockaded Woodpecker F E 
Florid; caerulea Little Blue Heron SSC NL 
Mycteria americana Wood Stork SSC NL 
Nycticorax nycticorax Black-crowned Night Heron SSC 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 
Thryomanes bewickii Bewick's Wren SSC NL 
Limnothlypis swairsonii Swainsons Warbler SSC NL 
Aimophila aestival is Bachman's Sparrow SSC NL 

MAMMALS 
Myotis grisescens Gray Myotis E E 
Myotis sodalis Indiana Myotis E E 
Ursus a. amencanus Northern Black Bear E NL 
Felis concolor coryi Florida Panther E E 
Sorex 1. longirostris Southeastern Shrew SSC NL 
Myotis a. austror^parius Southeastern Myotis SSC NL 
Myotis 1. lucifuqus Little Brown Myotis SSC NL 
Myotis keenii septrionalis Keen's Myotis 

Rafinesque's Big-e&red Bat 
Prairie Vole 

SSC 
SSC 
SSC 

NL 
Plecotus rafinesquii NL 
f-iicrotus o. ochrogaster NL 

From Böschung,   (ed.],   1976 
?From USOI,   1979b. 

E-Endangered; ^Threatened; SSC=Species of Special  Concern; NL-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  from the 
Tennessee River."  (Mount, jn:  Böschung, 1976). 

The Golden Eagle, Aqui, a crysaetos,   is  seen rarely   in Alabama   in the 
winter.     It does  not  breed   in Alabama.     It   inhabits wild country,  especi- 
ally mountains  and   large  forests.     It  eats a  variety  of  rodents  and   large 
birds.     Its  rarity  in Alabama  is attributed  to   illegal   shooting  (Keeler, 
In:   Böschung,  1976). 

The Bald Fagle, Haliaeetus leucocephalus, once was common   in the 
Tennessee River Valley,   nesting there  in the  summer and even wintering 
there.    No recent  nects,  however, have been fojnd  in Alabama.    Fish are 
its main food,  supplemented by carrion,  small   mammals,  birds  and  snakes. 
Its  decline  is  attributed  to pesticides,   illegal   shooting,  and  harassment 
(Keeler,  In:  Roschung,  1976). 

The Osprey, Pandion hajiaetus, was formerly a faTr^y common breeding bird 
in the Tennessee Valley.     It  has  been  rare during  the  past decade,  and, 
although  it has  apparently been making a slow comeback  since DDT was 
banned,   it  still   does  not  breed  in the Tennessee Valley  (Keeler, _I_n: 
Böschung,  1976).    This  species  feeds entirely on fish, making  it 
especially susceptible  to DOT poisoning. 

The Peregrine Falcon,  Falco peregrinus,   rare  in Alacama   in winter  and  on 
migration,  formerly bred  along the  .ennessee Valley.     It   feeds  primarily 
on  birds,  especially waterfowl   ana   snorebirds,  thus  exposing  itself to 
pesticide poisoning.    This   is  the  factor blamed  for  its  catastrophic 
decline.    No  recent  breeding  records  are known  from Alabama   (Keeler, _I_n: 
Böschung,  1976). 

The Little Blue Heron, Florida caerulea,  is a resident  of  the wetlands 
within the Tennessee Valley,   including the project  area.    This  species  of 
special  concern,  a semi-aquatic wading bird,  feeds mainly on frogs, 
crayfish and small   fish.    Being exposed to the DDT contamination,  it may 
be accumulating DDT. 

The Sharp-shinned Hawk, Accipiter striatus,   is a locally common, 
permanent  resident  of the  northern portion of Alabama,  and winters 
throughout the State.     It  feeds  in open woodlands,   primarily on  small   to 
mediurn-sized birds, but  occasionally  takes mice,  frogs,   lizards  and 
grasshoppers.    Pesticides  are given as the probable  reason for  its 
decline  (Keeler, J_n:   Böschung, 1976). 

The Cooper's Hawk, Accipiter cooperi, was a common, year-round  resident 
of Alabama, especially  in moderately wooded areas.     It  feeds primarily on 
birds, but will   also eat  rabbits,  rodents,  amphibians,   reptiles  and 
insects.    This  species  also appears  to be declining,  probably due to the 
use of pesticides  (Keeler,  In:   Böschung, 1976). 

The Red-shouldered Hcwk,  Buteo  lineatus,  "was  the most common  and wide- 
spread of all   soaring hawks  in Alatama until   about 1970.    Since then the 
population has experienced a rapid deeline....Habitat destruction and 
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pesticides are  factors infU.*encirig trie declining population" (Keeler, In: 
Bosclung, iy7o). 

Bewick's Wren, Thryomanes bewickii, breeds uncommonly in the Tennessee 
Kiver Valley ana the mountains of Alabama.  Its numbers nave  oeclined 
drastically throughout the Southeast since 19bb.  The causes are poony 
understood, although, since it feeas primarily on insects, pesticides may 
nave been a factor,  habitat changes do not appear to be a factor in the 
oecline. North Alabama is on the periphery OT its range (Keeler, in: 
Böschung, i97b). 

Swainson's warbler, Limnothlypis swainsonii, i 
dent in the Coastal Flain ana Tennessee Kiver 
feeds primarily on insects. It breeds in rive 
where cane (Arunginaria) grows. The project a 
nuritsville Spring branch, contains significant 
However, recent evidence indicates the Alaoama 
dispersea for individuals to find mates and br 
ly7b). Also, insects do not appear to be very 
Spring Branch, as evidenced Dy aquatic macroin 
direct field observations. 

s an uncommon summer resi- 
Valley of Al3bama.  It 
r swamps, particularly 
rea,   particularly along 
amounts of this habitat. 
population is too thinly 

eed (Keeler, J_n: Böschung, 
abundant along nuntsville 

vertebrate data, and by 

bacnman's Sparrow, Aimophila aestivalis> is a permanent resident every- 
where in Alabama where there is suitable habitat, which is dry pine and 
scrub oak woods, particularly tue dry ridges (Keeler, _I_n:  Böschung, 
iy7b).  This habitat does not occur within the project area. 

The black-crowned (Jight Heron, N 
year-round resident ot the 
but it will also feed on a variety of insects, 
reptiles, amphibians, and aquatic crustaceans. 

ycticorax nycticorax, is 
i (USÜI, 1979a).  Its 

smal 

an uncommon, 
main food is fish, 
rodents and 

The Merlin, ralco columbarius, is an occasional autumn ana winter visitor 
to the area (USÜI, 1979a).  Tt feeds primarily on small birus up to the 
size of pigeons, and will also eat small mammals and large insects 
(Keeler, _I_n:  Böschung, 1976). 

The American alligator, Alligator mississippiensis, apparently did not 
originally inhabit the project area,  however, several saurians 
(alligators or tropical caimans) have been sighted at trie Wheeler Refuge. 
These are believea to be released pets vSpeake and Mount, ly74). 

Two species of endangered mammals are known to occur on the wheeler 
Kefuge (Atkeson, Personal Communication, 1979), ana thus possibly in the 
study area.  These are the gray bat, Myotis grisescens, and the Indiana 
bat, Myotis sodalis.  Uf critical concern to the gray bat are suitable 
maternity caves, of wnich there are  two in northern Alabama.  Neither 
cave is located on keastone Arsenal property (Uusi, ly7o).  The distri- 
bution of the Indiana bat in Alabama is not well documented,  both feed 
over water on insects.  Commercialization of caves ind cave  vandalization 
are cited as the primary causes of their decline. 
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2.3 btULUüY  AND  PHYSIUÜKAPHY 

A considerable amount of general information has been drawn together in 
the publication "hnvironmental Geology and hydrology, Huntsville and 
Madison County, Alabama", published as Atlas Series 8 by the Geological 
Survey of Alabama in 197b. This publication states "The hills east of 
Huntsville dominate Madison County's topography.  These uplands are the 
Mppalacnian plateau - part of the Appalachian Mountains. The western 
edge of the areat  tne Cumberland escarpment, joins with the interior Low 
Plateaus area at its oase-the flatter, rolling lands of Madison County". 
There are some pronounced hills or small mountains within the Arsenal 
property, which are comprised of rocks that have not erodeo away. 

The grouno surface is generally underlain with unconsolidated soil 
materials which are  generally transported accumulations resulting from 
rock weatnering and deposited by an ancestral stream. Near Huntsville 
Spring Branch arm of Wheeler Lake, these materials generally lie on the 
Tuscumbia Limestone which averages 150 feet in thickness. This is under- 
lain by the Fort Payne Limestone which, because it contains beds of j 
chert, is usually called the Fort Payne Chert. The formation is gener- 
ally lbb to 18b fret thick.  It is principally the limestones which serve 
as the aquifers in the area. 

Tne unconsolidated surficial materials (called Regolith), transmit some 
water, but less freely than do the underlying limestone members, where 
the water generally moves through solution passages, mostly located along 
fracture 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. Over geologic time the result is subsidence 
features such as sinkholes, or even declines in the earth's surface 
elevation over large areas which lead to the development of aimless 
internal drainage patterns to the underground aquifers ratner than a 
ubiquitous pattern of surface drainage out of the area by organized 
stream patterns. 

The construction of surface impoundments on the land surface in karst 
terrains can lead to new sinkhole collapses due to the increased loading 
on the Regolith caused by the weight of the water. The resulting new 
sinkholes may provide a source of groundwater contamination, as older 
sinkholes often do. 

2.4 HYUkOLUbY 
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area public or private water supplies were contaminated with uuT 
(including its analogs) or heavy metals. This report concluded that 
"None of the potable water supplies investigated during this study v.ere 
found to be contaminated with uUT or its metabolites. However, low 
levels of other pesticides were detected at some of tne water supplies." 

In a later survey, tPA (1980) reported detectable DUTR in 21 of 21 wells 
located in four areas of Kedstone Arsenal. Concentration patterns 
indicateo uniform widespread contamination not related to old UUT plar.t 
site or disposal areas. Sample contamin tion problems were suspected. 

2.5 CULTURAL RESOURCES 

In the project area, two distinct settlement zones may be defined for the 
prehistoric period: 

1) The Tennessee River Valley zone 
2) The Upland Settlement zone 

The differences between occupation of tne zones are dramatic and pertain 
to every  time period subsequent to the Raleo-lndian era. Uuring some 
periods, such as the Archaic and Woodland, settlement occurred in both 
zones, although the types of sites and exploitation strategies in eacn 
differed, uuring tnese 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 riuntsville Spring branch 
begins with fragmentary evidence of Raleo-Indian occupation, primarily as 
hunting camps or other limited activity, near the most reliable water 
sources in the area. 

Uuring the Archaic period, the uplands were exploited to a limitad 
degree, with small temporary encampments located on swamp margins ano 
near small streams in the interior. Larger, more stable base camps were 
located in the Tennessee River Valley. This pattern of shifting 
settlement probably reflects alternating periods of population aggre- 
gation and dispersion with larger groups coming together at the River 
Valley base camps and seasonally dispersing into small groups of nuclear 
families to exploit the uplands. 

Later, during the Woodland period, the River settlement zone continued to 
be the area of maximum population with the appearance of large base 
camps, mound and village sites, and isolated mounds. Exploitation of the 
upland zone persisted with the presence of limited activity sites. How- 
ever, a major change during this period was marked by large base camps in 
the upland zone. The relationships between the upland base camps and 
river valley mound and village sites remains to be explained. 

In the Mississippi an period, it appears the upland zone was shunned, but 
river valley settlement continued with the development of mound and 
village sites.  It may be that use of the highlands in the form of 
limited activity sites associated with tne river valley settlements may 
lie outside the project area, or may contain artifacts not sufficiently 
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unique to be diagnostic of a Mississippian occupation, or way not oe 
detectable by present research methoos. 

occupation ot  tie project area during trie nistoric  period  consists 
primarily of  settlement by agriculturalists.    Most of the sites are 
former farm nouses,  and  at  several,  trie  remains of the former structures 
ana uutbui laing.,  are evident on the surface.    Tnese sites are either on 
or near to soil  tnat  is weli-suitea for agriculture. 

The sites  in the project area are fairly abundant at about 17 discovered 
sites per square mile.    Analysis of environmental   factors  indicate that 
the sites tend  to cluster  in the following manner: 

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

Ü) They teno to be found between the bob and 5b0 foot elevations 

3) They teno to be 0 to 1 meters  above the nearest water source 

4) They tend to be witnin 5U meters of a water source 

b)  They tend to be on or near soils well   suited for horticulture. 

Thus we can conclude that the wheeler basin  is cnaracterized by an 
intensive prehistoric occupation,  and any elevatea Knoll  within a snort 
distance  frum water  is  liKely to yield evidence of prehistoric  activity. 

3.Ü    UUTft  DISTRIBUTION 

3.1 DUTK Hi  StLilMENTS 

3.1.1 Indian Creek and Huntsville Spring branch 

Introduction—Sign' icant contamination with DÜTK resulting from past 
waste discharges from the Ülin DDT manufacturing facility, occurs in the 
sediments throughout both Huntsville Spring branch and Indian Creek. The 
area of nighest contamination, however, is confined primarily to the 
channel and near overoank downstream from the old waste ditch outfall a 
distance of d.7  miles to just upstream of Dodo Road. 

It is estimated that over 475 tons of DUTk as OUT is contained in the 
seaiments of the channel, overbank and ponded areas of Indian Creek and 
huntsville Spring branch. Approximately 465 tons or 97.8 percent of the 
total is contained within the sediments of Huntsville Spring branch 
between Uoda and katton Koads. Only 6.7 tons, or i.4 percent of the 
total, is contained in Huntsville Spring branch from Mile 0 to 2.4, and 
3.7 tons, or O.b percent of the total is contained in the sediments of 
Indian Lreek. Less than 1 ton of DUTk as DDT is dispersed over the 
floodplain to the south ana east of Inaian Creek and Huntsville Spriny 
branch. 

M summary of the UuTK concentrations found in the sediments of Indian 
Creek, barren Fork Creek IbFC) and Huntsville Spring branch is shown in 
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The total  surface area assigned  to each transect  as well   as  surface  areas 
in each of the  above-mentioned hydrologic categories were determined for 
both  left  and  rignt banks (facing downstream)   in  Indian Creek  ana 
Huntsville Spring branch using planimetric metnods  and 1" •  bOO'  scale 
location maps. 

Trie widtn along each transect  in each hydrologic class was determined 
from transect profiles  supplied by TVM.     Individual  cores were then 
classified as  to the hydrologic category into whicn they were located,    K 
surface area was  assigned to each  individual  core  as  follows: 

a =  (Ai)(b/b) 

where:    a • surface  area assigned  to core 
A^  = surface area assigned to nyarologic category i 
b = width  along the transect  assigned  to hydrologic  cateyory  i 
D = width  along  the   transect  assigned  to  an   indiviaual   core,   in 

hydrologic  category i. 

The  volume of  sediment  represented by each  individual  core oeptn horizon 
was  then determined.     Low and high  estimates were made  as  foilows: 

0    Low Estimate—basec  on the  probe data provided  by TVM,  the 
distance along each  transect,   in each hydrologic category assignea to 
each core   in each of  the  fern   deptn horizons:    0-6",  b-lZ",  12-24",   and 
>Ü4", was determined  as follows: 

v =   a{li/b)Ao 
where:    v = sediment volume assigned to core dep*h horizon,  low 

estimate 
t* • total   transect width  in deptn horizon assigned  to 

core 
#d = depth increment  in horizon (6" was  assumed  for >Ü4" 

depth horizon) 

0    High Estimate—since the entire floooplain of Indian Creek - 
Huntsville bpring branch  is underlain by alluvial  and residual  soils  to 
depths generally in excess of 20 feet,  trie  interpretation of  tue probe 
data may be somewhat ambiguous.    Thus,  a volume of sediment attributable 
to each core based simply on the depth  increment of each horizon was 
determined  as  follows: 

V • a Ad 

whe^e:    V = sediment  volume assigned to core, depth horizon,  high 
estimate. 

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

m « V Td c 

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

H-* »-.. 
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>"d = estimated unit dry weight of the sediment in the depth 
norizon 

c • isomer concentration, ppm. 

Tno  unit ary weight of the sediment in each depth norizon was calculated 
usi ig the following equation and data supplied by TVA from laterally 
composited, disturped core samples: 

Ys 
Yd = 

where: H = moisture content 
>s = estimated unit weight of solids 

(1.03)12.70) 
""~f(777ö-I.Oj)+1.0 3 

f = volatile solids fraction 

The areal distributic of UUTK was calculated by summing over the depth 
horizons and isomers as follows: 

(>n/a)DDTR = E Etf yd c 

UÜTK and individual metabolite totals and subtotals were determined both 
as straight sums and as the equivalent weight of UUT. Kor ease of isomer 
and metabolite comparisons results are generally reported as DDT.  In 
situations wnere reported results were Delow analytical detection limits 
a range of values was determined assuming: 

(a) all less than values equal Ü.0, and 
(b) all less than values equal the stated value (i.e., reported 

detection limit.) 
In general sediment 0ÜTR 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 tne composite, the isomer concentrations in the missing core were 
determined as follows (see Table 11-34): 

cc = (W r) - I c 

where: cc = calculated concentration 
W = weight factor = number of cores in the composite 
r = lateral or vertical composite concentration 
c • individual core measured concentration. 

In areas in Indian Creek and Huntsville Spring Branch within the 
influence of Wheeler Keservoir but not sampled in the course of this 
study, concentration and depth of contamination had to be estimated. 
Uata was derived either from previous survey information (TVA, 1977) or 
estimated from samples taken in the course of this survey (see 
Taole 11-313). 
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General Extent of DUTR Contamination—Surficial sediments in the channel, 
overbank, ponded and floodplain areas of Indian Creek-Huntsvi 1 le bprint; 
Branch contain DDT residue levels ranging from <1 lb/acre to 
>47 tons/acre as UuT. Figure 11-15 illustrates the extent of the UÜTR 
contamination in HS6 upstream of Mile 1.5 and downstream of Patton Road. 
Ms this figure illustrates, the most highly contaminated areas occur 
downstream of the old waste ditch outfall a distance of approximately 
1.5 miles and within and 2bU-bU0 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 adjacent flood plain and upstream 
channel sediments occur throughout this area. DDTR 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 Huntsvilie Spring tsrancn contain 
ODTK at levels ranging from ü.001-0.5 tons/acre. Channel deposits in 
this stretch appear to oe most heavily contaminated in the shallower 
areas which do  not appear to be actively scouring. For example, at 
Mile i..7,  three-quarters of a mile downstream of Uoda Road, the highest 
OUTR levels in the channel occur in an area  50 to 250 feet to the left of 
the cnannel tnalweg at depths 2 to 3 feet shallower than the deepest 
point in the channel where DDTR levels are  approximately 17 pounds per 
acre vs. 490 pounds per acre at the thalweg. Channel deposits in Indian 
Creek downstream of the confluence with Huntsville Spring Branch contain 
UUTR levels ranging from approximately 2.2 lb/acre at the confluence with 
the Tennessee River to over  0.5 ton/acre at Mile 5.0, 0.4 miles upstream 
of the channe]  constriction at Centerline Road and 0.2 miles downstream 
of the confluence with riSB. 

The overbank  areas  within the HSB arainage basin are contaminated with 
LtuTR at levels ranging from approximately 0.002 to over 2 tons/acre, HS 

mentioned above, the most heavily contaminated overban* areas occur in a 
strip 250 to 5Ü0 feet wide paralleling the main channel from approxi- 
mately 1000 feet upstream of the old outfall downstream a distance of 
1.5 miles to below Mile 4.0. OUTR levels in this band range from >0.05 
to <2.3  tons/acre. The level of contamination, however, is inversely 
proportional to the distance from the main channel. The lateral 
distribution in this stretch does not appear to be symmetric wich respect 
to the cnannel, with areas to the south of the main channel contaminated 
for greater distance than those to the north, reflecting the broader 
width of tue floodplain and overoank to the south. Downstream of 
Mile 4.0, overbank areas do not appear to be nearly as heavily 
contaminated with UUTR, witn levels in the range of <1 to 23 lb/acre. 
These levels are comparable to those found in Indian Creek downstream of 
Mile 3.0. 

Off channel ponded areas in HS8 which are inundated at normal pool stage 
in Wheeler Reservoir, generally contained UUTK levels 5-lU times those 
found in aajacent overbank areas. JUTR levels generally range from 
4-8U lb/acre, although at Miles 3.o ano 3.5 levels in excess of 
200 lb/acre were observea. Nevertheless, all ponded areas sampled in the 
course of this study contained UJTR levels 2-J orders of magnituae 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 ÜDTK levels (TVA, 1977). 

With the exception of floodplain areas within 0.5 miles of the old waste 
ditch outfall, surface (0-6") soils within the floodplain of Indian Creek 
and Huntsville Spring branch generally contain UUTK levels below 
1 lb/acre. DUTK levels in BFC are on the order of <10 lb/acre. These 
areas contain a relatively minor portion, i.e.<< 1 percent, of the total 
UUTR contaminating the sediments of IC-HSB. 

The vertical distribution of tne OUTk in the channel and overbank areas 
is dependent upon the distance from the old waste ditch outfall. 
Figure Il-lb illustrates the UUTK 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 Uodd Koad. Upstream of Mile 3.5 evidence of significant 
OOTrt contamination at depths >24" exist. Although there is some indica- 
tion of highly contaminated sediments being coverea by less contaminated 
deposits, this does not appear to be a significant process as over 
57 percent of the UUTK in the channel sediments upstream of Uodd Koad 
occurs within 12 inches of the sediment:water interface. 

Ms mentioned above, of the estimated 475 tons of DDT« contained in the 
sediments of IC-HSB, 465 tons or over 97 percent is contained within the 
2.7 mile stretch of HSb between Oodd Road and Patton Koad. Of this 
total, 333 tons or 70 percent resides in the channel bottom deposits, 
136 tons or 2y percent resiaes 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 DOTR in the 
sediments of HSB upstream of uodd Koad exhibit a somewhat complex pattern 
as a result of repeated transport and deposition. Although 29 percent of 
the UUTK upstream of Uodd Koao occurs in the overbank areas outside of 
the main channel, at least 131 tons or over 96 percent occurs witnin 
20U feet of the channel. Furthermore, over 99 percent of the total DUTR 
in the overbank occurs upstream of Mile 3.5. Nearly 124 tons or 
91 percent of the total UUTK in tne overbank occurs within 12 inches and 
over 99 percent occurs within 2 feet of the surface. 

Figure 11-17 illustrates the relationship oetween the mass of UUTR and 
the associated volume of sediment in channel, overbank and ponded areas 
of  IC and HSB as well as the overall mass-volume relationship. Removal 
of +99 percent of the 0DTR contaminated sediments from IC and HSB would 
require the displacement of one million cubic yards. 

Over 73  percent of the DDTR contaminating the surficial sediments of the 
IC-HSb system occurs within only 0.12 million cubic yards in the channel 
and near overbank areas of HSB between Miles 4.0 and 5.4. This volume of 
sediment constitutes only 3 percent of tne total volume of UUTK 
contaminated sediment in the IC-HSB system. The next 20 percent of the 
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Table II-3b. Mass Distribution of D DTR in the Sediments of Indian Creek 
and Huntsville Spring branch as a Function of Hydr ologic 
Category, Augu st 1979 1 

Hydrologie Category 
Channel Overbank Ponded Total 
Tot IS Tons Tons Tons 

Location Depth as L )ur as DuT as DOT as DDT 

HSbM 2.4-5.6 0-6" 82 2 71.4 1.26 15b 
b-12" 104 52.0 0.10 156 
12-24" 102 12.7 0.14 115 
>24" 39 1 0.21 NEGL 39.3 

Overall 327 136 1.50 465 

HSBM U-2.4 0-6" 4 2b 0.22 0.1b 4.62 
6-12" 1 65 0.06 NEGL 1.71 
12-24" 0 .34 NEGL NfceL 0.34 
>24" 0 03 NEGL NEÜL 0.03 

Overall 6 27 0.28 0.15 6.70 

ICM 0 -b.O 0-6" 1. 40 0.14 0.b7 2.11 
6-12" 0 69 NEGL NEGL 0.69 
12-24" 0. 8b NEGL NEGL 0.85 
>24" 0 04 NEbL NEGL 0.04 

Overal1 2. 98 0.14 0.14 3.69 

NuTt: Includes estimated data. 

NtliL = Neglig ible 
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DDT residue contaminates  an additional  0.17 million cubic yarcis.    Just 
under 99 percent of the UUTK is  associated with  approximately 1.0 million 
cubic yards of   sediment,  the  bulk  of which occurs   in the channel   and  near 
overbank deposits  in HSb upstream or  the confluence witn  IC and 
downstream of the old waste ditch outfa1!.    Trie next u.75 percent of the 
UUTR contaminates a volume of  sediment  approximately equal   to the volume 
contaminated by 99 percent of  the  total   DUTR. 

Physically,  the  surface sediments  throughout MOS* of Indian Lreen. and 
Huntsville Spring Branch range from clay to clay  loam to  sanay clay. 
Channel   sediments throughout most of  Indian Lr^ek downst"eam of  the 
confluence with HSB are clays witn over 7b pe. .ent  fines,    bedimerits  in 
HSb exhibit greater variation  in general   than those  in  IC.    Nevertheless, 
the distribution of UUTK in  the sediments of botn IC and hSb does  not 
appear to correlate closely with any of the physical  characteristics of 
the  sediments. 

Nearly 67 percent  of  the  total   DUTK  in  the  sediments of  IC and hbB,  or 
318 tons,   occurs  as either tne o,p- or  p,p-isomer of UuT.     The remaining 
lb7 tons exists as one or the other of  the metabol i tes, UUU or Ui't. 
Overall,  ODD  is  the primary metabolite,  constituting over  two-thiros  of 
the metabolized fraction or 113 tons,    approximately 4a tons occurs  as 
DuE,  the other major metabolite. 

Tne distributional  patterns of DOT and each of the metabolites  are all 
different from each other as well   as that of the sum,  i.e.,  OlJTk.    The 
relative concentration of UUT is related to the total  UUTK concentration. 
Higher relative UuT concentrations  are correlated with higher UUTR con- 
centrations  as  snown  in Figures  11-18 tnru 11-20 for channel,  overbank 
and ponded area sediments. 

Figure II-21  illustrates  the relative contribution of UUT and each of the 
major metabolites to the total  UUTK in the surface 0-b"  sediments as a 
function of distance from the outfall.    UUT constitutes bU percent of the 
UUTK in HSB upstream of Uodd koad, 45 percent downstream  to the conflu- 
ence with IC and only 27 percent of the DUTK in Indian Creek.     In HSb 
upstream of Uodd Roao at depths >24" over 80 percent of the UUTR is UUT. 

Figure 11-22 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 UUT 
constituting most of  the DuTK in the heavily contaminated channel  and 
near overoanK sediments, witn UUU and  finally UuE predominately as one 
moves to areas further from the heaviest contamination.    This figure also 
illustrates 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 River and Tributaries 

rt summary of UUTK concentrations  in  sediments  in the Tennessee River and 
tributaries  is shown  in Table 11-37.    uetectable quantities of UUTR were 
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found in three of the seven tributaries in amounts ranging from 0.02 to 
U.17 ppm. Considering "less than" value-;, the maximum amounts that could 
have Deen present were 0.11 to 0.22 ppm. If no isomer was detected, the 
UDTH  detection limit was generally reported as <U.14 ppm. 

Samples were taken in the Tennessee River from Nile 2bU in Wilson 
Keservoir to Mile 375 in fauntersville Reservoir. Detectable quantities 
of UUTR were founa in all nine samples from TkM 2bU to TKM 3UU. The 
average actually detected was 0.08 ppm with a range of u.05 to O.lu ppm. 
Considering "less than" values these levels could be as much as Ü.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 aetecteo in 
either of the samples taken at TRH 320.8 and 325 in wheeler Reservoir 
upstream of the confluence with IC. 

The UUTk was estimated for Wilson keservoir, wheeler keservoir 
(TRH 275-300), Limestone Creen, Paint kock River, and Spring ireek. No 
estimate was made for areas where no DDTK was detected. Trie amount of 
UUTR was calculated assuming a six inch aeptn of seaiment, measurad 
moisture and volatile solids fractions, bottom area at high pool (i.e. 
elev. 55b) measured UuTk values ana the calculation procedure described 
in Section 3.1.1. The results are as follows: 

Total UuTk, lbs 

Wilson Reservoir 
Tennessee River 275-300 
kaint kock River 
Limestone Creek 
Spring Creek 

3.2 UISTRIbUTlUN OF UuTk IN WATER 

The quantity of UOTk  suspended or  dissolved in the water column at a 
given instant is a relatively minor fraction of the total quantity of 
OOTR in the IC-HSB-TK system. For example, based on the range of DuTR 
concentrations observed, in Wheeler Reservoir ana its major tributaries 
during the course of this stuay, including IC and HSb, less than 1 ton of 
UOTk as UUT is likely to ever be in suspension at a given point in time. 
If the UUTR were uniformly oistributea, nearly 0.3 tons would have to be 
in the water columns to reach analytical aetection limits reported in 
this stuay. 

Maximum UUTR concentrations oüserved during tnis study occurred at HSL> at 
Uodd Road during storm event sampling on l/i8/b0. A total UUTK concen- 
tration of 17.8 ug/1 as OUT was ooservea, of which over 80 percent was 
associated with suspended material >lu. UUTK levels measurea in tue 
waters of the TR and tributaries were generally below or only slightly 
above analytical detection limits. This fact, couplea with toe 
relatively small data base precludes u\ore  precise estimate of  DuTR 1i 'up 
water column. 

>   äuü <1,780 
>2,79U <3,8öÖ 
>      u.y <    la 
>       34 <     134 
>      45 <      81 
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3.3 BIOTA 

3.3.1 Plankton 

The inclusion of inorganic participates in both the phytoplankton and 
Zooplankton samples made separation of these components impossible. 
Therefore, the amount of DUTK in suspended solids was used and the reader 
is referred to Section 3.Ü for this information. 

3.3.2 ÜÜTK in Macroinvertebrates 

The macroinvertebrate UüTk values  are reported based on a unit weight of 
organism (mg UuTR/gm organism).    The total weight of organisms  in the 
sample  is reported also but no indication is given of how much bottom 
area was sampled.    Lxamination of the field notes snows that grabs at a 
single station  varied from 1 to 9.    This data has been used to estimate 
the amount of UuTk in the  benthic community in the HSB-IC system and in 
Wheeler Reservoir.    Because of the wide difference  in UOTk concentra- 
tions, the areas have been divided and the DuTk in macroinvertebrates 
estimated separately for each  area.    The total  DUTR in macroinvertebrates 
is calculated using the total  area of the reach in question, the weight 
of macroinvertebrates  in a sample,  and the rfverage DUTK concentration  in 
the reach. 

The results  are as follows: 

Huntsville Spring branch 
Indian Creek 
Tennessee River Mile 275-340 

TOTAL 

3.3.3 Vertebrates (Except Fish) 

Samples were collected from various vertebrates in the study area. These 
were turtles, snakes, breen Herons and Wood Ducks. A separate report o> 
the Patuxent Wildlife Research Center (U'Shea, 19B0) documented levels in 
Mallard ducks, crows, and two species of rabbits. Other small mammals 
(shrews and muskrats) were also assessed for the DUTR level. There are 
no available population estimates for these species, so only relative 
amounts can be calculated. For the purpose of this section, the amount 
of DUTk in birds and mammals will be estimated with the following 
assumptions: 

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

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

3) The overall estimate of UOTR in the vertebrate population is 
based on the area of Wheeler National Wildlife Refuge. 

lbs.  UDTR 
12.5 
1.3 

.40 
14.3 
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For migratory oirds,   approximatey 50,uU0 ducks  ana  30,000 Canada geese 
utilize  tne Refuge during the winter  period.     Utilizing  a 4 ppm uuTR 
level   tor Mallard ducus  as  the  oase  residue  amount  (o'Shea, 19b0);   and 
average weight of b pounds  per  oira  then waterfowl   populations  of  this 
size would contain  1.6 pounds of DUTK.     If  tne  assumption   is made tnat 
all   other  bird  species  contain  the 4 ppm UUTK,   then  per 
100,000 individuals  (1 pound  average)  the  amount  would be U.4 pounds. 
The amount of UUTK  in  oirds  at  a vet-y conservative estimate   is  aDout 
2 pounds. 

an 

In mammals,  an estimate of 25 pounds oi   biomass per acre  is considered 
appropriate (Marion,  1980).     Tne Wneeler Wildlife Refuge contains 
3/,b48  acres.    Analysis  oy TVM shows  that  snrews contained  the  highest 
level   (52 ppm)   in the Huntsville Spring brancn  area.     Using tnis concen- 
tration  at  10 percent  of  the  per  acre biomass  ario 9U percent  at  1 ppm, 
then  the amount of OuTk in wneeler Retuge  incorporated   in  the mammal 
population   is b pounds.    This  amount   is  considered   a hign estimate  and   in 
actuality the   level   is probably  lower. 

3.3.4    DDTK  in Fish 

because of the many variables involved it is not possible to oDtain a 
precise value for the total amount of UUTR m Fish in wneeler Reservoir. 
The average standing crop of fish has been estimated from 5b samples 
taken from 1949 to 1979 Dy TV« to be bU4 pounds per acre. This number 
has ranged over the years ana by location in tne reservoir from 118 to 
lloU pounas per acre. Also, the average UuTk value for all fisn species 
is not known since only 3 or 4 species, nave  been tested to any extent. 
Nevertheless, it the assumption is made that the standing crop throughout 
wheeler Reservoir is 504 pounds per acre and tnat the average UUTR 
concentration across all species is 1 ppm, tne total amount of DUTK in 
fish in wheeler Reservoir (including tributaries) would be 34 lbs. If 
the average ÜüTK concentration was assumed to be 10 ppm, a figure that 
should be an upper limit, the total amount of DOTK in fisn would be 
340 pounds. 

3.4 OVERALL DISTRIBUTION OF DOTR 

The overall distribution of UOTk in the study area is as follows: 

Tons Percent  of 
Substrate Location 

II and HSB 

of DUTK 

475 

Total 

Sediments 99.4 
Sediments TRM 275-300 1.4-1.9 0.29-0.40 
Sediments Wilson Res. 0.4-0.9 O.Ob-0.19 
Sediments Other Tk  Tri bs. 0.04-0.12 0.00b-0.025 
Water Wheeler Res <0.3-l <O.Ob3-0.21 
r ish Wheeler kes 0.017-0.17 0.004-0.036 
Macroinvertebrates wheeler Res. 0.007 0.001 
Mammals Wneeler Refuge 0.003 0.001 
Birds Wheeler kefi ige o.ool 0.001 

TOTAL 477-479 loo 

L 
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4.U     LUVIKUMIIMML   TR^bPüKT  üh   üUTK 

4.1     PHVSRML   TKAIVSHUKT  uf-   DuTK 

4.1.1 Introduction 

Fluvial  iransporx   ^poears  to je the major process dispersing  the üDTk 
contamination occurring  in  tne  sediments of Mio ana  IC through  the 
biospnere.     LIUTK  is  currently Deing  transported  out  of  tne  iC-HSb 
drainage  basin  at a  rate of U.31  to  1.3 tons  per year,  or  u.07 to 
Ü.3 percent  per year or  the  total  quantity contained within  tne  sediments 
of the IC-riSb system. 

4.1.2 Methodology 

In the course of this  study a consioeraDle data base relating to the 
transport of uuTk within ana out of tne IC-hSb drainage Dasin has  been 
generatea  by TVM.    An extensive  network of hyarologic   ana water  quality 
monitoring stations was establisneG upstream ana downstream of tne area 
of  highest ÜUTK contamination  and  an  intensive field  sampling  program was 
carried out from Mugust,   Iy79 tnrougn April,  iybü.     Tne   locations  of the 
rain  gauge,   stream gauging stations,  water  quality  sampling  stations  ana 
bedload  sampling stations useo  in tne course of tms stuuy are snown  in 
Mgure 11-23. 

All  rain gauge and  stage records were suppli 
record.    Streamflow oata was obtained from f 
TVM.    Suspended  solios data for size fractio 
fiber and retained on a ü.4bu memDrane filte 
retained on a lu  (nom.)  glass  fiber  filter; 
were supplied by TVM.    Volatile suspended so 
passing a 63u sieve and  retained on  a glass 
a t>3u sieve were also  supplied Dy TVM.    UUT 
passing a lu (nom.)  glass  fiDer filter  (i.e. 
retained on  a lu (nom.;  glass  fiber  filter a 
"suspended"; were  also supplied tiy TVA. 

A screening procedure was developed to determine the primary factors 
atfecting the transport  of DUTK within  ana out  of the  IC-HSb drainage 
system.    This procedure utilized the CORK (Correlation Matrix),  STtPWISt 
(Stepwise Kegression)  and  GLM (General   Linear Model}  procedures  of SAS 
(Statistical  Analysis System)   (SAS,  1979).    Trie first step  involved the 
identification of  tho^e  factors directly or  indirectly afrecting  the 
fluvial   transport of üüTK.    Those  factors  identified,  and quantified  to 
the extent  possible,   included: 

sampling location 
discharge 
mean cross  sectional   velocity 
season 

eo  oy TVM for the  period of 
ield notes  al so  supplied by 
ns  passing  a lu  (nom.)  glass 
r;  passing a bJu sieve ano 
and  retained on a 63u sieve, 
lias data for fractions 
fiber  filter; and  retained  on 
residue data Tor  tractions 
."dissolved/« uspended")  and 
no  passing a 63u sieve (i.e, 
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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),   ana 
event anticedent conditions (stage,  streamflow and rainfall 
related) 

suspended solids  load,  and 
volatile suspended solids  load. 

Each of the  individual metabolites,  UUT, DDL)    and DDE as well  as the 
total UUTK load were treated as dependent parameters.    A separate  line of 
model  development was followed for both the "suspended"  and 
'dissolved/suspended" ÜUTK 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  UUTK were convertea to equivalent weight as UUT.    nil 
üüTK concentrations were converted to  loading rates and the  logrithmic 
transformation employed  in subsequent  analyses. 

The sampling  location was heated as a class type variable so that the 
observations  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.    Mil  reve.se flows 
(i.e.,  streamflow in an upstream direction),  as well  as streamflow data 
which was deemed to be biased low because a significant  overbank  flow 
component had  been neglected, were treated as missing values  in the 
subsequent  analysis of  the data.    A correction was applied to measured 
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 employed  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 aate in subsequent 
analyses or the determination of  its significance as a factor  affecting 
UUT« transport.    All  estimates of  summer season UUTR transport, 
therefore,  are based on winter  season sampling results. 

based on the evaluation of  the streamflow data,  the relative hydrographic 
position at which an observation was made was classified  as either 
rising,  falling or base flow.    However, no base flow measurements were 
obtained during this study. 
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Streamflow event relatea parameters identified in this study incluaed tue 
event sampled, type ot event and event anticeaent conditions. The event 
sampled was treatea as a class type variable to determine if a signifi- 
cant component ot the error could be accounted for simply by event-event 
sampling protocol. Kunoff events were classified as either headwater or 
tai ater based on wnether or not a significant component of the aown- 
str.cini flow component was contributed by flow originating outside of the 
IC-HStt drainage oasin. The criteria employed in this classification was 
whether or not the stage in tne Tk at whitesburg equalled or exceeaeo 
elevation bb4 feet MSL, the elevation of the saoale of the sill 
separating the HSb drainage basin from the Unnamed Creek basin. Lvent 
anticedent conditions based on inter-event baseflow periods, inter-event 
low stage periods as well as inter-event rainfall periods were examined. 

Suspended solids data was obtained for each ot three separate size 
classes; material retained on a 6Ju sieve representing sands, detritus, 
etc., material retained on a lu (nom.) glass fiber filter and passing a 
b3u sieve representing silts and medium and coarse clays; and material 
retained on a 0.45u membrane filter and passing a lu (nom.) glass fiber 
filter representing primarily fine clays. Meaningful partial sums as 
well as total suspended solids were aetermined. All less than 
concentrations were taken as equal to half the stated value. All 
suspended solid concentrations were convertea to loading rates ana the 
lugirithmic transformation employed in subsequent analyses. 

Volatile suspended solids data was ootainea for each of two separate size 
classes: material retained on a 43u sieve and material passing a b3u 
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, ranked correlation coefficient matrix of Fearson Correlation 
coefficients was employed to determine which of the competing, redundant 
predictive parameters were most closely correlated tn UUTk transport. Of 
all the suspendea solios and volatile suspended solids fractions 
suspended (as well as dissolved/suspended) UUTK transport was most 
closely correlated to the corresponding suspended and volatile suspended 
solids transport (i.e., that portion >lu and <63u). Thus, only the 
suspended and volatile suspended solids fractions in the size range >iu 
ana <bJu were employer) in subsequent regression modelling. Similarly, 
the type of event (i.  headwater or tail water) as well as 
rainfall-relatea anti.>. ;nt event parameters were the only event related 
parameters utilized. 

The STtPwISE procedure of SAb was employed to determine the most 
significant main effect and interaction terms to be employea in the 
subsequent regression models. Mnally, the GLw procedure was utilized to 
develop the final somewhat simplified empirical model used in subsequent 
data analysis. 

Suspended and volatile suspended solids loading-streamflow relationships 
were developed utilizing multiple regression techniques ana the tiLM 
procedure of SMS. Separate regression models were developed for each 
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size  fraction  as well   as  for meaningful   partial   and  total   sums,     sampling 
location was  treated  as a class  type variable  in a manner analogous  to 
that  employed   in  modeling  UUTK  transport. 

nn  attempt was maoe  to measure  Deoload UüTk ana  solids  transport at 
selected   locations   in  IC and nib.     however,   dS  tuis  component  of  both  tnc 
total   UuTk  load  as well   as  tne  total   suspended  solids   load was  determined 
to  be negligible,  bedload  sampling was  discontinued  during  tne  winter 
season  sampling penoa. 

4.1.3    Discussion 

A  sumnary of  t 
TVn are  snown 
11-26.     These 
Seasonal   stage 
period  of  reco 
/->  sur.nnary ot  " 
UUD and  L)Ut me 
Tuole  11-39. 
"dissolved/sus 
Trie  regression 
solids  loaaing 

he  seasonal   streamtlow duration relationships developed oy 
in Table  11-38 and   illustrated   in Figures  11-24  through 
relationships  were  developed  neglecting reverse  flows. 
duration relationships  at wmtesburg,   TKH 333.J ror  trie 

ra   1/1V5CJ through 12/ly/y are   illustrated   in Figure II-2y. 
suspenoto"  UUTK  loading  rate regression models  tor the LiuT, 
tabolites   as  well   as Total   UuTk  loading  rates   is   shown   in 
The  corresponding  regression models   for  tne 
pendeu" DuTk  loading rates  are  summarized  in Table  Ii-4u. 
models  ror the suspended  solids ana  volatile  suspended 
ratcc.   are  summarized   in Table  11-4j.. 

Predicted  seasonal   and  annual   suspended  and  volatile suspended  solids 
loads  at each of  tne  sampling   locations  are  summarized   in Tables  II-4Ü 
and  11-43,   in   seasonal   ano  relative terms,  respectively.     Also   included 
in  these  summary tables  are  the 9b percent confidence  limits  about  the 
predicted mean values,    basea on these figures  total   suspended  sediment 
yield  from the Hbb crainage basin   is  not  sign'ricantly different   from 
that ot  the  IC drainage  oasin,   i.e.,  2y-b4  and  39-7U tons/sq.mi/yr, 
respectively.     Suspended  sediment yield  from the  IC/Hbb drainage basin 
during winter  (November-April)   is over  four  times  greater  than during the 
summer iMay-uctober).    Silts  and medium and  coarse clays comprise over 
9Z percent of the  total   annual   sediment  load at the moutn of It,   tine 
clays comprise  approximately 6 percent   and  sands  the  remaining 1 percent. 
The  silt  ano medium and  coarse clay component  of  the annual   sediment   loao 
at Patton koad  on HbB  upstream of  the  highest DuTk contamination   is  about 
bii  percent,   fine  clays  comprising   less  tnan  1  percent  ana   sands  over 
10 percent  of  the  total.     In general,   fine clay component  of  tne  total 
suspended  sediment   load,   althougn relatively minor,   increases  in the 
downstream direction  whereas  the  coarser  component  of  the  suspended 
sediment  load decreases. 

As   indicated   in Table  11-39 the  suspended  DuL<  transport  rate   in  tne 
IL-Hbb system   is predicted  reasonably well,  r=0.9U,  by considering 
sampling  location, discharge,   the  type of runoff event  (i.e.,   heaowater 
or  tailwater;   and  the  transport  rate of the corresponding  suspended 
solids  size  fraction  (i.e.,   <üJu  ana>lu).    Predictea  seasonal   and   annual 
suspended uuTk tra"sporl  rates  throuyn  and out  or   the iC-hSb drainage 
system are summarized   in Tacle  11-44,   ana   illustrated   in Figures  11 -JU 
through  Ii-32.    These predictions  are based upon the emp'    cally aenvea 
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UUTk transport model, medn seasonal   discharge  as  determinea  from the 
seasonal  flow duration relationships,  predirtea  seasonal   suspended solids 
transport  rates  as well  as  seasonal  estimates of  the  frequency with which 
headwater  and tailwater events occur  in  the  sampled  reaches  of  tne lC-Hbb 
drainage basin,    also   included   in the  suspended DOTH  load  summary tables 
are  approximate 95 percent confidence   limits  about  the predicted mean 
loadings.     These   intervals were developed by taking   into  account   the 
uncertainty  in  the estimates of  seasonal   suspended  solids  transport  as 
well   as   in  the UUTK transport model. 

The  transport  rate  of the  dissolved/suspended  component  of  the DUTk loao 
in  the Il-nbB  system  is modeled by a  somewhat  simpler relationsnip tnan 
is  tne  suspended UuTk component  (see  I'aoles  Il-Jy and 40).     Sampling 
location, discharye and the volatile  suspended  solids   loading  rate (<b3u 
ano>lu)  predict  the oissolveo/suspendeu  UUTk  transport   rate reasonably 
well,  r=0.93.     Predicted   seasonal   dissolved/suspended uuTk  transport as 
well   as  approximate 9b percent  confidence  limits  are  also summarized   in 
Table  li-<*4 and   illustrated  in Hgures 11 -30 tnrougn  11-32. 

4.1.4    Conclusions 

based on  the  figures  shown  in T-ible  11-44,   Ul)Tk  is  currently being 
transported out of  the IC-HSB drainage basin by means of fluvial 
transport  processes  at  an  average  annual   rate of O.o4 (U.31-1.3)  tons  per 
year  as UL)T.     In other words,   less  than 0.13 (0.07-Ü.27)   percent per year 
of  the  total   quantity of UuTk contained within  trie  sediment  of  the  IC-HSI 
systems  are being  transported  tnrougn  ano  from the  system by means or 
fluvial   transport  processes.     Over two thirds of  this   loao,  or 0.43 
(U.23-U.bU)  tons   is  transported during  the winter   season  (i.e.,   November 
through April) with  the  remaining 0.21  (0.09-O.bU)  tons  being transported 
during  the  summer months.     The UUTK  load  to the Tennessee kiver   is 
approximately equally divided  between  suspended  and  disso1ved/su?pendea 
tractions,   i.e.  47 and 53 percent,   respectively,     ^s a ^esult  of   low 
velocities  and  the  tine grained material   comprising  tne  channel   Led   in 
the  lower reaches of Hbb and IC as well   as tne  association of UuTk with 
clay minerals,  the bedload component of the DOT« load out  of  tne  [C-H5b 
drainage system  is negligible. 

An examination of the  predicted UüTk transport   loadings   indicates  that 
the net source of the UUTk being transported thruuyh  the  Ic-nbb  systen is 
ttie  stretcn of Hbb upstream of uodd and downstream of Patton koacis.    DUTN 
is  being  transported  downstream of this   location  at  an  average annual 
rate of 0.b2  (0.25-1.6)  tons per year  as UUT.    Approximately three 
quarters of  this   loao,  or U.47  (U.20-1.I)  tons,   is  transported during the 
winter months,  a slightly higher percentage than that  transported  during 
a comparable perioa out of  It.     dearly ob percent  of   the annual  UUTK  loao 
transported past Oodo koad  in HSfcs  is  associated with suspended material 
<b3u  ano>lu,   as compared  to 47  percent  at  the mouth of  IC. 

Less  than 2 percent of  the uUTk  transported out of the  R-Hbb drainage 
system derives from sources   in  the Hbb basin upstream ot  Katton Koad  ana 
the  dreä of heaviest DUTk contamination.    Altnough data corresponds     t 
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that available in hSb does not exist for IC, the relative contribution to 
the annual DUTk load exported to the Tennessee kiver from sources in the 
IC drainage basin upstream of tne confluence with HSb is certainly less 
than 6U percent and more likely on the order of about 3 percent. 

Examination of the estimated confidence limits about the predicted mean 
seasonal and annual fluvial DLiTk '.ransport rates indicates tnat the 
suspended UUTk loading rates downstream of Uood Road could vary as much 
as an order of magnitude. Dissolved UDTK loaaings can be predicted with 
somewhat greater confidence, and may vary over a range of about 1:5. h 
greater degree of relative uncertainty exists in predicting UUTk loads at 
Patton koad, HSBh 5.9 upstream of the area of heaviest DbTR 
contamination. Adding to the uncertainty in estimating seasonal and 
annual DUTP. transport rates from and tnrough the 1C-HSB system is due to 
the fact that these estimates result from extrapolations of the 
empirically derived models. 

Examination of Figures 11-44 in which the seasonal, suspenaed, 
aissolved/suspendea and total DDTk loading rates are graphically 
displayed along with attendant 9b percent confidence intervals indicates 
that, although there is a significant increase in UUTK transport between 
Patton and Dodo Roads in HSB, little can be stated with any degree of 
confidence concerning UUTk deposition or resuspension rates downstream of 
bodd koad. Nevertheless, during the winter months there is an apparent 
decrease in tne suspended UUTK load of Ü.12.  tons per year  and an increase 
of Ü.08 tons per year of tne UUTk load which is dissolved or associated 
with fine clays or colloidal material or a net deposition rate of 
U.7 tons per yjar in HSB downstream of Uodd koad and IC upstream of 
Mile ü.y. During the summer months there is an apparent  net increase in 
the UUTR transport rates of about 0.U9 tons per year downstream of Uodd 
koao. ur. an annual basis, approximately U.U4 tons per year of suspenued 
uUTR is being deposited in IC-HSB downstream of Dodo Road and an increase 
of ü.uo tons per year  of tne UUTk load associated with fine clays, 
colloidal material or dissolved. Thus, on an annual basis the transport 
of UUTk through the IC-HSB system downstream of the most heavily 
contaminated stretch of HSB appear to be of steady state. 

As indicated in Table iI-4b, UDU is the primary metaDolite component of 
both the suspended and the dissolved/suspended UUTk loads being 
transported past all sampling locations. Nearly three quarters, 
74 percent, of the total annual UUTk load exported out of the IC-HSB 
system is ÜUD. The metabolite uUt and UUT are transportea in roughly 
equal percentages, i.e., 14 percent DUE and I'd  percent DUT, out of 
IC-HSB. The metabolite distributions of the suspended and 
dissolved/suspended DuTk loads are somewhat different. The relative DUE 
and DUT components of the suspended UUTk fraction are 6.5 and 1.3 times 
that of the corresponding dissolved/suspended DDTk fractions, 
respectively. The metabolite composition of the suspended DDTK load 
compares reasonably well to the average DDTk composition of the surface 
U-6" sediments in IC downstream of the confluence with HSB, i.e. 
3D percent DUT, 41 percent DDD and 27 percent DUE. The greatest 
deficiency occurs in the DDT component. The dissolved/suspended UDTR 
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loaa  appears  to be  deficient   in  both  the üuT ana  DUE   components,  relative 
to tne  surface  sediments   in  It.     The metabolite distribution  of  tne UUTR 
loaa does  not   appear  to   /dry significantly  in  tue  1C-I-ISü downstream of 
tue most  heavily contaminated  stretch of hiß. 

4.2     tiluLOGICAL  TKAiNSrHJkT  uF   UDJK 

4.2.1    Hank ton 

The transport of UuT in an aquatic system will occur principally through 
sorption to particulates. These may be inorganic in nature sucn as clays 
or bioparticulates of various size classes, nn objective of the study 
was to determine the magnitude of DuTK transport by  plankton, consider- 
ing the waters of Indian Creek and Huntsville Spring tränen as a point 
source of DUTK to the m<iin body of Wheeler Keservoir, a series of 
sampling stations were set up to determine transport oy the plankton 
component. Stations ranged along huntsville Spring orancn from N1le U to 
3.9, and in Indian Creek from Mile Ü to 4.b. Stations in the keservoir 
were located aoove and below the confluence of Inoian CreeK. 

As part b.l of this appendix shows, results are masked by tne inability 
to separate plankton from inorganic particulates in trie sample.  Tnese 
inorganic suspended solids account for some of trie uuTk in tne sample. 
The total suspended solid fraction was employed as a means of  determining 
movement of pesticide by this mechanism. TVA data snow ttiat tne UDTK 
ascribed to phytoplankton began to rise at HS&fo b.37. This location is 
immediately downstream from tne former waste oitch ano represents a 
heavily contaminated site. A peak was observed at HSBM Z.*  and then 
levels declined, uased on arithmetic means the maximum amount was 
lU.S ug/gm. At HSöfi U.O the concentration had dropped to about naif this 
level. At ICM 0.Ü, the entry of the creek waters to wheeler Reservoir, 
the concentration was 2.4 ug/gm and 0.21 uy/gm in two discrete September 
samples. 

witnin the Reservoir tne concentration was 0.2 ug/gm on an average at 
stations above ano below Inoian Creek confluence. 

Zooplanxton collections exhibit a similar distribution pattern to 
phytoplankton. Beginning at HSttf! S.9 increasing levels of UUTK were 
observed downstream. A maximum of 1,06b ug/gm occurred at HSBft 2.4 with 
a gradual uecline to 332 at Hbbi'l U.U. Tne concentrations are based on 
arithmetic means of all samples collected from September through Decem- 
ber, ly79.  indian t.reek shows a distribution similar to that of HSb. At 
mile point 4.6 an avei age of 338.7 ug/gm was noted with a reduction to 
4b.1 uy/gm at UN 0.0.  in the Tennessee Rive;- levels varied from 
0.1/ ug/gm to **.b ug/gm witn the maximum at the upper ard lower extremes 
of wheeler Reservoir. As with pbytoplan«.ton, the variation in uuTk with 
tne two creeks could be a function of clays or other inorganic particu- 
lates retained in the net and may not be a reflection of the amount or 
residue in Zooplankton. Calculation of the amount transported ty 
suspenued solids has been included in Section 4.1.1. 

REVISED APRIL 1984 

J 



——-»— wm^^^^^mm 

Table 11-50. UUTK Residues in Selected biota within the Study Area 
(Continued, page 2) 

Collection Sample Type average Total 
Location Date (Species) (UbTK (ug/g; 

Tennessee River 328.50 Hibiscus 0.007 
Tennessee Kiver 359.0Ü —n  0.004 
Huntsville Spring branch 4. 50 10/18/79 Lemna-Spirodel a     5.6U 
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 ii 332.0 
Huntsville Spring Branch 1. 30 ii 577.0 
Huntsville Spring Branch 2 .40 9/24/79 M 935.0 
Huntsville Spring Branch 2 40 12/15/79 II l,0b5.0 
Huntsville Spring Branch 5 37 9/25/79 H 175.0 
Huntsville Spring branch 5 90 9/25/7y II 9.bb 
Huntsville Spring Branch 5 .90 12/15/79 M 1.70 
Indian Creek 0.00 9/5/79 H 48.1 
Indian Creek 0.80 12/15/79 H 3.03 
Indian Creek 4.00 9/5/7y II 190.0 
Indian Creek 4.00 9/25/79 II 168.0 
Indian Creek 4.6Ü liVlb/79 H 339.0 
Tennessee Kiver 289.90 9/28/79 H 4.b4l 
Tennessee River 315.00 9/25/79 II 0.5b7 
Tennessee kiver 345.00 9/27/79 H 0.173 
Tennessee River 350.0U 9/27/79 M 4.611 
Barren Fork Creek 1.20 9/24/79 Phytoplankton 0.567 
Huntsville Spring Branch 0 .00 9/25/7y II 5.68 
Huntsville Spring Branch i .30 9/24/79 II 7.07 
Huntsville Spring branch 2 .40 9/24/79 II 10.5 
huntsville Spring branch 5 .30 9/25/79 II 3.26 
Huntsville Spring branch b .90 9/25/79 H 0.250 
Indian Creek 0.00 9/5/79 H 2.44 
Indian Creek 0.00 9/24/79 II 0.207 
Indian Creek 4.00 9/5/79 H 4.15 
Indian Creek 4.00 9/24/79 •1 3.311 
Tennessee River 289.9 9/28/79 H 0.200 
Tennessee River 315.0 9/27/7y •1 0.200 
Tennessee Kiver 345.20 9/27/79 H 0.200 
Tennessee River 350.00 9/27/7y M 0.200 
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Taule  11-48.    Comparison of üüTk Concentrations  in channel  catfisn 
Fillets   it.  ly79 

location April May July-Uct 

TKH-27Ü 
TkM-27b 
TkM-280 
TkM-28b 
TkH-290 
TkM-295 
TkM-3ÜÜ 
TM-305 
TkM-310 
TKM-315 
TkM-320 
TRM-32b 
TkM-330 
TRM-33b 
Tki»i-340 
TKM-34b 
TkM-350 
TkW-3bb 

13J 

39u 

2.b 1.3 
9.3 1.8 

iu. Ü.7 
6.7   
y. 2.0 
3.6 1.9 

16. 12.b 
6b. 12.ö 
31. 1.2 
16. 9.1 
70.. 9.b 
28.l U.3 
71.  „ U.3b 

4"f 17.% 
0.3b 
1.2 

1.9^ 1.2 
2.9- 
1.7 

Concentrations in ug/9 

TkM 270 in Wilson Reservoir 
TRW 3bU-35b in Ountersville Reservoir 
All other sites in Wheeler Reservoir 

Unless otherwise notea all samples are six fish composites. 

Five fish composite 
Four fish composite 
Three fish composite 

Source: April and May data are from Tennessee Valley Authority (TVA, 
1979b). July - Sept. data were collected as part of the 
current study (see Appendix V). 
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Table  11-52.     Summary of DDTR  Results of June-July 1980 Fish Survey 

Composite 
Location Species Sample 

TRM 275 CC 9.3 
TRM 280 CC 8.5 
TRM 285 CC 15 
TRM 290 CC 15 
TRM 295 CC 15 
TRM 300 CC 9.0 
TRM 305 CC 10 
TRM 310 CC 9.2 
TRM 315 CC 5.4 
TRM 320 CC 120 
TRM 325 CC 100 
TRM 330 CC 34 
TRM 340 CC 25 
FCM 5 CC 50 
LCM 3 CC 14 
SCM 1 CC 5.8 
TRM 280 SMB 6.4 
TRM 290 SMB 12 
TRM 300 SMB 6.3 
TRM 310 SMB 4.3 
TRM 320 SMB 25 
TRM 330&340 SMB 0.89 
TRM 285 1MB 0.38 
TRM 345 LMB 2.1 

lnd ividual  f is!)  Samples 
Average Range 

.0 

.5 

11 
8. 
9. 

13 
14 
11 
14 
9.2 
7.6 

120 
190 
32 
33 
45 
13 
5.0 
3.9 

10 
5.0 
4.0 

24 
0.95 
0.36 
2.4 

4.5 
5.5 
2 
3 
4 
3 
9 
3 
3.3 

13 
0.74 

2 
1.5 

10 
2 

2.6 
2.3 
3.4 
1.3 
1.4 

0.43 
0.25 
0.11 
0.35 

-25 
•13 
-19 
•22 
•31 
•18 
•22 
•17 
•P 
•360 
•1100 
•140 
• 180 
150 

•28 
9.1 
•6.8 
21 
10 
6.1 
,48 
2.5 
•0.80 
7.4 

Concentrations   in ug/g 

CC=Channel Catfish,  SM8=Smallmouth Buffalo,  LMB=Largemouth Bass. 

Six   individual   fish were  taken  at  each  sampling  location.    All   analyses 
*?re   in fillet   samples. 
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data on smallmoutn buffalo  indicate tnat this  species   is  contaminated 
particularly at  ana downstream of IC.    Data on  largemouth  bass  showed 
lesser overall  contamination  levels uut some  individual  fish ,iaa 
relatively nigh UUTR levels. 

5.3.2    Method of Contamination 

Clarification  regarding both  the  source  and mechanism of UUTR contamina- 
tion of fish  in the TK is  important  in  assessing any proposed clean-up 
plans.    Several  possibilities exist:     1) üuTK  in tne TK coulo be coming 
from the IC-HSb system and possibly other sources, 2)  Msn  in the TK 
could be oecoming contaminated due to   low level   concentrations of ÜUTR in 
trie water  and/or  sediments  of the TK,  3) Fish  in the TK could  be  becoming 
contaminated due to migration  in  end out of tut  IC-riSb system. 

Sediment analyses clearly show the IC-HSb system  as  being a major source 
of UDTk.    Further,   it has been shown tnat at  least  some DUTK is being 
transportea out of  the IC-HSb  system to tne TK.     Sediment  and water 
analyses for  the TR and  tributaries   indicate  no otner  significant  source 
of UuTK.    The only  indication of  anotner  source or   significant UuTR 
contamination   is  the  elevated DUTk levels   in  fish  sampled   in 
July-August  i98u from Hint  Lreek Mile  b.     t*o explanation  for  this  is 
known.    Thus,  the best evidence seems to De tnat the HSö-IC system is a 
major source of contamination and possibly the on'iy significant source. 

The mechanism of contamination of  fish   in  toe Tr!  is   important  not  only 
in understanding the present  situation but  also  in  predicting the 
effectiveness of  any clean-up procedure.    Of particular  importance  is 
whether contamination   is occurring by migration of  fish  from IC and HSB 
or in situ due to exposure to very low levels of ÜDTR in  sediments  and/or 
water.    An examination of  the pattern of contamination for  individual 
fish  in the June-July 1980 survey gives  some  indication of the mechanisms 
involved,    below IC from TkM 315 to 27b (9 samples) the average UDTk in 
individual  channel  catfish was lü.b ppm with  a range of  2.8 to 3i.    uf 
the b4  individual   fisri  from this  area, 44, or 81 percent,  haa UUTK  levels 
greater than b ppm.    At TKM 321) (1 mile from the mouth or  IC)  all  fish 
haa DUTK levels above 13 ppm.    Aoove Indian Creek (TkM 325-340) 
50 percent of the  individuals hau DuTk levels greater than b ppm.     Thus, 
a more consistent pattern of contamination was tounG oelow IC in tne Tk. 
Auove IC the  variation  in DuTR values between  individual  fish was much 
greater than  below IC.    The  isolated occurrences of very high values 
(>loO ppm) suggests an upstream migration  from tne  IC-niB area. 

Further evidence of possible mechanisms  involved can  be ohtained by 
examining the  low values  at each  location.    Below IC from TKM 315 to 27b 
the average of the  lowest value found at eacn  location  is 4.b ppm UuTK 
whereas  above  IC the   lowest  values  average  1.4 ppm UuTk.     This  suggests 
tnat there  is  sufficient UOTK in t' e TK downstream of  IC to produce a 
base  level   of contamination   in channel   catfish very ne<ir  the FUH limit. 
Upstream,  base   levels  are much   lower anu contamination by migration   is 
indicated. 
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TVA has conducted  fish tagging  ana movement  studies   in  wheeler Keservoir 
(TVA,   197t'g).    Sufficient recoveries were made for six  species  to relate 
distance from release point  as  a function ot   time since  release,     H 
summary of  the data  is  as follows: 

Distance from Release Point  after bü [.'ays  (miles) 

Species 'dQ% ot  Fish 5% OT  Fish > 

Channel   cattisn 7.b 
blue catfish 4.7 
Hathead  cattish 5.8 
white crappie b.fa 
White oass 2<L.l 

For  all  specks except tlathead  catfish,  5 percent  of  the population 
would be expected  to be more than  12.7 miles  from tne  release  poi';t   after 
bü days.     Tne white crappie  and white bass moved   longer distances  than 
the catfish. 

Tnus  while  chere  is  some evidence to  support  the  hypothesis  tnat 
migration   is contriouting  to contamination upstream or  IC,  evidence also 
exists  that, aownstream of  IC,  OUTK  in   tne Tennessee River   is 
rnntr thiil inn    tn    tich    rnnt ^rriin^t Tnn ^ i \     c *jj ir ttan?     <.^nmlt>c    frr.n   whoplur contributing  to  fish  contamination.     i>ix   sediment   samples   fron wheeler 

13 9 
12 7 

8 4 
21 2 
38 i 

The higher  base   levels  ot  UuTk  in channel     atfish  below  IC   indicate  some 
in situ contamination   in  that  area.     Some  laboratory work has  t>een done 
in  an  attempt  to understand the uptake mechanisms   involved.    Niacek  ana 
Korn  (19/U)  studied UuTk  uptake  from food  and water by fingerling,  brock 
trout  ana  concluded  that   food w*s  the most  significant UDTK  uptake  route. 
However,  iiurphy (1971)  using tn*.  mosquito  tish,  l-an bus i a,  reported  that 
direct uptake of DUT from water   is of  considerable   importance especially 
tor  small   fish.     In a  later  study on fathead minnows Jarvinen et al., 
19/b,  concluded  that   the UUT pior  ncent rat ior   factor  from water  v.as 
lO'J.OUU whereas   it was only 1.2 trom food.     It   tne  lüÜ.OUU bioconcentra- 
tion  factor   is valid  for  fish   in  the Ik,   a water concentration of 
U.Ob  ug/1   would  be   sufficient   to   produce   a b  ppm   level    *n   fish.     M 
U.ub uy/1   level   in water   is very  low,  below the  analytical   detection 
limit  utilized   in  the current   survey. 
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Studies  in Oklahoma snowed that catfish  less than 3ÜU mm.   long  feo 
primarily on  invertebrates while larger sizes were piscivorous (Jearla 
ai.cJ uiuMtt,  1971).    WalDurg  U97S) noted  that catfish lb-19 mm.   long fed 
primarily on microcrustacea ana  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  available  to  fully explain 
either why cnannel  catfish  seem to be more contaminated than other 
species  tested or precisely how the contamination occurs. 

b.4    blKOS 

Analyses were conuucted to ascertain the level of DuTK in selected birds 
inhabiting tne study area.  Those species were breen tierons and Wood 
Liucks which are local residents and therefore  reflect, at least in a 
relative sense, acute exposure to tne pesticide. 

Table 11-4b is a summary of data showing the amount of residue expressed 
as means in vertebrates (excluaing fish) collected in the study area. 
f'iean UüTK values for individuals inhabiting the huntsville Spring 
branch-mcii an Creek environment were hiyher than for inoividuals from 
other areas. Green Herons from Huntsville spring branch and TKM 33o had 
4.3 arid 2.t> ppm which was almost an order of magnitude higher than levels 
in herons from the remainder of the study area.  (DDTR concentrations for 
breen herons are  believed to oe biasea low--see Quality Assurance Section 
of this report). Wood Ducks snowed a similar pattern. Two collections 
of wood Duck eggs on Wheeler Wildlife Kefuge containeo. an average of 0.2 
and 2 ppm of DDTR. 

The Patuxent 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 Ontario and impaired 
reproduction caused by DDTR is likely (O'Shea, et al_., 1980). 

Personnel from the Patuxent Research Center have made recent collections 
of biota in the study area. Mallard ducks had geometric mean f*nd maximum 
ÜÜTR values of 4.U and 480 ppm tor carcass samples; 0.67 and lbO ppm for 
muscle scmples. Data from tne National Pesticide Monitoring Program on 
duck wings shows high residue levels in samples from Alabama. Fleming 
(i980) reports on ÜDTR in mallard wings collected during the 1978-1979 
season. Wing pools from Limestone and Madison counties which include 
Wheeler Reservoir had residues that averaged ,10.8 and 18 times higher 
respectively than tne combined average of all other (Alabama) counties 
surveyed. These results are presented in Ta.jle II-b2. 

Crows were also included in these recent Fish and Wildlife Service 
samples and contained geometric mean and maximum DL'TK concentrations of 
4.0 and 48 ppm respectively in muscle tissue. O'bhea et al. (ly80) 
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Table ll-b3. UuTk in hallard Hings from Alabama 1978-79 Hunting 
beason1 

btatistic 

UuTk Concentration , pprii wet Weight 

County 
Immature 
Female 

Immature 
Male 

MOult 
Female 

MLul t 
hale 

Lauaerdale 
Colbert 
Lawrence 

Mean 
N 

u.3b 
1 

— U.31 
1 

— 

Limestone Mean 
H 

0.95 
2 

i.04 
4 

U.02 
1 

7.1 
3 

Mad i soi Mean 3.43 
Z 

4.84 
1 

— b.U9 
1 

Jackson 
Marshal 1 
Morgan 

Mean 
U 

U.bZ 
1 

— - - 0.33 
1 

U.44 
Z 

Green 
bumter 
Choctaw 

i-sean 
N 

mm — 0.4« 
1 — 

- - . 

Clarke 
wilcox 
Washington 

fie an 
N 

0.Ü4 
1 

U.U2 
1 

U.07 
1 

U.17 
Z 

MOOT le 
Baldwin 

i-iedti 

a — 
Ü.Ub 
1 

— 0.19 
1 

14. County Pool Mean 
N 

O.bl 
1 

U.127 
3 

0.69 
Z   

S. County Pool hean 
N 

u.üb 
2 

  Ü.7 
1 ... 

•p 
Controls Mean U.U7 — — — 

ft 5 ... 

1 Lach sample consisted of  5 wings. 

'•Control  wing pools were comprised of wings from b juveniles, without 
regard  to sex.    wings were obtained  from pen-raised nidi lards. 

Source: Fleming (I9bü) 
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interpret this data as indicating a potential for greater effects higher 
in the fuod web of species in the Wheeler Refuge especially in fish 
eating birds. These authors cite tne decline of the Double-crested 
Cormorant at Wheeler wildlife Kefuge (see Section 1.3.3 for population 
trends). 

However, wheeler Wildlife Refuge personnel nave indicated that popula- 
tions of the Ltouble-cresteG Cormorant have been increasing in recent 
years (Huntsville Times, 197y). The reason for tne success of tnis 
species may be a combination of factors. There is qualitative evidence 
from Wheeler Refuge personnel that the increase in numbers of tne 
Uouble-cresteo Cormorant is related to a decrease of exposure to DDT. 
There is also some evidence that the resurgence of tne species is a 
phenomenon occurring in the miacontinent of the Uniteo States. Popula- 
tions of cormorants have been low for years in this section of the 
country and nave been on the "blue List" puolisnea by /vnerican Birds for 
this reason. (This list publisned annually includes species of birds 
which appear to be oeclining in number, either in species range 
proportion or regionally.). 

In reviewing the Blue List for past years, regional population trends are 
revealed about cormorants. Tne blue List for 1977 (Arbio, iy7o) states 
that delisting was favored by coastal region respondents, while strong 
sentiment remained in the midcontinent for retention. Mt that time it 
was stated that inland pesticide pollution had been a factor in 
population declines while marine oreeding cormorants were not so 
affected. 

In 197b (Arbib, 1977) the species was retained on the tslue List but 
observer opinions were markedly geographic. Those along the eastern 
seaboard and west coast were unanimous in favor of deletion; the mid- 
continent was virtually solid for retention. 

The following year (Arbib, 1978) the same regional differences were 
apparent. "Nesting season reports seemed to suggest an improvement in 
the fortunes of this species, which woulo seem to contradict the 5b 
percent of observers now favoring retention. Strongest for retention 
were Ontario, Niagara-Champlain, middle western prairies, and northern 
Kocky Mountain regions. West of the great plains no region favors 
retention." 

The current I9b0 List (Arbib, 1979) contains the Double-crested Cormorant 
with a statement saying the species continued to snow declines in some 
areas and modest to good gains elsewhere. The greatest support for con- 
tinued listing came from the midwestern prairie region, however the breat 
Lakes region reported that the species was "doing very  well currently. 
Numbers <\re  up and increasing each year. Most significantly, breeding is 
up." 

Mr. Uan bystrac* (1980) who is in charge of the Breeding bird Survey at 
the Miyratory bird and habitat Research Laboratory at Laurel, Maryland 
feels tnat part of the population declines for this bird is related to a 

1 
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disposal sices. Similar studies by Chen et al. (ly/ö) using laboratory 
columns indicated that levels of DOTK in fnäT leexnate were at concen- 
trations less than 1 ppb. Parallel fielo studies at an inactive uredged 
material disposal site conducted by the same investigators snowed 
non-detectable UUTK levels in the liquid phase of dreoged materials ana 
underlying soils, regaroless or their organic content. 

utner investigations of ÜüTk migration into the water column from 
contaminated sediments ana during actual or simulated aquatic disposal 
confirm tue strong tendency of DbTR to remain associated with the solid 
phase in dn  aqueous medium, burks anu tngler (197ti) reported that no 
soluble chlorinated hydrocarbon pesticides were found at the detection 
limits (O.Ul ppb) during simulated aquatic disposal tests performed in 
laboratory columns. Krizek e_t _al_. (197b) reported DÜTR concentrations of 
Ü.D ppb in supernatant «ater overlying dredged slurries with an average 
of about lUU ppo DuTR. A similar stuay by Krizek et _a]_. (1973) showed 
UUTK concentrations of 1 to 2 ppb in water overlying dredged material 
with DUTk concentrations ranging from 20 to 200 ppb. tlutriate tests on 
nouston ship channel sediments containing 12 and 34 ppm of o, p' and p, 
p' OUT isomers, respectively, showed elutriate concentrations of the 
isomers less than 2 ppt (Lee et_ al. 197b). Similar results were reported 
for sediments sampled at various-locations throughout the Uniteo States, 
regardless of their organic contents. 

tlutriate tests on hSb ano IC channel sediments, performed under Task 4 
ot the TVA workplan sho.veo much higher UUTK concentrations in the 
elutriate than did the studies cited above,     tlutriate total UuTk 
concentrations for lb sediment samples taken from hSB ano IC ranged from 
0.57 to 4bb ppb, with a mean of 79 ppb. No significant correlation 
exists Detween elutriate and sediment UUTK concentration', for those 
samples. The high elutriate concentrations are a result of botn high 
concentrations of ÜUTK in the sediments and fine-grain suspended sediment 
passing the glass fiber filter and remaining suspended after centrifuy- 
ing. OuTR reported in the elutriate is associatea with these suspended 
fines, as the solubility of OUT in water is only about 1.2 ppb. Though 
ttie elutriate test gives no quantitative indication ot the concentration 
of DOTk 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 NcCall ejt_ a]_.   (19/9), tne mobility of DDT and 
various other chemicals in soil was correlated with soil sorption 
coefficients of the chemicals. Soil sorption coefficients were estimated 
using reverse phase high performance liquid ciiromatography (Swann et al., 
1979). Data from laboratory column leaching tests were used to oevelop 
the following mathematical relationship: 

k = 1 

K^l-f^Jd s 

where M . cm. moved by chemical 
cm.  ot water entering  soil 
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ka . sorption efficient -   g £&%$ flfe I 

f = pore fraction of the soil, and < 

s = bulk density of the solids. d 

The soil sorption coefficient, Kd, was observed to increase with 
increasing percentages of fine-grained material and organic matter in the 
soil. Sorption coefficients for DOT were given for three soils, all of 
which had significantly lower percentages of organics ana fine-grained 
material than the sediments in HSB or IC. The smallest of the three 
given sorption coefficients was selected to give a conservative calcu- 
lation of maximum leaching potential of ODTR from material dredged in 
HSB and IC or contained within HSB. Using the value of  1,070 for KJ, C 
soil pore fraction of 0.35, and a bulk density of 2.65 for soil solids, K 
was determined to be 7.006 x 10"^. This indicates that in order for 
OUT 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 the study indicated non-detectable leacning of 00T 
in all three soil types with elution of 20 inches of water through the 
columns, tight other cnemicals analyzea demonstrated variable but 
significant leaching characteristics. 

2.3 CHARACTERISTICS JJH SEUIMENTS IN TH£ STUDY ARtA 

Sediments in cores taken from HSB and IC under Task IV of TVA's workplan 
are largely fine-grained, with an average of 7b percent of eacn sample 
passing the 63u sieve. Volatile solids content of the sediment samples 
averaged 7.5 percet.c. The average in_ situ void ratio of submerged 
sediments was 1.45, corresponding to 30 percent water by weight. When 
dewatered to a 15 percent water content, the voia ratio of the sediments 
would be decreased to 0.35. 

Surface soils in the proposed borrow and disposal areas are silty clays 
with clayey subsoils, primarily of the Melvin, Etowah, Tupelo, Decatur, 
Capshaw, and Cumberland series (U.S. Department of Agriculture, 1958). 
Typically 7b 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, I960), surface soils are typically underlain by 10 to 
30 feet of inorganic clays of varying plasticity. 

2.4 SUMMARY ANÜ DISCUSSION 

Due to its hydropnobic and high adsorptive properties, DDTR will be 
strongly associated with solid materials in an aqueous medium, particu- 
larly with clays and organic matter. üüTK-contaminated sediments in HSb 
and IC are predominantly clays, with approximately 7.5 percent volatile 
solids. The nature of these sediments indicates that DUTK will remain 
strongly adsorbed to them and will be transported only if the sediments 
are transported. 
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wooded overuank  area exists on either  sioe of the channel   in  tins  reach, 
extending   as  tar   as aUU feet  to  the nortn  ana 2,000 feet  to the  south. 
Tnis  art-a   is   inundated  only during maximum pool   stage   in  Wheeler Kes'-'r- 
voir or during  flooa conditions.     Several   deep permanently ponoea  areas 
oratich off  of  the main channel.     The channel   bottom  in  tnis  reacn   is 
heavily  littereu with   trees,  branches,   and  stumps,     bottom  sediments 
consist typically of course  to  fine clayey sands  with coarse uetritus 
at  the  surface  and  some pockets  of  soft clr.ys. 

between HSB i-tiles  3.9  and Ü.4  (Uood Koad•,   the channel   widens  consider- 
ably,   assuming a braioea form witn  vegeCtea Pars.    Channel  widths  range 
from lot) to 37b  feet   in  this  reach,   and  depths  are  generally 2  to t feet. 
Tree  litter  is more widely Dispersed and bottom sediments are fine- 
grained,  consisting mostly of   c'ays   ana  silty clays.     Several   large, 
wooaea overoank  areas exist on either  side or   the channel. 

From HS8 Mile  2.7  (üood Koad)  to-'O.U (HSb-IC confluence),  channel   widths 
vary from ibo to 40U feet,  with  numerous  ponded  areas  branchiny oft  ot 
the main  channel.    Channel   depths vary from 3 to  iu feet,  with  the deeper- 
areas  being near  the HbB-IC confluence.     UveroanK  areas  are narrow,  with 
the  exception  of  one   large  area on  trie  south  bank,  west  of Uoou Road. 
Several   smu1!   streams  enter   from  trie  south,  draining  the  nortnwest 
portion  ;,' Test *reä  1.     Channel   sediments   in  this  reach  are  fine- 
graine  ,   -onsisting mostly of  clays. 

The  ic channel   between r*iiles  5.4  (HS5-1C confluence)  ana  2.2 varies  Trom 
2UU to ^uu feet   in wiath  and b  to  10 feet   in uepth.     Several   small 
streams enter  the  channel   from the  east.     uverDank  areas   in  tins  reach 
are generally narrow,   ana  bottom seuiments consist mostly ot  clays. 

ana  lu to 2U feet   in depth 
long  ponded  areas  exteno   in  a 
seoiments   in  tnis  reach consist 

Between  IC Miles 2.2  and 0.0,   tne  channel   is  well  defined   and  nearly 
uniform,  oeing  150  to  ifUU  feet   in  width 
Overbank  areas  are narrow,   and  numerous 
parallel   alignment with  the TK.     bottom 
mostly of clays. 

3.1.2    Area!   Distribution of üuTR 

Trie distribution of UUTk  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 II1-1.     Results of the  core  analyses   indicate that JUTk 
contamination   is  almost entirely confined  to the upper 2  feet of   sedi- 
ment.     The  areal   Distribution of DÜTR between HSB Miles  1.5  and 5.6  is 
illustratea   in Figure  III-2.       Table  III—1  summarizes   the  areal   oistnbu- 
tion  of UDTR in HSB  and   IC.     Reaches M,   B and C are  so designated 
because of  their marked differences   in  total   areal   concentration of UUTK. 
A detailed discussion  of  the  areal   distribution ot  UuTh contamination 
appears   in Mppenaix  II,   Section  3.1.1. 

Ms   indicated   in Table  IIi-1,   the majority of DUTK  is  containea   in  the 
channel   sediments  ana   in the  area designated  "critical   overbank"   adjacent 
to  the  channel   oetween nSB Miles  3.8 and  5.4  (illustrated   in 
Figure  III-7).     The aesignation  as  "critical"   is warrantea Dy tne high 
DUTK  levels observed  in sediment  core  samples  from that  portion of  the 
overbank  (typical   range:     lUU-lb.UCo ppm).     These concentrations   indicate 
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that the critical  overuank contains  a significant  traction of tne  total 
DÜTK in the HbB-IC system,  therefore mitigation of contamination there  is 
a primary concern.    Contamination of the non-critical   overbank of Reach A 
is typically 5-41) ppm UDTR,  sufficient  to warrant consideration or 
removing those sediments. 

UUTR concentrations   in overoank  areas  of Reaches  b and C  and  all  ponded 
areas  are generally less than 7 ppm.    Dredging tnese areas would  involve 
removal  of  approximately 1,460,000 cubic yards of  sediments.    Tnese areas 
are not   in the active flow regime of hSB or  IC,   therefore UuTk trans; ort 
from them should be minimal.    For tnese reasons  the  areas  are not  con- 
sidered  for  dredging.     Once the major  source of UUTK  in  the  system  is 
removed  by dredging  the  channel   and  designated  overDank  areas,  contamina- 
tion   in  the ponded  areas  should  be mitigated by deposition  of  relatively 
uncontaminated sediment. 

Three dredging plans   are designated   in Table  I1I-Ü  according to which 
reaches of ribb and  11 are  included,   i.e.,   the  level   of contamination 
desired  to oe  removed  from tne  system. 

Due  to the  spacing of the  sediment  sampling  transects,   spacing of  cores 
along trie  transects,   ano   limited definition of core  locations  with 
respect  to hyorologic designation,  little  lateral  control  was available 
in designating the dredging  areas,    before  a final   dredging  program short 
of total   dredging  (i.e.  Dredging Plan III plus entire overbar.k of 
Reach M) can be  accurately designed or   implemented,   adoitional   sediment 
sampling should  oe conducted  to better define  the areal  distribution  of 
ÜUTR contamination  and   identify "hot  spots". 

3.1.3    Approach for  Implementation 

Evaluation of existing equipment  and conditions  to be encountered  at tne 
site  indicate that hydraulic dredging   is  the most  feasioie means of 
removing DDTk-contaminated  sediment  from flowing  reiches  of HSB  and   IC. 
This  subject  is discussed  in detail   in Section 3-? of this Appendix. 
Dredging would be  preceded  by snagging   and  clearing of  trees,   stumps,   and 
other deDris  from the channel   and  its  immediate banks.     Dredged material 
would be pumped hydraulically to  an on-site  temporary dredged material 
disposal   area (TDMDA)  designed  to provide complete containment 01   the 
sediments  and  adequate treatment  of  tne  return water  to HSb.    The TbMDA 
would consist of a system of dikes constructed on a cleared site  in the 
vicinity of HSb. 

following completion of  the  dredging operation,  the  dredged material 
would have  to be uewatered  before a permanent disposal   plan could be 
implemented.     Permanent disposal   in the TDMDA appears  to  ue  the most 
reasible means of ultimate disposal.     This basically  involves  sealing the 
area with an  impermeable cover once  the  sediments  are dewatered.     Factors 
favoring tne environmental   acceptability of  this disposal   technique are 
discussed  in Section 2.0 of this Appendix,    another option considered   is 
to dispose of the dewatered material   in an  abandoned mine,   prepared  in 
such a manner  as  to effectively  isolate  the contaminated  sediments. 

Jt  it   is oesired to remove  low-level  contaminated material   in the 
overbank of Reacn A,  this would  involve clearing  all   vegetation from tne 
area, grubbing all  root  systems,  and removing the  sediments  to a depth  of 
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The areage head  is  suspended  from a Darye-mounted  crane or  ladder.    Com- 
pressors,  air distributors,  ana the dredye heao are  individual  components 
whicn do not require a specialized barge and consequently can be mounted 
on nearly cny water craft ot  appropriate size.    Land-based operation 
using a conventional  crane  is  also possible. 

By  uiing air  instead of water  to move sediments  tnrcugh  the discharge 
line,  pneumatic  dredges  can  attain  solids concentrations  of bU to 
80 
be 
Of    dredge     is    ucsi    suu ^u    rui     un(,yit:,ui  IUULCU,       I CCLQV II   I    iuu IMIUIH.^ , 

thougti specialized cutterneads can oe attached for areaging in more 
d ifficult material. 

3.2.2 Üredyes Evaluated for Kemoving Channel Sediments in Huntsville 
Spring Brancn ano Indian Creek 

hollowing an extensive review of current small dredge technology, eleven 
dredges were selected for furtner evaluation. These dreages, along with 
their major physical and operational characteristics, are listed in 
Taole III-3. 

Pneumatic Dredges-- 

Pneuma Üredge--Pneuma North wtierica's  portaDle 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.    Operation of  tne   intake ano discharge ports   is controlled 
electronically and  can  oe  seauenced  to discharge  in  a range  suitable  for 
the type ot material   being  dredged.     Mn  air distributor unit  regulates 
the   inflow and  discharge of  compressed   air  ro eacn cylinder during  the 
operation cycle,   assuring continuous,   uniform discharge flow. 

The Pneuma Dredge  is capable of  pumping 6U to 8U percent  solids,  by 
volume, with minimal   generation of  turoidity.     uy raisiny or   lowering the 
pump unit as  necessary,  contour?  of the  bottom can  be  followed.     The 
dredge can  be mounted on a self-propel lea  barye,  eliminating  the need  for 
swing wires  and  anchors   it  such operating conditions  are desired  for a 
particular application.    Recent modifications of the Pneuma Dredye exten-' 
its applicability to  shallow water operation by providing vacuum suction 
to fill  the cylinaers when  dredging depths are  insufficient to provide 
the necessary hydrostatic  pressure.    A cutterhead mechanism, designed  to 
minimize turbidity,   is  available  for dredging  in materials  which ard not 
free-caving. 

Low turbidity levels associated with the Pneuma Dredge's operation are 
attributed to its  lack of external  moving  parts.    The dredge lias  been 
used  successfully  in  prior operations  requiring   low turbidity generation, 
including removal  of PCB-contaminated  sediments  from the Uuwamish water- 
way,   Seattle Harbor,  Washington.     EPM monitoring of  tnat  dredging opera- 
tion   indicated exceptionally  low turbidity  levels  in the vicinity of the 
operating dredge pump. 
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Uozer Ureage--The operational principle of the Uozer Pump is basically 
the same as the Pneuma, except that it employs two pneumatic chambers 
instead of three. The Oozer Pump can De mounted on a conventional dredge 
ladder or suspended from a cable. It was specifically designed for 
dredging polluted sediments at a high :olids content with minimal tur- 
bidity generation. 

The Uozer Pump uredge Taian iiaru is probably the most sophisticated 
equipment presently available for dredging polluted sediments. It is 
equipped with two underwater television cameras mounted near the suction 
inlet to visually monitor turbidity. Cnanges in turbidity levels are 
recorded by a highly sensitive turbidimeter. Five electronic sediment 
detectors located near the suction inlet, are  capable of measuring the 
thickness of sediment layers of varying density, other accessory 
equipment includes a flow direction ana speed meter, gas detector, gas 
snield and collector, sediment and water sample collectors, and an 
optional cutterhead attachment, Secondary and booster pumping can be 
performed by Oozer Pumps if the solids content of the slurry is too high 
for conventional nyoraulic pumps. 

In four and one-half years of operation, oetween 1974 and 1978, the Taian 
fiaru pumpea approximately 1.3 million cubic yards of contaminated sedi- 
ments from Japanese waters.  In all dredging projects, turbidity genera- 
tion was carefully monitored ano maintained at. a minimum level. 

The Oozer Pump nas not yet been transported to the United States. A 
United States representative of the Japanese manufacturer  has indicated 
that transport of the Uozer to the United States is possible, should a 
situation arise requiring its capabilities (Jensen, i98Uj. The uozer 
Pump unit could be shipped alone and fitted to a barge once here,   though 
at a considerable expense. 

Low-Turbidity Hydraulic Uredges-- 

Waterless Uredge, Model 8-l80--The Waterless Dredge was specifically 
developed for dredging industrial ana municipal unconsolidated sludges at 
a high solids concentration. According to the manufacturer (Searles, 
1980), the dredge has consistently attained solios percentages in its 
discharge within 2 to b  percent of tne in situ solids concentration when 
dredging these materials. Solids concentrations of 3U to 50 percent by 
volume in the discharge slurry ire  repdrted. Turbidity associated with 
operation of the dredge is reported to be minimal. 

The cutterhead consists of two 4-foot rotating augers mounted parallel 
to eacn other and the cutter ladder, and enclosed within a shroud. Tne 
cutterhead is designed to rotate through a 180 degree arc, and on each 
alternate swing is rolled over so that trie opening faces the direction of 
swing advance. Material filling the snrouded cutterhead urea displaces 
water and theoretically makes onl\ tne material itself available to the 
areoge pump inlet. Variable-speej hydraulic drives enable operation to 
match the excavation uf material with tne pumping rate, minimizing tur- 
bidity generation and maximizin, solids content of the discharge. 
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reasonable progress could be made Mere with any of the dredges, tnough 
the pneumatic dredges would most likely have to be equipped with a 
cutterhead. The pneumatic and low-turbidity dredges would encounter some 
difficult digging in this reach, and their production rates would 
probably not be nearly as high as tnat 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 
DUTK. 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. Downstream from Hbb Mile 3.9 tree debris cover.jgp 
is not as extensive as upstream, but is still sufficient to pose 
turbidity problems with its removal. 

Snagging should be carried on coincident with dredging in the channel. 
Though this may result in higher suspended sediment and UUTR concentra- 
tions in the water column than if the two actionc were conducted 
separately, the net downstream transport of sediment and DDTK duriny the 
project should be minimized. Higher suspended sediment concentrations 
will enhance flocculent settling of clay-size particles and overall 
sedimentation may be greater than if the two actions were conducted at 
different times. Concurrent snagging and dredging will also minimize the 
duration of elevated DllTK levels in tne water column. 

M certain amount of downstream transport of suspended sediment and UOTR 
will be unavoidable during the proposed dredging operation. The net 
transport of ÜDTR downstream due to dredging can be put in perspective oy 
comparison with the downstream transport that would occur naturally unaer 
elevated flow conditions. A dredging operation that would move nr more 
DUTR downstream than would move due to existing channel scour miyht be 
consioered 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 
can be assumed small compared to that generated by snagging and clearing 
the channel.  In order to obtain a conservative estimate of UüTK trans- 
port downstream during operation of a conventional cutterhead dredge, 
assumptions are made as to the expected turbidity level downstream from 
the dredge, tne average DUTR concentration in the suspended sediment, the 

111-19 REVISED APRIL 1984 



  

average discharge of HSb during dredging,  and  tue uuration of th»; 
dredging project.    Based on these  assumptions,  the total  amount of uDTR 
leaving hSB during the dredging of hSb Miles b.b to 0.0 is estimated. 

Uata obtained  from two dredging projects  (barnard,   1978)  inoicatea near- 
bottom suspended sediment  levels of 336, 2U5,  and  125 mg/1   at distances 
of 100,  200 ana  1,000 feet,  respectively, downstream from a conventional 
cutterhead dredging fine-grained  sediment  in  a current  of  less tnan 
5 cm/sec.    background  suspended  sediment  levels were 1 to 3u mg/1. 
Near-bottom suspended  sediment  levels are the hignest encountered  in  trie 
water column downstream from an operating cutterhead  (barnard,  1978). 
Current velocity in HSB during base flow conditions  is generally less 
than b cm/sec;  therefore,   the conaitions  at  these  dredging projects 
approximate those to be encountered  in HSB.    A dredge would be operating 
at a mean aistance of  lb,000 feet upstream of the iC confluence while 
dredging  in HSB.     Considering  tnis distance  and   tue near-bottom suspenaea 
sediment   levels observed  for  the  snorter distances,   an  average  suspended 
sediment elevation of  bu mg/1  over background  is  assumed  for trie flow 
leaving HSB.     The UüTR concentration of the  suspended   sediment   is  assumed 
to be the overall   average ÜUTR concentration of the  sediments dredged, 
i.e.,  the total mass of ÜüTk divided by the total mass of  sediment 
dredged  or 231 ppm.     A base  flow of  5U cfs   is  assumed  for HSB,   ana   a 
production  rate of 3b0 cubic  yards  per  hour   is   assumeo for the  dredge. 
These assumptions  should give a conservative upper  limit estimate of ÜüTk 
transport out of HSb,   especially when one considers that the yeat 
majority of ÜÜTR is  1ocated  in  the  upstream-most  two miles of  the reach 
to be dredged  and material   suspended while oredging there will  nave a 
greater distance  in which  to settle out  and be recovered downstream. 

Other flow considerations during the dredging operation will   tend to 
reduce downstream sediment  transport.    Mt an operating rate of 8000 gpm 
(17.b cfs;,  an Ellicott 770 or similar capacity dredge would  be pumping 
from 2b to  in excess of 100 percent of  the base flow in HSb.    The return 
water discharge from tne T0MÜA will   be upstream rrom the  dredge, but 
since  it will  be operating on a 24-hour basis  ano  the dredge will  be 
operating on 8 to 10 hour shifts,  an overall  reduction  in flow of  10 to 
12 cfs will   be realized.    This will   significantly reduce  the  downstrea-n 
velocity of HSB during  dredging and decrease downstream sediment 
transport.    The City of huntsville's 201 Facilities Plan recommends 
rerouting the discharge  from Huntsville bewage Treatment Plant Ho.   1  '"ran 
hSb directly to  the Tennessee River  (black,  Crow,   and Lidsness,  ly7b). 
Trie average daily flow from that plant  in 1970 was  7.4 MOD (11.5 cfs),   a 
significant portion of the base  flow  in HSB.    üesign flow of  the plant   in 
197b was  10 Mbu (lb.b cfs). 

based on the  above assumptions,  a total  of 236 pounds  3f ÜüTk  is 
estimated  to be entering  IC  from the dredginy of HSb.    This amounts to 
less than 0.03 percent of the total   amount of DUTK removed during 
dredging,   assuming a 99 to  100 percent removal  efficiency.    Assuming an 
eight-hour work shift  and 70 percent  production efficiency for the oredge 
(i.e., 30 percent  down-time),  this amounts  to 0.7 pounds  per day of OOTR 
entering IC. 
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For comparison with üüTK transport  to  oe  expected  unoer natural   condi- 
tions,   the total  mass of UuTk estimated  to De   leaving HSb annually oue  Co 
natural   flow in  the channel   is   in excess  of 1.4 tons, or 2,bU0 pounds 
(see Appendix  II,   Section 4.1).     The dredging of HSb would  taKe 
approximately one year,  and  accoraing to  tnese calculations would 
transport   less LtuTK out of HSb than would  De  transported Dy one year  of 
natural   flow conditions.     This  estimate  asrumes,  of  course,   that  dredging 
is conducted only during  base flow conditions.     It   is  recognized  that 
storm flows  tnrough  the HSB channel   may  transport   sediments  disturbed  by 
snagging  and dreaging  to a greater exten    than  these predictions 
indicate.     The magnitude  of  this  type of  transport  cannot  be  predicted 
from existing  information.     If the  iC channel   is  to be  dredged,   UUTK 
transport   into  the TK resulting  from that operation  should oe much   less 
than  tnat estimated  for HSb, due  to the   lower ÜüTK concentrations   in the 
IC sediments  and   lower flow velocities there. 

While tnese estimations  are by no means  precise,   they should  give  a 
reasonaDle  indication of the magnitude of DUTx transport  expected  to 
result from dredging HSb or  II.     bince this   is  an  area of critical  con- 
cern,   it  snould De  addressed   in  a more comprehensive manner  in  the  final 
engineering  phase of  the project,     A reliaole  (though costly) metnoo  of 
predicting OoTk  transport  downstream during dredging would  be  tc   imple- 
ment a short  pilot  dreaging  study  in nSB and monitor üUTK  transport  at 
various distances  uownstream from snagying  and dredging operations.    A 
less direct but more economical   approach would  be  to monitor  tne  turbi- 
dity-generating characteristics  of  a cutterhead dredge operating  at 
another  site  in  similar  sediments.     This   inrormation could  be comDinefl 
witn  the results of  settling column analyses of  the Hsli  sediments  to 
estimate how much contaminated  sediment would  settle out  and now much 
would be  transported   a specified uistance downstream. 

Considering  tne nature of  tne HbB bottom sediments,   the  estimated  trans- 
port  of LiUTH caused  by a conventional   cutterhead»  the  unavoidable 
turbidity to  oe generated by snagging  and clearing   aneau  of the  dreaye, 
and economic  factors;  a conventional  cutterhead dredge appears  to be  tne 
best choice for  dredging the HSB and  IC channels.    As  previously noted, 
the nature of the  bottom sediments   in  the most Highly contaminated  reach 
of HbB  (hSB Miles 5.6 to 3.9)  precluae the use of  pneumatic or 
low-turoidity hydraulic  dredges  and  probably require  a conventional 
cutterhead.     Employing a  low-turoidity dredge downstream from HSb Mile 
3.9 would probably result  in  a drastic decrease  in production rate due to 
the generally smaller pumping capacity of those  dreuges  ana  the slower 
progress expected  through the difficult  sediments.     This would result   in 
a significant cost  increase for tne dredging project with  little relative 
gain  in overall  environmental   acceptability. 

3.3    TEMPllkAKY  UktUGtU  MATERIAL  DISPOSAL  A.xEA  (TUMM) 

3.3.1  Introduction 

To implement a dredging alternative it will be necessary to site a tem- 
porary dreaged material uisposal area within reasonable pumping distance 
from the areas to De dredged.  The disposal drea  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. 

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 ot  gamed with respect to facili- 
tating construct.cn ano operation of tne site, localization of the ÜÜTR 
contamination, long-term control of ownership, and long-term integrity 
and monitoring.  It was also considered desirable to locate the temporary 
disposal area near the majority of the present contamination rather than 
at a distant site in an uncontaminated region,  in addition to facili- 
tating pumping to the site, this would maintain localization of the UUTk 
contamination. Ideally, the site snould be located nydraulically and 
topographically upyradient from the present contaminated area. 

3.3.2 Selection Criteria and Site Evaluation 

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 HSÖ ano topographic suitability alone. The locations of 
these sites are shown in Figure II1-3. uf the seven sites, six are 
within the RSA boundary and one is adjacent to tne eastern KSM boundary. 
txtendiP3 the limits for disposal site consideration further from RSM 
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 III-5. 

Sites 4 and 5 were discarded due to the unavoidable impact those loca- 
tions would have on the operation of Test Area 1. Use of these sites 
would require that Test Area 1 be either relocated or shut down while the 
site is in use. Site 3 is only large enough to acccmodate Dredging 
Plan I, and is reported by RSM Facilities Engineers to have mustarG gas 
landfilled on the eastern portion of it. Site 2 will also only accommo- 
date Dredging HI an I and has the further disadvantage of a 3Ü inch 
industrial water main crossing it. 

Field observation of Site 6 revealed evidence of recent sinkhole activity 
in the southwest corner of that area, indicated in Figure II1—3. M 

sinkhole approximately 2U by 3D feet was observed, with other indications 
of subsidence in the immediate vicinity. This activity haa been reported 
by NASA officials at the MarsnalI Space Flight Center, who indicated that 
they had experienced sinkhole problems when constructing additions to 
their buildings directly across Dodd Road from Site 6. A large depres- 
sion was also noted in the northwest area of Site b. Tnough no other 
surface features were noted that would indicate instability in the 
remainder of Site b, use of that site as a disposal area is highly qu< 
tionable and should be subject to a rigorous geological investigation, 

jes- 

Sue 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.    No apparent  serious con- 
flicts exist between use of the site and  present operations  at RSA.    The 
site   is  both hydrologically and topographically upgradient  from the most 
contaminated reach of HSB,  being approximately one mile upstream from tne 
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Taole III-D. Comparison of Candidate Temporary Dredged Material Disposal bites 

Disposal 
Site 

Approximate 
Area 

Available 
(acres) 

General Soil Type 
Present 

Maximum 
Relief 
(ft.) 

"Approximate 
Pumping 

Distance 
From HSb Mile 
2.4 Dodd Rd. 

(mi.) 

Approximate 
Average 

tlevat ion 
(ft.) 

1 3ÜÜ Silty clay loam 
underlain by 
plastic clayey 
subsoil 

15 3.5 565 

2 14U Silty clay loam 
underlain by 
plastic clayey 
subsoil 

lb 2.5 565 

3 130 Silty to sandy 
loam underlain 
by plastic 
clayey  subsoil 

2U 1.5 570 

4 250 Silty clay loam 
underlain by 
plastic clayey 
subsoil 

10 0.5 565 

5 270 Silty clay loam 
underlain by 
plastic clayey 
subsoil 

10 1.0 565 

6 160 Silty to sandy 
clay loam 
underlain by 
plastic clayey 
subsoil 

35 2.5 610 

7 200 Silty to sandy 
clay loam 
underlain by 
plastic clayey 
subsoils 

30 6.5 570 
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