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I’Rl-: LIMINAR\ I- ’NV IRONMI- N’ IAL SURV I -Y UI- IIOLSTON ARMY AMMUNITION PLANF.
KINGSI’ORT. TENNI SS I- I - AI’RIL I 976

I. INTROI)UCTION.

In response to public concern t’or environmental quality , the President. the Congress .
and State and local legislative bodies have issued stringent directives to ameliorate the declining
health of the environment. In response to these directives , the US Ar my Materiel Development
and Readiness Command (DARCOM) has initiated major programs in pollution control and
abatement which involve many scientilic disciplines . including biological sciences. Consequently,
biological assessments of pollution control and abatement are now being used to insure that the
environment is not being deleteriously affected.

in conducting assessments at the direction of DARCOM. the Ecological Research
office has developed a three-phase approach : (I) initial site survey, (2 )  preliminary environmental
survey, and (3)ecologiea l surveys. The objectives of this publication are to collate and to
evaluate data pertaining to the area in which Holston Army Ammunition Plant (HAAP) is

~ocated, the mission and activities ol’ the installation , an environmental description of the
installation, and potential environmental impacts from insta llation-related activities.

This document provides a basis for determinhtig the critical activities of HAAI~ which
are now a ffecting environmental qua lity. Current information about the activities and their
effects is evaluated, and recommendations for additional work are made in areas where the
existing information is incomplete or insufficient to determine the impact of particular activities
on the biota and environment ot’ HAAP. The document also provides a detailed list of references
and other sources from which additional speei ic and detailed information can be obtained.

This survey program was initiated at Holston Army Ammunition Plant on 1 March
(9 76. Phases I and II will be completed with this report. Plans to initiate ecological surveys at
HAAP will not be developed until the current toxicology and field surveys of RDX/HMX (cyclo-
trimethylenetrinitramine/cyclotetramethylenetet ranitramine) are completed by the US Arm y
Medical Research and Development Command, Fort Detrick , Maryland. However , recommendations
for surveys in specific areas are included .

II. AREA DESCRIPTION.

A. General.

I-lolston Army Ammunition Plant is located in Sullivan and Hawkins counties. This
area in northeastern Tennessee is bounded on the east and southeast by Johnson and Carter
counties, on the south by Greene and Hamblen counties, on the west by Grainger and Hancock
counties, and on the north by the Tennessee-Virginia State line (figure 1) .  The total land area
compr ises 907 square miles (table 1). Kingsport. the nearest city. is approximately 165 miles
nort heast of Chattanooga, within a nearly continuous mountain chain.

The area is sparsely populated with the greatest demographic concentration s
occurr ing in the tn -city area (Johnson City. Kingsport. and Bristol). This area is the economic.
educational, and social region which HAAP potentially affects. Statistical facts have been
summar ized from a 30-mile radius (table I ) because it includes the area from which HAAP draws
more than 90’~ of its employees.
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Table I. Suuuumn ~m ry tul t h e  (icographuica l and Population l)ata b r  the Area
W ithu iui a Thirty — Mile Radius ut Ilolston Army A m munition Plant

County Area Popu latio n * County sea l
sq mi

Sul livan (Tennessee) 427 I 2~
) ,500 Blountvillc

(
~reene (Tennessee) 613 49.400 Gree nevi hle
Unicoi (Tentiesse e) 185 15 ,254 Erwin
Ca rter (Tennessee ) 348 42 ,575 Elizabethton
Washington (Tennessee ) 323 78 ,300 Jotieshoro
Hawkins (Tennessee ) 480 37 .400 Rogcrsvillc
Scott (Virginia) 539 25 .290 Gate City
Washington (Virginia) 574 40.133 Abingdon

Population Population Population per
County

— 
Urban Percent total Rural Percent total square muie

Sullivan** 71 .037 55.8 56 ,292 44.2 308 .1
Greene 13 .722 28.8 33,908 7 1.2 77,7
Unicoi 7.232 47.4 8 ,022 52.6 82.5
Carter 12 .269 28.8 30,306 71.2 122.4
Washington 33 .770 45.7 40 ,154 54.3 228 .5
Hawkins 9,918 29.4 23 ,808 70.6 70.2

*Census of 1970 World Almanac. 1975.
**Tenne~~ec Statistical Abstract. 3d Edition. University of Tennessee , Knoxville. 1974.

B. Topography and Drainage.

The A and B plants of HAAP are contained in Sullivan and Hawkins counties.
respective ly. These counties lie in two provinces of the Appalachian Highlands: the Valley and
Ridge province and the Blue Ridge province. The Blue Ridge province includes the Holston River
Mountains with elevations 3 ,000 to 4,000 feet above sea level. The mountains of this chain are
generally steep-sided , massive peaks with narrow ridges. The remaining area described as Valley
and Ridge province is rolling land with numerous intermountain ridges to 2.000 feet. The Ridge
and Valley province is subdivided into five major physiographic divisions, according to the relict
and underlying rock. Two divisions are included in the HAAP vicinity , the western shale hills
and Bays Mountain.’

The western shale hills extend northeast and southwest ot’ Kingsport. The elevation
averages about 1 50 feet higher than that of the limestone ridges and valleys. Drainage channels
t horoughly dissect the area and both the north and south forks of the Holston River have
modified the topography. Relief is characteristically hilly and knobby.

9
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Bays Moutt ta in predominates the area and it is sout h uI the I lolston River.
1- levat ions are about 2.200 feet above sea level or 1 ,000 feet above Kingsport. which is located at
t he base of Bays Mountain on the bottoms and terraces of the Ilolston River.

Both forks of the 1-lolston River are somewhat shallow and sinuous. They carry the
major drainage of’ the area to the Tennessee River. The North Fork of the Holston flows south
Irom Saltvi lle and Gate City, Virginia. The two forks converge at the north boundary of HAAP
“B” plant. Upstream of Kingsport. the South Fork is impounded by Fort Patrick Henry Dam, a
hydroelectric and flood control project of the Tennessee Valley Authority (TVA). Prior to
construction of the dam, tlooding was common. TVA is required to release enough water from
the Fort Patrick Henry Dam to maintain the how at 450 ft 3 /s to meet the industrial needs of
Kingsport l’or cooling waters . Now, the current demand is over 750 ft 3 Is. so additional water is
purc hased , principally by Tennessee Eastman Company. from TVA.

The North Fork of the Holston River is not regulated and has an average llow of
851 ft 3/ s and a 20-year 5-day low flow of 46 ft 3 Is. Tennessee water quality criteria are applied
on the basis of two definitiotis ot’ minimum flow : (I) unregulated streams - 3-day minimum.
20-year recurrence interval, and (2) regulated streams - instantaneous mininiuni

C. Climate.

The climate in the vicinity of HA.AP is highly variahi- ’ (alt hough it is characterized
as temperate and continenta l) with short , moderate winters and long, warm summers . Lowest
temperatures usually occur in the mornings during short periods of inversion. Prolonged periods
of cold weat her in the area are generally due to slow-moving cold cells associated with storm
centers from Pennsylvania and southern New York. Monthly mean temperatures range from 36°F
in January to 750 F in July (table 21. The growing season consists of about 180 frost-free days
between April and October. ’

Table 2. Average Temperature Extremes for the Holston
Army Ammunition Plant Area

Norma ls are based on record for the 1941.1970 period.3

Month Daily maximum Daily minimum Monthly mean

January 46.0 26.7 36.4
February 48.9 28 .4 38.7
March 57 .1 34,5 45.8

4 April 68.3 44.2 56.3
May 77.1 52.6 64.9
June 84.0 60.7 72.4
July 85.9 64.4 75.2
August 85.3 63.1 74.2
September 80.4 56.6 68.5
October 70.4 45.3 57.9
November 56.9 34.5 45.7
December 47.3 28 .0 37 .7

Yearly average 67 .3 44.9 So .I
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Although l !AA P does not lie within an\ principal sCouuui  tracks. il ~uunes under the
,ntluetice of storm centers that pass al~-ng the gulf ’ coas t and up t he At lat i t ic  c( . tst  owa rd the
nontheast. Topography is quite important in causing weather patt e rns peculiar to thi s area. Moist
eas ter ly airflow in the lower leve ls of ’ the atmosphere is usually blocked h~ the eastern mountain
s lopes, producing an abundance of ’ preci pitation on the higher nudges hut leaving onl dr~
slightly warmer air masses for the llolston area. July has the greatest precipitation from
t hunderstortiu s occurring most frequent ly in the afternoon and early evening. In late winte r.
rainfall is also abundant , due maitily to moist air ,ts )c iabcd Wi (Ii storm ccii te rs to the south and
northeast. Average annual precipitation is over 40 inches. hut 80 inches annually has been
recorded in sonic tnountaiflotts sections to the east and south. Snowfall accumulations persist in
mountainous regions af t er November.

The average windspeed is 5.6 miles per hour (table 3 t~ Surrounding mountains tend
to enclose IIAAP and Kingsport and thus direct airflow along the course of the llolston River.

Table 3. W ind (‘li ara cteristics ( Av eia ~es ) b r  the Ilots iout Army Ainuutunut iun Plant Area

I) . u Max ittuu ni w irudspee d*Month .- \sci . ~ c speed rLv .uuiung Speed
direction I)urcct io t l ** ear

mph mph

January (s .4 WSW 40 .25 I
February 7 .0 NE 46 25 l9oI
March 7 .5 WNW 40 1952
April 7.2 WSW 40 2 5 1 97 ()

May 5 .4 WSW 50 .~2 l~ 5l
June 4 . . NE 35 2 .  I
July 4. 1 WSW 4() 23 190 1
August 3.8 NE 4o 34 1902
September 4.3 NE 29 3 1 1967
October 4.6 NE 35 28 1905
November 5.9 W 35 29 1 ~05
December 6.0 WSW 40 24 l9 oS

Yearly average 5 .0 WSW 50 32 195 1

Maxinsum windspecd Speed in miles per limit observed during a 1-m inute interva l.
•~Wind direction: Numerals indicate lens of degrees clockwise from true north.
NOTE: The period .t record for the average windspecd is 20 yea rs . for prevailing wind direct ion

is 9 years . and S . r  maximum windsp~ed is 19 yea rs .
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D. Air Qttality .

The Tennessee Air Quality Act authorized the establishment of the Division of Air
Pollution Control tinder the Tennessee State Health Department as the regulatory agency for air
q ua lity standards. Through subsequent legislation the State was divided into four regions.
exc luding Davidson , Knox, Hamilton , and Shelby counties which are under separate authorities.
Kingsport is included in Region I, i.e., the Eastern Tennessee-Southwestern Virginia Air Quality
Control Region.

The Tennessee Air Pollution Control Board has two fixed sampling locations and
one mobile monitoring station in the Kingsport vicinity. Fixed stations are located in northeast
Kingsport. behind the Sullivan County Health Center (residential area) and at the Kingsport
sewage treatment plant (an industrial site). Total suspended particulates (pg/rn3 ) have been
measured at both fixed sites since 1 969 (table 4), but sulfur dioxide, nitrogen oxides , ozone , and
hydrocarbons have not been reported. Particulate concentrations have decreased during the
sampling period, but there are still violations of both primary and secondary standards for t he
24-hour mean concentrations at both sites. The irregular topography and the prevailing summer
and winter calms contribute to seasonal periods of air stagnation and temperature inversions .5

Table 4. Annual Geometric Means for Suspended Particulates at Kingsport , Tennessee

Suspended particulates annual geometric means
Location

1969 j 1970 J 197 1 f 197 2 1973 1974 1975

Residential 83.5 89.8 94.4 77.1 77.3 72.2 67.7

Industrial 207.5 174.3 152.3 136.5 153.4 151.7 120.3

Metals are common atmospheric emissions from refuse- and coal-burning operations.
Extensive monitoring was conducted at both fixed sites in Kitigsport using a high-volume sampler
and atomic absorption analysis. The concentration of 1 5 metals was measured between I Jul~
1973 and 30 June 1974.6 Aluminum, copper , iron, lead, magnesium, manganese. and tin were
all detected during this period. Aluminum, lead, and iron were each found in concentrations of
1 .0 pg/rn3 or greater during the survey.6

The State also cited high soiling indices, but sulfur dioxide concentrations were not
measured in excess of the primary standard. (Soiling index is a measure of particulate matter in
the atmosphere. It is determined by measuring the rate at which clean filter medium is soiled
during filtration.) The applicable Tennessee ambient air quality standards are summarized in
tab le 5. Insufficient data are available from State monitoring programs to determine compliance
except for suspended particulates.

The Tennessee State Health Department could not provide a source inventory from
t he Kingsport area , but the following companies have received permits: Tennessee Eastman
Company,  Kingsport Press, Mallory Battery Company, Super Dollar Market. and Northside

12
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Table 5. Tennessee Atubieiit Air Quality Standards for Suspetuded Part ucut a te s , Sultur Dioxide , (‘ar hun
Monoxide . Pluotochen mical Oxidants . Nontnethane Ilydrocarhons . and Nitrogen t)juxidc

Primary standard Secondary standar d

Co nta ,ni ui a uit s Avera ge Average
Concentration interval (‘oncentratiun interval

Pg/ill3 P1)111 by vol pg/u i3 ppm by vol

Suspended particulates 75 — AGM 60 — AGM
260 - 24 hr ISO - . 4 Iir

Suflur dioxide 80 0.03 AAM 1 ,300 0.5 3 hr
365 0.14 24 hr

Carbon monoxide 10 ,000 9.0 8 hr 10,000 9.0 8 h r
40 ,000 35.0 1 hr 40,000 35.0 1 hr

Photochernical oxidant 160 0.08 I hr 160 0.0I~ I hr

Hydrocarbons 160 0.24 3 hr 160 0.24 3 hr
(nonmethane) a. m. a. m.

Nitrogen dioxide 100 0.05 AAM 100 0.05 AAM

NOTE: I.  All values other than annual values arc r.uaximum concentrations not to be e’scce dcd more than once per y ear .
2. Parts per million values are approximate only.
3. All concentrations relate to air at standard conditions of 25°C temperature and 760 millimeters ut mercury

pressure.
4. AGM - Annual geometric mean.
5. AAM ‘ Annual arithmetic mean.
6. The hydrocarbons standard is t’or use as a guide to achieve oxidant standards .

Hospital. These facilities contribute hydrocarbons from the manufacturing and disposal of
contaminated waste: sulfu r dioxide from coal burning for power, heat, and steam: and nitrogen
oxides t’rorn acid and so lvent manufacturing. The State would not release data specif i c ho
industrial stac k emissions, and no comparison oh’ air quality was made between Kingsport and the
surrounding areas in any of the State annual reports.

Air pollution is a problem in the Kingsport area , because there are numerotus sources
and meteoro logical and topographic conditions which tend to concentrate the stack emissions.

I- . Water Quality.

The Sottth Fork of the Holston River, from its mouth to mile 5. 7 . and tile Holston
River. from mile I 31 .5 to the confluence oh’ the north and south forks. are severely polluted by
multip le waste discharges from the Kingsport area. The Division of Water Quality Control .
Tennessee Department of Health. considers this area to he the primary water pollution problem
area in t he state. 7 The Tennessee Fastman Company, Ilolston Army Ammunition Plant. Mead
Paper Corporation . and t he municipal wastewater treatment platit of the ci ty of Kitigsport are
t he major source s ot pollutants among the fourteen dischargers with permits.

13 
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The water quality problem is intensified by fluctuating streamflow and low
concentrations of dissolved oxygen in water entering the Kingsport area through releases from
t he TVA Fort Patrick Henry Dam and hydroelectric facility located on the South Fork of the
1-lolston River at mile 8.2. During the summer , water released from this facility is low in
dissolved oxygen (frequently below 1 .0 mg/ i). These low concentrations of dissolved oxygen
great ly reduce the capacity of the river to assimilate the large load of organic wastes discharged
in the Kingsport area. The problem originates at Boone Dam, where low dissolved oxyge n occurs
in summer when the lake is stratified. This poor-quality water is released unchanged into Fort
Patrick Henry Reservoir.

Table 6 presents a list of major discharges and their characteristics in the Kingsport
v icinity. The Tennessee Eastman Company contributes two-thirds of the total organic waste
loading from all sources in the area. The description of waste treatment and discharges was
obta ined from State records which were updated in October 1975.~

The past operations of the Olin Mathieson Corporation, Saltville , Virginia, have
ser iously polluted the North Fork of the Holston River with dissolved solids, chloride, and
mercury .2 The probleni of dissolved solids, which frequently resulted in high calcium hardness in
the Holston River as far downstream as Knoxville, Tennessee , has diminished greatly since the
Olin Mathieson Co~j~oration abandoned its plant in 1971. However , mercury is still present in the
sediments , and concentrations in fish are nearly twice those allowed by the Food arid Drug
Administration for human consumption. Leaching from the abandoned slurry ponds and runoff
from contaminated facilities of the Olin Mathieson Corporation may st ill be contributing to the
problem.

In a 1972 survey of the Holston River Basin, EPA found that appro ximately
137.500 pounds per day of biochemical oxygen demand (BOD) were discharged into the Holston
River and the south fork in the vicinity of Kingsport , Tennessee.2 The ultimate oxygen demand
from nitnfication of these nitrogenous components was 84,000 pounds. Extensive sludge beds .
estimated as covering 25% of the bottom, were found2 between the confluence of the north and
south forks and the headwaters of Cherokee Reservoir in the Holston River. Most of the increases in
temperature , total nitrogen, and BOD were contributed by the Tennessee Eastman Company and
Holston Army Ammunition Plant , A and B a as. The EPA states that these pollutants muist he
removed to improve the quality of the water.

Ill. INSTALLATION INFORMATION.

A. Description.

Hoiston Army Ammunition Plant is divided into two separate areas: “A” . w hich is
located within the city of Kingsport in Sullivan County. Tennessee, on State Routte 93; and “B”
in Hawkins County, 5 miles west of downtown Kingsport on US Route I l-W .

Area A in down Kingsport is the smaller of the two locations , compr ising 1 12 areas.
Area B. the principal subject of this report , covers 5,913 acres which are bounded on the north
and west by open rolling country and on the east and south by the Holston River. Beyond the
river lies Bays Mountain , w hose ridge forms the southern perimeter of the installation.

Of the total acreage. 33 acre s are improved; 1 .086 acres are sem i-improved .
1 .1 1 1 acres are un4roved; and 3,828 acres are forested.

14
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The distance and direction ol the nearest cities in relation to area B are tabulated
be low:

Cou nt y City Popu lation E)istance Direction
mi

Sullivan Kingsport 33 ,100 0.5 NE
Bristol 23 ,800 25.0 ENE

Was hington Johnson City 33 ,770 25.0 SSE

Table I contains further geographical info rmation.

B. History and Mission.

The explosive RDX , deve loped by the British in the interval between World War I
and Wor ld War II. was recognized by the United States at the time of our entry into World
War II as an essential exp losive for our success in that conflict. The Tennessee Eastman Company
in Kingsport had been engaged in the laboratory and pilot plant development of the R[)X
process since January 194 1 . atid this endeavor was expanded. In May 1942. a series of
conferences between the United States Army, the Corps of Engineers and the Tennessee Eastman
Company culminated in a contract for the construction of the Holston Ordnance Works .8

1-lolston ’s operat ion was unusual in that a pilot plant was expanded into a very large
production plant during wartime wit h attendant material shortages and manpower scarcit ~ -

Construction began on I July 1942 and was completed on 15 March 1 944. hut the first
product ion line went into operation early in May 1943. Seven more production lines were ready
in the following two months. The finished plant in area B consisted of 10 identical h u e s
operating under a continuous batch process, with raw materials being fed into the beginning ot
each line and the finished product being boxed and shipped from the end. The completed plant
became one of the largest high-explosives manufacturing plants in the world , daily producing.
during peak production. 750 tons of composition B. The total output during its operating life
was 43 4.000 tons. This powerful explosive was used in bombs, shells. and demolition device s .
Peak employment during Wor ld War II was 6.854 contractor employees and 500 Government
employees. The plant was operated as 1-loiston Ordnance Works-Tennessee Eastman Compan~from 6 June 1942 to I May 1 946. when it went into a standby status until I April 1949 . From
that date unt il the present . the Ilolston Defense Corporation (HDC). a subsidiary of Fastnian

j Kodak Company, has operated portions of IIAAP under contract. Although HAAP was originally
desi

~
ied for high-volume production of composition B. changing techniques of warfare have

resulted in requ irements for special types of weapons . missi les , and rockets incorporating such C

products as Cyclotol , compositions A-3 and 8-3 . and M5AI demolition blocks. In FY~~i. there were
70 difI’erent explosives produced. Materials are shipped to the Army. Air Force. Navy, atomic
energy jeencies, and NASA contracto rs .8

The main mission of IIAAP is the production of RDX. composition B. IIMX .
IP~1X-f NT , Rl)X-plasticizer , and other specifically ordered, explosive compounds.8 i O  Manu-
tacturing operat ions are conducted in two separate areas. Area A opera tions cons ist of the
refining and concentration of acetic acid , the manufacture of acetic atihydride, and the storage
si t  raw arid unrefined organic acids. Area B operations consist of the production of concentrated
nitric acid and the nitration of hexaniine to manutfacture explosives , the blending of explosive
compounds . and the recovery of acetic acid.

TNT t rinhtr ot nl ucn c.
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As a class II, Government—owned, contractor—operated ammunition plaii t . I IAA I’
handles and stores explosives . The Government staff assures that the provisions of the contract
are tulf illed by Ilolstoti Defense Corporation UIDC) and coordinates administrative needs of
higher headquarters with HDC.

C. Topography and Drainage.

The Holston A plant area is on relatively flat terrain on the Holston River terrace .
about I .200 feet above sea level. Regulation of the river discharge from the Fort Patrick Henry
l)am by the TVA has eliminated flooding problems which previously occurred over one-third ot
the B plant area to a maximum elevation of 1,185 feet. TVA established the maximuim height of
flooding as 1 .176 feet since the south fork was regulated. Waters of this second level would
inundate the floodplains containing HAAP’s burning ground and sewage treatment plant during a
flow exceeding 100,000 ft 3/s (predicted every 200 years 2 ).

In the A area complex , the manufacturing area drains south to Holston River and
tiorthwest to Mad Branch (also called Unnamed Creek). In the B plant, the manufacturing area
drains into the combined forks of t h e  Holston River through six drainage ditches with a total
length of 14 miles (figure 2). Drainage ditches carry surface water from the burning grounds.
potential overflow from the sodium nitrate lagoons. and process and cooling waters from the
explosive manufactur ing area. The acid area and the primary distillation, steam plant, and
ammonia recovery areas are all drained by Arnott Branch. The primary manufacturing area is
gently rolling, w hereas the administration area is somewhat hilly, rising above 1 .300 feet in

elevation in the western portion. [he two areas are separated by a ridge so that the
manufactur ing area is not visible from US Highway I l-W. The raw water reservoir is located on
this ridge near the highest point in the area north of the river. The magazine storage area grades
from gent ly rolling land in the western portion to very steep areas which exceed 2 ,200 feet at
t he eastern border. The major , named drainages from the storage area are Sand Branch and
Parker Creek , but each intervening valley of the Holston River Mountain is considered so nugged
that t imber harvest management areas are largely restricted to the foothills. Marshland occuirs on
t he floodplains between the river and the magazine area .

D. Air Quality.

The ambient air quality monitoring program at HAAP consists of high-volume air
sampling for suspended particles taken weekly for a 24-hour period . Monitoring is conducted at

four sites (shown in figure 3: letter G in area A and letters A. B. and E in area B). The results
from 1975 are summarized in table 7.

All data are submitted to the Tennessee State Air Pollution Control Board.
Nashville, Tennessee, and violations are reported in writing. The State is satisfied with HAA P
plans for pollution abatement. However , they have urged IIAAP to proceed to compliance more
rapidly. The large number of suspended particulate violations at area A are probably a
combination of the emissions from many adjacent coal-burning and chemical-manufacturing
sources. During our visit, we observed visible emissions from the nitric acid concentrator and the
centra l coal-fired heating plant in area B. Vegetation in the downwind areas was examined for
potent ial damage. Although p~.;? trees in this area had yellowing of the needles and some other
symptoms of nitroge n oxide damage. the cause of these symptoms could not he traced to llA .-\P
without further study of their emissions. l)uring periods of temperature inversion. photochemical
smog. anot her pollutant causing plant damage, is common throughout the Kingsport area .
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Ta ble 7. Suspeiided Particu late Data 5 Sum m ary (p g/ in 3 ) for
I lolston Army Ammunition Plant

September I 975-February 1 976

Burning Filtered water  Hospita l
Station Area A (G)55 ground (E) reservoir ((‘) (D I

Number of samples 19 19 19 19
First 24-hour maximum I 86.3 90.4 130 .4 125 6
Second 24-hour maximum 186.2 79 .4 125.4 I 25~~
Tj mmies exceeded 24-hour primary standard 0 0 0 0
Times exceeded 24-hour secondary standard 4 0 0 0
.-~nnua l geometric mean 125. 9 58.6 91.4 70.7
Standard deviation 38 .6 16.1 19 .1 247

1cst was based on .s 24-hour continuous sampling period and was conducted in accordance with the listed method in
I-ed. Regis. 36 (84), 1086-1095 (April 197 1).

**( ‘orresp o nding map symbol.

In 1971 . the US Army Environmental Hygiene Agency (USAEHA) conducted source
and ambient air monitoring. ’0 The stations shown in figure 3 sampled SO2 ,  NO’,. acid mist (as
sulfuric acid) , suspended particulates , windspeed , and wind direction. During higher levels of
production, USAEHA found that , in area A , the steam plant contr ibuted about 1 2~ to the
ambient SO, concentrations and the azeotropic stills contributed about 1 4C% t.i the ambient NO-
concentrat ion. They identified the Holston River Valley adjacent to Bays Mountain as a natural
sink for the accumulation of pollutants and suggested that SO2 and NO, monitoring be
established. USAEHA also recommended that the physiological responses of plant employees be C

monitored if high pollution levels were found in area B near the bridge to the magazine area .

In general, air quality within both areas was found to be in compliance with existing
State standards and Federal guidelines (including Army Regulation 11-21) as of 1972. Suspended
part iculates, oxidants , and ac id mist were all in violation during some period of measurement.

The agency recommended that HAAP establish ambient monitoring stations for SO~
and NO2. ’° The design and procurement of these units was assigned to the Corps of Engineers
Mobile District under Ll-24 MCA project, and six trailers equipped with m onitoring equipment
for NO2 ,  NO3, SO2, and suspended particulates are scheduled for delivery in 1977. Contracts for
trailer construction were awarded to Xonics , Inc.. Van Nuys. California. Actually, seven sites
have been prepared by the Corps of Engineers. Instrumentation for monitoring total hydro-
carbons (as met hane), coe fficient of haze , acid mist , windspeed , and wind direction at two
or three sites is being procured. but the specific locations have not yet been selected. These
stations will be operated by trained personnel from I-IDC. Originally, eac h trailer was planned to
be equipped with an alarm for SO2 and NO2, but this system appears to be too costly.

- 
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F. W ater Quality.

[lie water quality of the Ilolston River in the vicinity of IIAAP is considered
~ as shown by data in the area water quality section. The characteristics of wastewat e r

from HAA1’ (both areas A and B) are presented in the manufacturing emissions section.

A program to monitor water qua lity is conducted by }IDC, HAA P, and is designu’d
to meet two objectives: ( 1) to furnish background data on the characteristics and quiality of raw
water sources at HAAP and (2 ) to  facilitate process control through the early detection of leaks
or spills. t 2 Nine points in area A and eleven points in area B are sampled weekly with composite
sampling (figu re 3). These monitoring points include stations in the receiving waters above and
below each area (table 8).

Malfunctions are detected principally through continuous pH monitoring at major
effluent outfa lls to the llolston River in both areas. Grab samples are analyzed for BOD.
chemica l oxyge n demand (COD), pH, organic carbon , inorganic carbon , settleable solids ,
dissolved solids, suspended solids, hardness , phosphates . chlorides, and water temperatures.
Measurements of the exp losives components (RDX , HMX. and TNT). organic solvents (acetone,
tohuene , and cyclo hexanone), tota l nitrogen , ammonia nitrogen, organic nitrogen (Kjeldahl
nitrogen), hardness (total , calcium, and magnesium). and turbidity are measured in industrial
wastewater streams on area B.

The descriptions of the monitoring stations (table 8) show that they were selected to
achieve the multiple objectives stated above. The sampling locations , the rationale for their
select ion, and the methods for analysis were detailed in a report by USAEHA. ’ ~ The parameters
and the methods recommended were based on the legal requirements of the Office of the
Pollution Control Board, Tennessee Department of Public Health, Nashville, w hich were

C promulgated on 1 7 May 1 971 for 1-IAAP. The actual sampling locations are shown in figure 3.
excluding the industrial outfahls within area A. I-IAAP received a new permit on 28 July 1974
(tab le 9). which also had seasonal discharge limitations for nitrogen forms and BOD which
become effective 1 July 1977. The new monitoring requirements also include quarterly measure-
nients of phenols, copper , mercury, chromium , lead, and sett leable solids.

Holston Defense Corporation water quality monitoring data from CY7~ are

summarized and presented in tabular form for all monitoring stations (tables 10 and II) . The
first group (stations AOl _ and BOL) are water quality stations (table 10). No measurements
were reported for stat ions AOIA through AOl F in table 10 for explosives (RDX/ HMX and TNT).
turbidity, solvents (acetone and cyclohexanone). nitrogen (total nitrate, ammonia , and organic).
and suspended solids. Explosives, solvents, and suspended solids were not reported for stations
BOl A through BOIC. The data reported in table 11 are from stations that are used to monitor
industrial and cooling waters. Explosives, turbidity, solvents , nitrogen. and suspended solids were
not reported from stat ions AO2A through AO2E. Data from this table are further discussed in
t he section titled “Manufacturing Emission.” A single deter .’iination of COD (743 mg/ I) was
made at station AO2Q, an outfall from building 20. From reviewing the data provided , there are
no measurements reported of solvents , exp losives, or nitrogen, which are characteristic of HAAP
wastewaters before settling, from stations in the Ilolston River. In this respect , the reporting of
t he data is inadequate. Thu’ water carried in the many underground effluent pipes discharging
direct ly into the river probably has a very low concentration of dissolved oxygen (DO). Water
and A ir Research found DO concentrations at one such outfall which supports thj s . m ~ There are
no data from IIAAP monitoring on DO lrom underground effluents , alt hough the continuous 
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\l.mp kk’iit iIlc~m — I IA AP identilica-
m ion number lion ii umber I )c script n u I

I AOl A Upstream of area A in t he South Fork of llolston River.
2 AOI B Downstream of area A , above Mead Paper Company outta l l s.
3 A OIC Downstream of Reedy Creek . above the convergence of the sluice

(Ridge tleld Bridge).
4 AOl D North Fork of the 1-lolston River above the convergence with t he

South Fork.
5 AWE Holston River upstream of area B.
6 B0I~ Holston River . area B w ater intake.
7 BOl B Ilolston River , Igloo Bridge (Arn utt Branch)
8 BOIC Holston River , Church Bridge. downstream of HAAP . area B.
9 AO2A Holston River , water intake for area A.

10 AO2B Waste stream entering area A from American Saint Gobain glass
plant.

II AO2C Surface runoff from Kingsport entering area A.

N.S.5 AO2D Industrial wastes from building 2 (acct i c acid concentration).
area A.5

~
N.S. AO2E Cooling waters from building 2 . area A. 55

C 12 A020 Main effluent from area A (west side).
13 AO2P Underground effluent from area A (east side).

N.S. AO2Q Outfall from building 20 (anhydride making), area A.
14 AO2R Waste treatment lagoon effluent.
15 BO2A Underground effluent from lines I-S . area B.
16 802B Underground effluent from lines 6-7 . area B.
17 BO2C Underground effluent from lines 8-10 , area B.
18 BO2D Manhole 148, effluents from shop area and the washing. primary

recovery , nitration , and hexamine solution buildings of lines 1-5 .
19 BO2E Manhole , effluents fr om acid area.
20 BO2F Manhole 2 t5 , effluents from purihcation . filter , and weighing

pr ocesses , lines 1-2 (no data ) .
2 1 BO2G Manhole 308, effluents from nitratioli . washing, and purification

processes in lines 6-7.
22 BO3B Arnott Branch , near l-Iolston River.
23 BO3C Surface drainage from lines I -S .

5N.S. - not shown on map.
55lhese effluents enter the main area A discharge to the river.
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itie:t sureinenl of I)() w~is recom m ended by EJSA I I IA for 0il l I IAA P uliseharges f rom i n d t i s t  rial
treatment facilities. 13 Conversely, in open—channel ditches which carry cooling water from the
production lines in area B. 1)0 is measured and it is not a problem. hut these ditches are hcavi I~coloniied by black fly larvae, which , as adults . are a pest (Mr. Lady. llE)C, personal communi-
cation) .

There have been many attempts to evaluate the impacts of wastewater discharges
from IIAAP areas A and B on water quality in the Ilolston River. 2 ’ I , 12 , i 4 , i ~ However, most
surveys have been inconclusive because UAAP is but a small portion of the pollution problem in
the upper Holston River . and the quality and quantity of’ HAA P’s discharges are highly variable.
as shown by the ranges (especia lly BOD) in table II. The chemical composition of the IRAE~
~vastewaters places an additional oxygen demand on the river. The Environmental Protection
Agency recognizes t hat unilateral polluition abatement by IIAAP will cause little improvement of
t he water quality in the umpper Ilolston River,2 ’ II because there are other large pollution sou m rccs
ulpstream. ( See area water quality l’or detail.)

In a limited biological survey. USAFIIA concluded that. a lthouigh no obvious elfects
on aquatic organisms were found resulting from area A discharges . potential effects were
probably obscured by poor water quality upstream. 7”6 The data indicated that Arnott Branch.
which receives cooling water and wastewaters from the acid area , was degraded to a condition of
“moderately polluted ” as a result of these discharges.

l)ye studies conf Irmed that surf itce flow was generally linear so th~mt the North and
Sout h Forks of the Holston River remain separated until river mile 136 downstream of the
area B manufactu iring area. ‘ ‘ ~ This North Fork is distinguished from the South Fork by high
levels of ’ ch loride , condu mctiv it~ - and hardness. In this area, ef ’f luents from suirface ditches and
pipes enter the river, and it is likely that these outfalls hug the north shore of ’ the river and flow
without mixing beycnd Arnott Branch. Because DO measurements in the river made during the
morning and afternoon were low unuler conditions of turbulent flow. Water and Air Research. Inc..
hypothesized that DO drops to less than 1.0 mg/l during an early morning low-flow period.
These nearly anoxic conditions , which are detrimental to aqu matic life . are aggravated h~
addit ional oxygen demands from IIAAP wastewaters. In the immediate vicinity of the waste
outfalls , Water and Air Research. Inc., foumnd si~ iiflcant increases in heterotrophic hiornass and
reductions of chlorophyllous species. They related these changes to toxic and eutrophic effects
of RDX and its associated residues. 14  This study did not address the effects of area A
wastewaters on water qutality.

F. Natura l Resources.

I. Flora .

A definitive study of the flora of HAAP has not been conducted . However, members
of the Wildflower Club of Kingsport , Tennessee. have compiled a list of ’ wildf lowers identified
dur ing field trips on the facility (Mr. Joe Taft . Natu iralist. Bays Mountain Park . personal
communicat ion). This list , indicates the great variety of plant-l ife indigenous to HAAP.
Appendix A lists the types of wildflowers found on IIAAP. including those found during our
visit (April 1976),
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lnasmLmch as IIAAI’ occupies a portion of Bays Mountain and is contiguous to Bays
Mountain Park. the tiora of ’ t hese areas will probably reflect much of the flora of IIAAP.
Jonathan Wert , Interpretive Service, Bays Mountain Park, conducted a survey of the ferns and
trees found in the Bays Mountain Park area. ’7 ’ 18 Emerson Roller , East Tennessee State College.
Johnson City. Tennessee . also conducted a survey of the flowering plants and ferns of Bays
Mounta in,* Each survey offe rs an excellent base f’rom which future stud ies of ’ the flora of IIAAP
could he conducted. These lists of plants were combined with other pertinent lists in appendix B.

The Forest Management Plan for HAAP offers an abbreviated list of’ the trees of
IIAAP. ’9 W hen the plants in this list are compared to the plants identified by Wert and Roller , a
hi gh degree of’ similarity is evident (appendix B). Of the approximately 1 50 species of plants
listed by t he Wildflower Club, six species are considered by various sources to be rare or
endangered. Dr. Aaron Sharp. University of Tennessee at Knoxville, classifies Cvpripediurn acalu e
(lady’s slipper). Disporum m acala turn (nodding mandarin), Pa nax quinquefo lius (g inseng) ,
P olm’ga la p auciJ bl ia ( f r inged po lyga la ) .  and Si ’rnplo carpus f oet idus (skunk cabbage) as rare
plants. 20 These form the basis of the Tennessee protected plants. The United States Department
of Agriculture also cotisiders the above plants rare and added Liparis lilifolia (large twayblade) to
the list. ** These plants are included on the Federal protected plant list. Furthermore , Ta ft
considers lady ’s slipper and Ore/mis specrabilis (showy orchis) ra re plants in eastern Tennessee

C (personal communicat ion, 1976). These have been identified on HAAP by the Wildflower Club
(appendix A).

Consideration was given to the ferns of Bays Mountain in the studies conducted by
Wert and Roller and most of the ferns identified in the studies are probably indigenous to
HAAP (Joe Taft . personal commumnication).

Lichens are not included in any of the studies , and any future studies should
consider Skorepa ’s catalog of t he lichens reported from Tennessee ,2m Phillips’ foliose and
fruticose lichens from Tennessee ,2 2  and Dey ’s new lichens of the Appalachian Mountains. 2 3

Also , studies on t he bryophytes of HAAP should consider Sharp ’s keys to Tennessee ferns and
his studies of eastern Tennessee bryophytes 24 ’ 2 5  and Shaver ’s stuidy of the ferns of the eastern
centra l states. 26 Additionally, Shanks and Sharp 27 have produced a summer key to the trees of
eastern Tennessee. available through the University of Tennessee at Knoxville . Tennessee.

The geophysical characteristics of I-IAAP are not unusual for northeastert i Tennessee.
However, due to the semiprotected nature of the facility, an unusually rich flora has developed
within its conf ines, The area south of the Holston River in which ammunition is stored
comprises t he portion of Bays Mountain occupied by I-IAAP. This area is characterized by steep
c liffs , gorges , small plateaus. and floodplains. with the walls of the cliffs and gorges composed ot ’
limestone. The walking fern, C’a,nptos oru s rh izop h .i ’Ilu s, must  have a limestone surface on which
to grow. This plant was observed clinging tenaciously to the walls of several gorges in the
magaz ine areas.

Although the depth of the streams in the gorges was approxima te ly I to 2 feet at
t he time of our visit, physical evidence indicated a high-water mark of about 5 f’ect. h igh water

RolIer . Fmcrso n J. A Survey o f the Howering Plants and I-e m s of Has’. Mountain- Unpublished Thesis- List I ~nnc~s~~ ST. C IC
College, Johnson C i ty. Tenne~ cc. August 1954.

5 Lette r from Mr. Hilly I- , Ileaden , Aeii ng Slate Res ources (‘onser va t io ni st . Soil ( ‘C C f l c e i V j t l C ’ n  Service . US Depa rt ment ~f
Agriculture , Nashville , Tennessee , to t )t .  F. Prescott Ward, l-cologiail Research. l-dgcwotid Arse nal. Maryland . 4 l)eeemher
1975.
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occ urs during ear ly Spring runot ’l’ f’romn Bays Mountain . causing a wet , buggy environntent
between the points where t he streams leave the gorges and enter the I lolston River. This wet ,
lowland environment is typica l of ’ the areas in which skunk cabbage is f’ound.

The plateaus are vegetated with cultivated pines or they are open meadows. The
open meadows are typical of the environment in which ginseng is found. The occurrence of these
two rare species should be documented so that future management practices can protect their
habitats. The forested areas south of the 1- lolston River are in cultivated pines , cultivated
hardwoods , and natut ra l hardwoods. The natural hardwood forests are predominantly oak and
maple spec ies .

2. Fauna.

The Fish and Wildlife Management Plant contains a list of ’ common names of
mammals known to exist on the insta llation . All of these are included in a checklist of

C 27 mammal species found in Bays Mountain Park . which borders the installation to the
southeast. The eastern woodra t (.-Ve .’ton,a J ior idana) . which is included on the checklist, is also
listed among the wi ldlife in need of management by the Tennessee Wildlife Resources Agenc~ - A

c hecklist of birds from Bays Mountain Park includes 82 species , 46 of ’ which were seen at the
installat ion on 4 April 1976, There is also a list of 100 species of common insects and a list of
24 species of butterf lies known to exist in the sam e park .*

Durin’g ouir visit, we met with Dr. Fred Alsop (ornithologist, Tennessee Stat e
University, Kingsport ) and Ms. Marcia l)avis (biologist. Tennessee State University. Kingsport ) to
discuss biological work that had been conducted in the area. Both I)r. Alsop and Ms. Davis wer e

- - pertnitted to accompany our team during a field study. More t han 30 birds were sighted or
identified by their calls , including the American bittern (Bota urus lc ’ntiginosus) . a great-horned
owl (Bubo m ’irginianus) . the common goldeneye (Bucep hala ‘langula) . the bufflehead duck
(Ru ct ’p lza la aiheola) . and the ring-necked duck ( . -l t- th ,t-a eollaris), which indicates t hat there is a
variety of undisturbed habitats at EJAAP. l)r. Alsop. a national ly recognized auithorit~’ , stated
that managed t’orest land and open fields of HAAP should provide excellent habitats for tiesting
h~ two endangered bird species: t he grasshopper sparrow (.1 ~nrnodra~nus sa m ’anna ru,n ) and
Bachn-man ’s warbler ( ‘crrn ivora bach,nanii) . The former is protected in Tennessee and the latter is
protected by t he Federa l Government.

A list of 27 species of mammals found in the Cumberland mounta ins up to
2 .000 feet in elevat ion is available.28 Anot her source is the observations of mammals in Johnson
and Carter counties . Tennessee ,2~ which includes species at elevations of 3.000 to 4 .000 feet.
Also ava ilable are the handbook and field guide for mamma ls of North Amer ica 30 and I-astern
United States . 31 The 1972 preliminary list of birds of Tennessee by Alsop 32 (an update of
Ganiers previously-published list 33 ) does not include distributions or relative abundances of these
species. A list of reptiles and amphibians was compiled in association with a study of wa~’:r
qua lity in the Obey River, its tributaries , the I-as tern Highland River. and the (“imberland
Platea u in Tennessee. 34

l -uy t her info rmation on the indigenous fau nal resou rces can be found in references in the hihliog raphy. 2t
~
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Mac roinverte brates were collected in the South Fork of llolston River , beginning at
I he downstream end of ’ Long Island and 4/ 10 mile up the North Fork of the I lolston River
during J une through September 1975 , using natural and artificial substrate samplers . t ~ The data
we t - c used in a comparative manner to examine the effects of munition production wastes.
Oligoehaetes were the dominant bent hic maeroinvertebrates collected. These organisms are
generally considered to lerant of ’ high organic and nutrient concentrations and depressed oxygen
levels. Chironomidae. P/n sa spp., Sphaerium spp., and Planaria were also abundant and are
tolerant ot’ nutrient and organic pollution. Their presence confirms Smock and Stoneburners ’ 6
f’indings of eutrophic conditions in the l-lolston River. Water and Air Research, inc., concluded
that the effects noted on ttiacroinvertebrate populations might have resulted from RDX plus
associated carbon and nitrogen compounds. They suggested tha t community alterations might
oecu mr more from t he ef’ t luent-associated carbon and nitrogen compounds than from RDX/ HMX,
considering the high toxic threshold of RDX/HMX measured for various invertebrates in acute
bioassays conducted by Bionomics.3 ~

3. Geological Resources.

The I-IAAP region contains two physiographic provinces which were once plains
areas. The Tennessee River and the uplifts of Bays Mountain during the Carboniferous period
have caused much erosion . folding. and faulting in the rock formations which are principally
limestone, sandstone, and shale. The presence of much porous rock makes the drainage patterns
somewhat indefinite. Limestone sinks are common through this area, and several have been
identif ’ied along US Highway I l-W , bordering HAAP. These solution streams often form caverns,
such as the one located in area B. Along the river there are high cliffs west of the maga7.ine
bridge where t he cave opens. Bays Mountain is underlain by Tellico sandstone , which consists of
interbedded calcareous sandstone and shale: Bays sandstone, which is calcareous: and Clinch
sandstone , whic h is noncalcareous. The erosion of the mountain ridge during the Mississippian
era has exposed the sandstone which predominates the upland soil series. ’

Alt hough sand is abundant , its complex structure and relative inaccessibility make it
generally unsuitable for economic development. 36 Limestone of a high calcium content was
t’ormerly quarried on the western edge of HAAP. The quarry was closed after construction of
HAA I~ and the area is now used as a landfill. Other potential mineral resources in this area
include shales and zinc. The shales are abundant and. according to the US Bureau of Mines.
Norris, Tennessee, a few shales of the Nolichucky . Rogersville, and Pumpkin Valley formations
could be used in the manufacture of a lightweight aggregate used for construction and baekfills.
Current ly. there is no commercial use of these minerals in the area.

Data from the soil survey interpretations of ’ eac h soil type were used to identify the
engineering capabilities, the hydrological properties. and the erosion characteristics of each soil
series f’ound on 1IAAP.~ Soil series with similar descriptions and construction limitations were
grouped together as critical areas. The interpretations here are general and cannot he substituted
for on-site soil surveys and pro fessiona l consu ltation with Soil Conservation Service prior to
initiating construction and maintenance activities . However. the soil maps and the t’ollowing
descriptions should be useful, in combination with other maps included in this report. to locate
potential areas for deve lopment . ntanagement. and maintenance in the existing plant area.

Th c int o rm at io n presented here was obt a ined from an analysis C C I  dat a provided by the Soil (‘on s erva t iiC n Service di stric t
conser S i  t i ,C n ist .  Mr. Joseph Patton . Rogc rsv i lle , Tennessee
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Major portions of the s i te  soils have been itiotli f ’ied for con s t ruc t ion  pttrposes i t t  I lie
tna nuf~tct uring areas of ’ plant B and plant A . with the result that these a reas are fl ow a ii i  i x  lure of
stir f~,ce and subsoils along w i lb construe lion fill materials tha t were not classi fled l~ Sum I
(‘onservat ion Service.

l’he slope distribution can he obtained fror n the original soil map and be re ferenceul
to topographic m aps contained in this report . In general , as the slope increases, the su m itabi l i ty of
he land t’or construction and agricultura l umses decreas es because erosion becomes more severe -

T ue Dewey amid Decatur soil series consist of deep. well-drained soils on uplands
which are underlain h~ limestone. These soils have shallow water tables, and sinkholes frequentl~occur. The occurrence of ’ sinkholes along the northwestern plant boun dary corresponds well with
the distribution of these soils. Seepage problems limit their use I’or ponds or landfills.

The I:towah and Clarksvi lle soils , found on steep slopes . are subject to sc’ie le
erosion . Etowali is associated w ith stream terraces and is wel l-drained. The Clarksvifle soils
contain cherty silt loam which cautses them to he droughts- (excessivel y drained ). The drouight~
na tu re  o f’ Clarksvil le soils makes them somewhat unproductive. These soils are locally uncommon
amid are f ’ound in the vicinity of the main gate.

The Dandridge. Jefferson , Needmore . Nella. and Talhott soils are well -drained to
e’tcessive l~- — drained. c lav- ltkc restdue trom e.ile. ireous sb-ales on uplands . They are most abundant
on the mountain s lopes in t lit ’ in.i~~i,mne .IR’j  I)evelopm cnt is limited in these soil series by
shal low bedrock. ~s f i tch C t i t C  I C  ipS i.’oiiitii oti l~ in the I ,ilhot 1 ser k’ s When the vegetation is
removed t’rom ~t nv ol t hese sot ts . etoston and tmtdslmttes are common . These arc the predominant
soils of the ridge cn~ t r i l t i l i t s  i t s  of the area , and t his series is ~Oori~ suited for any construction
or nianiagenrie nt because U is qt i  I I ratitle rhe htg hest rat itr ~.’ for these soils is good f’or
woodland !wtldlite hahi l it ’  in 11w \ecdiitorc and [alboi t se ries. Dandridge soils are the most
abundant on t h e  I .t ~. t l t t ~ I ).i fill i~lei I Ic i . and I .tlhot soils also occur on moderate slopes
around the admm n ist r a t tiii t l~L I I I t l i f l~!s

I liL ~ L’L’flu l.ij$ - . II . - Ili i lsluti - ~~. iis .thatigh - and Statler soil series consist of
deep. ~ elI-il t.i ~ soik I ti: nit’ d in lss .tm’s ailti ’s turns on hot Ii m l  lands and low stream terraces.
Constru~

- t i o t i  On st it li s i l t s  ~s Ilinili ~I h~ . I S t C  ‘ti ,tl tlimt)tj tng . seepage. and apparent high water
I.ihI~’s h~- ;~ s e L r i  )c - 

~t ’t and \t rs P ii rh ( ,n ~- md,i le se r i es  Pnor to flood con trol and riser
c o t t t  ~ m l , t mi . i  - - areas it Iht ’ si s t i t i  I~ ~~~

‘‘. s~ c r ~ flooded each c.ir 1 hese ~~~~tn- somew ha t randoml y
along t ite perfli.i tient draina~~- C it the plant area

Uhe -~Ita~ ts t.i ( lomidl.tntf . I )t Ul;flu i I~~. ~ l ,tse t  - arid l a f t  soil series are poorly— to
mode rateP ~ 

- drat ned st ,il’ . ~ hn.- h  C k e  iii on uplands .,ird ro llin g hill s to river hank’s ( St ise r I A l l  of
these sut l’. li.i s c pour di .i i . ie ~ or .iR I req ueiiIl~ inund.i ted h~ flooding and bait ’ perched water
t. ihlcs frott i 0.5 to 4.0 fe et deep f ie t  is i - I i 5 - i’iiihi’r and \1 .ir h. Hecatise the w ater tables art ’
perched I es pectalI ~ -\I t . is i’st .i. I i t t  - and ~ I,iset i h i s s ’ su i ts remain is et and are unsuited I ~it 111051
con st ruc t  ion or agriL-u lt tire is it liotit some d ra i t u ge Ihe isl .inds and t i . t h.a ii k~ w it bin I he plant
are large ly of the Stasc r soil ‘s er ies • a t ~ ~ i .  .il .i Iltii t ,t l s o i l

I hi’ steep slopes and pea k’s of Ba~ s ~1m i i i t l t , i t n  .tr e umi .’ii ’ul h~ Mttsk i~tgliani s o t is
which consist of shallow . is i.’l I—dr ai ned ‘soils under lat ii b~ sandston e. Ihese sot Is are stth ~’~- t  t o
severe erosi on when the s-t ’get~iI iut i cover is removed or killed b~ Iier htc mde’s. Because the slope
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exceeds ~0 in most of this area , a cleared zone bordering the security f ’ence cannot he
it i.iiiita iiied without high maintenance costs and possible erosion damage to the fence itself.
,
~lthough some hardwood spec ies grow in t his area , they cannot he harvested without
eumi ts itl er ab l e datnage to the area.

The lirincipal soils mapped for I IAAP are listed in table 1 2. Data were not available
fo r :ill soil tY pes on IIAAP. html those not listed in table 1 2 (Nella and Sensahauigh ) may he
eoiistd er t ’d to have characteristic s similar to other soil series with which they were groumped in the
prev ious discussion . The woodland suitabili t v groups for the soil series have been derived f ’roni a

~S l)epartment of’ .-\gric ttlture progress report ~~ brief ’ descriptions oF each group are included
(appemitl i x C). The progress report provides addit ionitl explanatory data which discuss the tree
‘s peck ’ s and management practices which should he employed f’or eac h woodland group.

4. Archeological and Historical Resouirces.

There are no cemeteries within the boundaries of IIAAP in areas A or B.

The Kingsport chapter of the Tennessee Archaeological Society has carried out a
‘e i i cs  of excava t ions  on the Holston River within the boundaries of the installation , near gate 57 .
a djacent to the se isage treatment plant. In conversation with one of the members of the chapter.
ss c learned that further work at this site was abondoned last year since “little or nothing’’ is-as
tincos ere d -

-
~~ i t s it  to thi5 area revealed that the excavations occupied nearly an acre. The

t~round i sa ’ s  l i t tered with stone flakes amid tire-burned rocks . indicating that it was at one time
the scene of habitation ari d tool-making activity. Further inspection resulted in the recovery of

u t  more potter\ shards of varying designs and a finely-worked projectile point. These findings
e . i s t  some doubt uipon the qttoted remarks of the chapter members. Further professional
archeological examination shoumld he conducted at t his site prior to any construction or
c\c , t i , It ion  there.

IV. I N S t A LLAT ION ACT IV F~IIS WITH A POTENTIAL FOR AFFECTING INSTALLATION
RESOURCE S.

.-\~ Public Utilities.

- Electricity and St cam.

Holston Army Ammunition Plant purchases electricity from Kingsport Power
Company. Kingsport . Tennessee. In FY75. 86,71 2.000 kilowatt hours were purchased and
230.376 tons of coal containing I’~ to ~~ sulf ’ur were burned in the steam-producing plants (Mr. —

(‘harles Skidmore , Staff Assistant , HEX’, persona l communication ). Figures 4 and 5 show thu.’
locations of boilers for area A (building 8) and area B (buildings 200 and 222 ) . respectively.
Ruiilding 222 contains three boilers which are inactive due to the uncertainty of’ natural gas
supply. Building 8 has six stoker boilers and one pulverizer boiler which produce 100 ,000 and
190.000 pounds of’ steam per hour for each boiler type. respective ly. Building 200 has four
stoker boilers and two pulverizer boilers. The stoker boilers eac h can produce 1 30.000 pou nds of
steam per hour.

There is no stack-monitoring progra m for the steam-generating plants. except for
opacit y monitors (Mr. Robert h ash . (‘Iietiiist. III)(’. personal u.’omniunication ). Continuous
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Ta ble I 2~ l’i iiicijxil Soil SL’I i c ’s fron t I b Itt on Army Aininunit ii iii Plant

L~miuu.I suita biliny Soil map Soil series Soil information Woodland
c lass itl cati oii number sheet number suitability

II 2 I luntin g t on silt loam 14 207

3 Greendale silt loam 14 207

50 ~ atle r silt loam I 207 —

85 Stase r silt loam 14 207

48 Sequatchie silt loam ‘ gravelly 14 207
silt

12 II Wh itesburg silt loam 14 2W~
5 .86,94 Landside silt loam and cherty 14 2W8

silt loam

Ilel 17B1 Minvale silt loam and clterty I 307
silt loam

42B Uolston loam 2 307

48B t Sequatchie silt foam to grave l i y I 207
sill loam

IIc2 44B1 Cloudland loam 6 307

59B2 Dewey silt loam 3

lIwl 151 Al tavista silt loam 14 2W8

liamb len silt loam 14 2W8

Ille l 42C Holston loam 2 307

t6C l Etowah silt loam I 207

llle2 66C2,C3 Dunmore silt loam 3 307

59C2 Dewey silt loam 3 307

llle3 4OC l .2 Nolichuck y silt loam to gravel l y 2 307

tine sandy loam

42C 1 .2 Holston loam and gravelly loam 2 307

111w I 288 Melvin silt loam 17 2W~
)

lll w2 46 Taf ’t silt loam 18 3W8
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Table 12 (Contd)

Land suitability Soil map . . Soil information Woodland
classification number Soi l series sheet number suitability

l llw3 46 Tyler silt loam to loam 18 3w9

IVe l 38D Dewey silt lu-am 3 307

42D 1- lo lston loam 2 307

581) Decatur silt loam and gravelly silt 3 307
loam, 2 ; _ 2 2 5 ; slopes

591)2 Dewey silt loam 3 307

661)2 Dunmore silt loam 3 307

IVe3 76C2 Needmnore silt loam 7 3C2

7 1C2 Talbott silt loam 7 3(’2

251 - 1 Jefferson silt loam to fine sandy 2 3r8
loam

VIe l 59E2 Dewey silt loam. 5~ --3 Q~ slope- - 3 4c3c

651) 1 Clarksvi lle efie rt y silt loam, 4 3c~
2’~ — I 5~~ slopes

66E2 Dunmore silt loam 3 3r8

V~~2 71D2 Taf hot t silt loam 7 3c2

75D2 Sequoia sn~t loam 7 302

Vle3 77D,D3.1-i I Dandrid ge shah, s ilt foam 9 4d3

791)1 Lii, shah s i l t  loam 9 3f8

Vls I 271) 1 Jefferson cobbl y loam 10 3X 8

lOlC Ta lhott rock-outcrop comp lex II 4X 3

V Ile I 77F Dandridge s ttat v si lty clay 9 4d3

l.it, silt loam

VIlsi 101 b Talhott rock-outcrop complex II 4X 3

I 02~ Talhott rock-outcrop complex II S >~ 3

100 Ilolston urban land complex

Muskingham stony 5X3

VIIs2 Pits and fills
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blo isdow ti  fro nt buildings 200 and 222 is discharged into a se lt l it i g pond befo re it enter s Ar n t t t t
Branch. Blowdowi m f ro t i t  building 8. area A , is similarly detained bef ore it eiiters the I lo lst ui t i
Ri~ L’r. i’his ct irre nt l ~ i nau leq uate  I reatnient for solids and Itea 1 will he improved in I IAA I’
seliu.’uluiled phase 2 pollti tion abatement program (Mr. Robert Brewer . Mechanical Fngineer. I ll)( -

.

persona l con iiimu nicat ion ). The boiler addit ives art’ shown f ’or eac h area in table I 3.

Table 13. Amounts of Boiler Treatment Chemicals Added
to Area A and Area B Boilers in FY75

Amount added to  boiler
- (thousand pounds)

( ltemicaf
Area A Area B

Rock salt 185 .5 5 4  4
Disodi nm phosp hate 2. I 9 .
Sodium sulfite 1.2 6.3

The high concentr ations of solids are visible in the South Fork of the hfo lsto n Ri’, er
and fuirther degrade water quality- . The discharge temperature of t i m e cooling and blowdow n
w a ters is 7° to 10°C above ambient levels. These conditions tnay stimulate the growth of nox i O Lts

a lgae and eliminate desirable species. 38

2. Water Utilization.

For FY75. 99 .8’ of ’ t he total average water demand of 1 27 .82 Mgal/d was pumped
from the Hoiston River and the Souith Fork by FIAAP. Two—tenths of I’ -~ was purchased from

-
. 

the Kingsport municipal water supply (table 14) . Thu.’ locations of puni ps and filter houses are
shown in figure 4. An average of ’ 13.8 5 Mgal/d was f’iltered wat er umse d in the industrial process
(Mr. Charles Skidmnore. personal communication) . In area A. water is flocculated with alum. the
p1-1 is adjusted with lime , and the water is then chlorinated. At area B. filtered water is
prec hlorinated to 1 .5 ppm. tloecuilated using alum, sett led in primary and secon dary hasinis . and
finally gravity—filtered. The fi lter is composed of an anthracite top layer and four la~ cr’s of
increasingly smaller garnet. The backwash f’rom the gravity filter and the settling ponds goes into
a drainage ditch and then to the 1-lolstoti Rive r (Mr. Howard Quillen. Supervisor. ()ti l it ies .
Area B. HDC, personal commitnication). The amoutnts of ’ chemicals umsed for water treatment arc
shown in table 15. Currently. sluidges drain to the Ilolston River. When the new industrial w,i’- f u.’-
water treatment f’acility operates , sludges from flocculation will be disposed in a lanu .lt ’ill when the

j  
settling tanks are cleaned.

3. Sewage.

All sewage from area A is pumped to t he kingsport municipal wa s te t reatment
plant. In area B. 0.19 Mgal/d is treated (see figure 4 l’or the location of t he sewage t r eatment
plant.) Primary and secondary treatments are administered by settling ponds and trickling l’i lter.
Approximately 80’ of the BOl) is removed and the dissolved oxygen is near 9 ppm . 1 1  t et
t reatment. The sludge is sold or given to the local farmers. It is rarely dumped in the sa nitar \
Iandf ’ill (Mr. Quillen and Mr. Lady. Hl)C. personal communication ) .
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Table 4 . Wat e r (‘onsumption at Areas A and B iii I Y 75

Source of water Amo unt Treatment by IJAA P Use

Mgal /d
South l urk of Holstoni River 49.72

I .42 Filtered Process at area A
48.29 Cooling at area A

Hulston River 77.82
12.43 Filtered I’rocess at area B
65.39 Cooling at area B

Kingsport municipal water 0.28 — Drinking at areas
treatment plant A and H

Total 127 .82

Table IS. Amounts of Chemicals Used for Water Treat ment
at Areas A and B in FY75

A mount used (thousand po unds)
(‘heniical
___________ 

Area A Ar ea B

Alum 96.7 (dry weight) 26 2 5 .5 (gallons)~
Lime 38.2 (hydrated) 321 .0 (quick lime)
Chlorine 38.2 246.1

*48% Afum liquid.

B. Solid Waste Disposal.

I. Landfills.

There is one landt’ill in area A (figure 5)  and three landf’ills and an open duimping
area in area B (figure 6). No records were avaliable for the total volume of solid waste disposed
of at each site. However , the types of wastes are identified for each landfill in table 16 . The
main sanitary landfill at area B (3 acres ) has been in operation since 1966 and is expected to he
used ui. 1 1978. Less than I acre of the proposed area B sanitary Iandf ’ill (10 acres total ) m’ s
current ly being used to bury fly ash, coal tar, and cinders from the steam-production facilities.
The remaining area is graded, wit hout vegetation . Contractors of HDC are currently using this
area to obtain clay. Based on soil survey maps. the new landf ’ill will be located in an area where
sinkholes and subsidence are likely. Therefore , borings of the subsurface should he conducted to
evaluate t his hazard and the threat of groundwater contamination . Even though the clay soil was
barren , t here was no evidence of erosion because the site is level . The third landfill at area B
( 2  acres) is located in an old meander of the Holston River. downstream of a dike. Sixty feet of

construction materials and trees has been covered with loose soil at this site. Af ’ter the landfill
was in use for an undeterm ined period, the streatii behind the dike went underground and its
new course has not been determined. This landfill is in an area susceptible to sinkholes. The
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additional wei ght of t h e  liii material m a y  cause the land to su bside at time landfill site. L a i m u l fi l ls
sited in such areas are pote iiliah sources of groundwater contamination.

A dumping area is located in a f’ormer limestone quarry. The various metal and
rubber products are covered with soil when the surfac e of the quarry is f i l led. Masot ir~ anul
meta l l)Ote it tiallY contaminated with explosives are treated with hydrated lime prior to disposal
in the L ndf ’ilI (Mr. Joseph Lady. Maintenance and Groumnds l)ivision. IIDC. personal commun i-
cation ) . 1 he onl~ surface drainage t’roni this quarry is toward the Holston River , and there is
potential for leac hing of ’ metal and acids into the ruinoff and the groundwater.

The landf Ill at area A I acre ) is a small trench used only to bury fly ash and
cinders from the steam—generation plant and coa l tar (when it is not burned in the boilers ) from
the producer gas plant (table 17) .

2. Incineration.

There are two incinerators at area B. both in the same building. and none at area A
See map for locations.) Both are niodel 2000 Combustall ® incinerators with a eap aeit \ of

2 .000 pounds per hour. The fire is started h~- a natural gas burner and then is self ’-supporting
with an afterburner f’or escaping gases. Operation of’ one incinerator began at the end of
Noveniber 1974: it is now used approximately once every 9 days. The other incinerator is used

- - as a backup. Tin-zinc cans , office paper. hexaniine bags ( paper). obsolete-office files, shipping
cartons (cardboard) . and eyeg lasses (plastic ) are incinerated. (See table f’or amounts.) Computer
paper and keypunch cards are recyc led. Cafeteria waste (food ) and infectious wastes are
incinerated in the steam boilers since storage is not permissib le. Explosives and materiel
contaminated by explosives are not incinerated in this incinerator . The Cornbustall® model 2000
incinerator has been tested by Environment One Corporation for the Corps of Engineers tinder
an FY72 MCA Project, Line Item 4 for HAAP, and was found in compliance with Federal and
State air qua lity standards. There is no monitoring program for its stack emissions. There are
plans to install an incinerator to burn explosives (FY74 MCA Project. Line Item 20 for }1AA I~).

3. Open Burning.

Waste exp losives and materials contaminated by explosives and solvents are Open
burned eac h day if feasible (figure 6: table 18 shows amount of materials ) . Waste expl osives arc
placed on a sheet of plastic on the ground in a 3-t’oot-wide . 3-inc h-high strip of ’ variable leiigth.
Exce lsior strips are used to light the f’ire. Burning is done only if wind and hum idity conditions
are suitab le and if fire department personnel are present.

Partj cu lates have not been measured: however, the combustion products of ’ was te
explosives and plastic are released into the air without treatment. Runoff from this site enters
drainage ditches which join the river.

Materials contaminated by explos ives such as wood, masonry. and metals f’roni old
buildings and containers of explosives are burned: metals are recovered if possible. Most of the
noncombust ible waste which remains is dumped in the quarry. and some is spread around at the
burn site.

Solvents are poured into a 20-foot-squmare pit in the hurning area . The pit contains
water and the solvents float on the water and are burned (Mr. Joseph Mim er, Sa l e t ~ Off ’ice .
I1I)(’, personal communica tion) .
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Table 17. Ref ’use and Fly Ash Disposal

Amount of re fuse and fly ash disposed of

Area B, Area A. Area B, Area A , Area B,
Date main fly ash, fly ash, tar , refuse by

___________ 

sanitary fill building 8-Y building 200B building WA landfill

yd3

16 Jan 75 6,300 43 58 97

17 Feb 75 1,400 38 62 94

17 Mar 75 1 ,497 208 32 92

16 Apr 75 1,270 29 55 113

15 May 75 1 ,791 16 24 151

4 
16 Jun 75* 32* 20 44 93 1 ,400*

15 Jul 75 48 22 56 96 1,600

18 Aug 75 36 19 38 91 1 ,526

16 Sep 75 28 16 42 93 1 ,72 1

16 Oct 75 39 28 2,064 97 1 ,645

18 Nov 75 32 16 100 91 1 ,200

16 Dec 75 37 18 40 93 1 ,752

16 Jan 76 4 1 28 45 96 1 ,340

17 Feb 76 288 38 52 91 1,358

18 Mar 76 114 88 20 93 1,548

‘In June 1975 , the landfIll below the dam in area B was opened and from this date onward refuse that must go
into a sanitary landfill *‘ent to this site; the other refuse went to the new landfill.
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Table I ~~ . (‘omita i mi j uma t e d and l’ tcimi ~atI~ (‘om iia iiii naied A me a s

(‘ouitamm naied a reas Type of eoi i tam n lmma i i t  ( ap.~. mm Area Si am u

gal* acres

Pond I Sodiuiii nitrate slud ge II  .166 .0(X) 3. 61 Filled

Pond 2 Sodium niira te fud ge 0 ,166 .000 2.55 Filled

Pond 3 Sodium nit rate slu dge
and other chemi cals I 7 .273 .(J0() 8.45 A c t ye

Pond 4 Sodium nitrate sludge ~0,6h6 ,000 II .85 Active

Ponds I and 2 arc now covered with earth he~- ausc ilie siudge was used fo r iert ilii.e r ma n utact u re

Explosives and contaminate d materials will he burned in an explosives ineinerat ut
and in an incinerator t’or contaminated niateriels when FY74 MCA-project line-item 20 is
com pleted. This project is presently in the desigii phase .

C. Contaminated Areas.

Production sites A amid B ( 134 and 630 acres . respectivel y) should he considered
potential ly contaminated by HMX/RDX amid their hyproduicts.

As an emergency measure ( following the destruction of the sodium nitrate process-
ing facility by f’ire). four holding ponds were dug to hold the production ef ’f luent. Their area and
capacity are shown in table 19. When ponds I amid 2 were l’illed. the contents were reprocessed
and the reniainiing liquid slowly d~’ained, over the course of a year . into t he Holston River. These
pomids were then tilled ami d seeded. Ponds 3 and 4 are still in use ( Robert h ash , personal
communication). The proposed imiduistrial treatment f ’aci lity will he construicted north of the
former site of’ ponds I and 2.

D. Manut’acturing Emissions.

Air Emissions.

T he major manufacturing units at EIAAP that affect air quality are :

A. Steam production plants.
h. Nitric acid concentration units.
e. Acetic anhydride unit.
d. Produicer gas plant.
e. Animomiia oxidatio,i process units.
f. Open burning areas.

The characteristic emissions and applicable standards art ’ sumnmari ,ed in table 1°
Opemi burning is discussed in section IV, B, 2.
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a. Sleamn—l ’ rod ucf ion l’la mi ts .

The steam—production plants at  HAAI’ are located in humilding 8 at area A and
buildings 200 and 222 at area B. Their capacities and descriptions are detailed in section IV . A.
Building 222 is currently on standby status. Building 8 has seven boilers and building 200 has six ,
with a separate stack t’or each unit. Only particulates were measurred during a 1967 survey
because all boilers were fired with low-sulfur coal (0,W/~ )• 8 Boilers 3 amid 4. area B, exceeded all
applicable particulate emissions during a 1971 survey. ’0 Lead was also present in the exhaust
gases f’rom boilers at areas A amid B. Phemiolic compounds were measured from boilers I and S at
area A and were attributed to the f ’requent burning of ’ producer gas tar as ami alternate fuel.

b. Nitric Acid Concentration Units.

The nitric acid amid concentration plant in area B (building 334) produces 117,000
pounds per day of 99.5%- nitric acid fromn units 5 and 8. During t h e  1971 USAEI-IA air sampling
survey. tm 0 the concentration of acid niist from unit 5 (0.56 gm/ft 3 ) was greater than twice the
Tenmiessee standard for process eniissions (0.25 gm/ft 3 ).

c. Acetic Acid and Anhydride Units.

In area A. low-grade acetic acid is obtained as a byproduct of acetic amihydride
dist illation (building 6). and crude acetic acid froni acetic acid recovery (B-buildings) in area B is
retrirned to area A for recovery in building 2. This low-grade acetic acid is comicentrated h~azeotropic disti llatiomi (buildings 2 and 6) durimig which low-grade impurities (acetonitrile . methyl
ace tate , methyl nitrate, ethyl acetate. propanol, arid propyl acetate) are released to t h e
atmosp here (table 19). Acid mist 2nd total acidity emissions from these buildings were less t han
t he Tennessee State standard. ’° Methyl nitrate was measured as NO~ by USAEHA’° arid a
subsequent niilitary construction project was scheduled to reniove met hyl nitrate to acceptable
em ission levels. Now methyl nitrate is no longer vented to t h e  a t m osphere : it accumulates in the
solvent and is removed when the solvent is replaced.

d. Producer Gas Plant .

The producer gas plant (building 10) manut’actures about 2 million cubic feet of gas
eac h day. The gas is manufactured by the incomplete combustion of’ coal and is used for f’uel in
acetic anhydride manufacture . Visible emission has been identified as the most serious air
pollution problem associated with this facility. T he shortage of natural gas has prevented
conversion of this facility, bur t no pollution abatement projects have been funded to correct this
problem. Abatement has been programnied in an FY79 Production Support and Environmental
Requtirements Program.

e. Ammonia Oxidation Units.

There are 10 amniomiia oxidation process units in area B. 4 of whic h are active. The
ammonia oxidation process units produce 6l~ n itr ic acid. and USAEHA estimates that the~ emit
I 7 ,000 pounds per day of nitrogen oxides as NO~.8 Nitrogen oxides are lost from the exhaust
unit (unit 9. bunilding 302) during startup and froni the compressor during power reeo~ er~ - A
197 1 survey showed that 67.9 pounds of nitrogen oxides was emitted for each tori of gas that
was produced)° This rate exceeded the Federal guideline of 5.5 pounds per ton of acid
produced . Emission of acid mist and sulfur dioxide was not considered to he significant 1w
USAE IIA. ’°
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Work on the molecular sieves for one 55-tons-per-day (TPD) unit has been completed .
l’he 300-TM) unit uses extended absorption. These ammomiia oxidat ion process units now
comply with the air emission standards f’or NO~ 

gases. 39 The combined output of these u n i t s
would hamid le approximately 71% of the requirement of nitric acid at mobilization . Three
ammonia oxidation process units not equipped with molecular sieves would be needed and NOx
emissions would be in violation at mobilization levels. Evans stated that , for other units, the rate
of pollutami t discharges varies with production rates,4° because the ammonia oxidation process
units are operated at maximuim efficiency although they operate intermittently based on the
demnand.

2. Water Emissions.

The aqueous emissions from areas A and B have been characterized in detail by
USAEI-IA.’ 2 In that survey and in subsequent water quality studies .’ 3 1 5  t he flow rates and
pollutaiit concentrations of the wastewaters were found to be highly variable. Although
discharges containing only a few characteristic pollutants were measured at their building source,
the proxiniity of other industrial ouitfa lls and the practice of mixing wastewaters (industrial .
cooling, and surface drainage in area A and industrial and cooling waters in area B) has
confounded all efforts to interpret the effects of HAAP wast ewaters on the receiving stream.

in area A, surface drainage from t h e  main tan k farni area , where organ ic conipo-
nents and products are stored, amid principal roadways in the production area is discharged
through a storm sewer directly to the Holston River. During dry weather , flow in this sewer
consists of condensate, leakage. and washdown water from the main tank farm and producer gas
plant (building 10). The remaining storm water runoff from area A is carried concurrently w ith
industrial wastewaters , process water from American Saint Gobain Glass Works Plant, and storm
runoff from Kingsport. Water quality for the two tributaries ’ sampling stations (10 and I I) and
t h e  main outfall station (12) is presented in table 11 . The stations are identif ied in table 8 and
located in figure 3.

Storm runoff in area B is discharged to the Holston River through seven channels or
west to Arnott Branch through three channels. Most cooling waters , the building drains, and
w :ishdown waters are carTied by a sewer to natural drainages.

The industrial wastes produced in area A include ( I) residues from the concentration
of acetic acid, (2) acetic acid from spill and leaks, (3) phenol and residual tar from the producer
gas plant , (4) fly ash and boiler blowdown, (5) water treatment brines and sludges. and ( 6 ) large
quantities of cooling waters . Waste loading from speci lme sources was determined in a survey by
USAEHA. Those results have been incorporated into table 20. Plans for segregation and
treatment of t he cooling waters and industrial wastewaters are discussed in section IV. U.
“Construct ion and Modernization.” Building 2 waste waters are currently treated in an aerated
lagoon (figure 5). which discharges 0.1 to 0.14 Mgal/d.2

The main activities at area B include production and concentratiom i of nmtric acid:
product ion of ammoniuni nitrate ; production. purification, and packaging of explosives : amid the
recovery of dilute acetic acid .

Nitric acid is produtced by the oxidation of anhydrous ammonia to nitroge n oxide .
w hich is dissolved in water to produce dilute nitric acid (buildings 302 and 302-B. ammonia
oxidation process units). It is concentrated to 99% by ext ractive distillation with magnesium
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iii t ma t c (nitric .ieid ct c i l~ cml i i  ition. building 334. currently act ive ) .  Ihe process wastewaters from
I f ics c operations include aunri l loum a , ,iitric acid , t h e  nitrate ion . anul a small amu ou int of oil from
he compressors used in ti re .iullmno iiia oxidation process. !‘hie proe~’ss was tew aters arid cooling

s~ at c r5 are discharged into A rnot I Branch -

The concentrated nitric acid and amihydrouis amm uonia are used to Prepare t h e  n itric
ac id—ammonium ri nitrate solutiomi (building 330). Essentially all of the waste flow is cooling water ,

~s Imich is discharged into Armio lt Branch. Bef ’ore the nitration step , hexamin e is dissolved in glacial
,icet ic reid ((‘ bLiilding). The aniinoniun-t miitr ate— nitric acid solution is stored f ’or use elsewhere ,
and lacquer mixtures (C buildings ) For use in the G buildings are also prepared. Waste flow from
t hese processes include spilled hex a mn im ue amid small amounts of acids and other organics. These
are measured as COI) and miitroge mi compounds.

T he hexamnine-acetic acid soluition is puimped to the nitration area (D btiildings

~vhere the hiexamine solution is hatch nitrated wit h the nitric acid-ammomiium nitrate solution to
produce crude RDX (C 3 H~O6N~ ) or crude UMX (C4H8O8N8 ). Contamim iated wastewater s from
the nitratiom i operation are rouite d through a catch basin en rouite to an industrial sewer. The
wastew aters f’roni this operation include cooling water , condensate , agitator seal water. and floor
amid equipnient was lidown water. T he contaminants include RDX. HMX. acetic acid , and other
materials from leaks amid spills.

The explosive slurry is then t’iitered. was hed, and reslurried in t he F huildimigs for
further processing. The contamimiated wastes include explosives , acetic acid, nitric acid, and oth er
components of the mixture wh ich pass through a baffled catc h basin before entering an
inulustrial sewer.

The explosives are thtn dewate m-e d aiid recrystalized in the G buildings using toluene.
acetone, or cyclohexanone . depending omi the type of crystal desired in t he explosive. The
wastewaters (mostly cooling water , seal water , and condensate ) are passed through baffled catch
basin s before enterimig t h e  storm sewers . T he  comitaiiiinamits include solvents. explosives , lacquers .
arid other corn poutnding agents.

The dewatered exp losive is then ground imi a water slurry in somiie of t h e  II huilding~
The exp losives are then settled out of the slurry . The overflow water drains to a catc h bas in an d
themi to t he sewer. The wastewater contains explosives , solvents condensate , acetic acid, settling
tank overflow, and wash water.

The final product is formed by mixing dried RDX or J-IMX with melted TNT in the
incorporation buildings (I. J, L. and M). The air utsed in dryimig in limie I and some special product
lines is scrubbed once with water before it is discharged to the atniosphiere. The contaminated
cooling waters are discharged into t he h-Iolston River.

Explosives are received in barrels or mititsches it the N building amid are packaged for
shipment. l)ust is exhausted f’rorn the buildings and scrubbed with water. T he  scrubber water and
washwater enter a catch basin and are discharged to t h e  hlolston River.

Spent acetic acid is recovered amid returned to are a A for refimiimig. Sludges f’romn this
process were sent to the fertiliier facility (building T-l ) prior to a fire in 1973. Two holding
ponds were then constructed to contain t hese sludges w n iich are now heimig processed in
building T- 2. Waste streams containing acetic acid . methy l aniiimie. dimethyhamine. amid some
ammon ia empty into Ar iiott Branch. The concentration of (lie wastes in the discharge generally
complies wit h existing stream standards. h owever. t he current total waste loading will not
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coil l  pls ~v i t  Ii IIAAI” s I ~77 permit requirememits ( table 9), The high levels of miutroge n ( a m monia.
n it r a t e , and Kjeldahil) : phosphate: solids; antI organic carbon associated wuth area B wast ew a ters
create h igh chemical and bioche m ical oxyge n demands. In addituon, waste acids from spills . leaks ,
aiii.I direct discharge cause a nitrogen problem in Ar nott Branch. Alt h ough a detailed suirvey of
I ~~~~ discharge rates and polluitant concentrations was made un 197 1 , most of the data were
rough estimates. Siiice that survey, sonic modernu.ation has been implemented and product ion
le~els h ive declined from 70% of mobility in 1971 to less than 20’A - currently. Furtherm ore ,
because t h e  pattern of ’ t ile discharges is dif ’ferent for variours production lines , water emissions
were not tabulated. For detailed information , the reader is directed to the water quality section
and referenced reports.

3. Litigation.

A f’ormal complaint against l-lolston Defense Corporation was filed by Dr. Eugene W.
Fossinkle. Director. Tennessee Department of Puiblic Health, on 21 May 1973 for an alleged
illegal discharge of pollutants into the South Fork of the Hoiston River froni area A and the
Uolstoii River from area B. As a result of that complaint , an agreement was made between thie
Tenmiesse e Division of Water Quality Control amid the US Army wliichi established e ffluent
limitations (table 9) and a compliance schedule for implementing a water pollution abatement
program.

The sch edule requiired submission of an engineering report for treatm emi t by
1 February 1974, submission of final plans by I May 1975 . initiation of construction by 1 July
1975. and conipletion of construction by 1 July 1977. Holston Army Ammunition Plant has
missed all of these dates except , of course . th e  last one.4 i

• Suits against 1-IAA P for violations of Tennessee air pollution regulations had not
been filed until the question of regulatory jurisdiction was resolved by the US Supreme Court.4 2

This 7 June 1976 ruling in favor of autonomy by the Federal Governmen t will prohahl) he
accepted by Tennessee. Therefore, EPA Region IV will file any further actions against IIAAP.
The EPA is curremit ly satisfied wit h the progress of pollution abatement of ’ HAAI~ a~d no further
litigation is expected.

F. Storag.~
Ammtmnition is stored in X and Y magazine areas ( figure 4) . T he c las sit ’ieation ~ ard

cons ists of earth barriers behind which trailers loaded wit h explosives can park temporarily - The
exp losives are later moved to the X and Y magazine areas. Toxic and hazardous materials snored
at Holston Army Ammunition Plant are shown in table 2 1 These materials are used or
produced during the manufacturing process. Coal piled miear the steam plants at areas A and B is

not covered , and the storage area is not diked. Figures 5 amid ( show the locations of these coal
piles.

F. Pest Control Measures.

Pesticides and herbicides are used extensivel y to control insects and weeds in almost
all parts of l-lolston Army Ammunition Plant (table 22) . Monocultured plantings are more
susceptible to damage by insects and pat hogenic organisms than is the surrounding vegetation.

In the summer of 1973, after 2 years of damage . some short leaf and loblolly pimie
plantings were sprayed with a (Y—~ malat hion m ist to check the spread of the virginia pine sawfly.
Sout hern pine beetles have been found in small ntmnihers later , hut now have spread to t h e  pimie
tre es wea kened by the sawfly. No control has been attempted as of July 1975. Further damiiage

56 

~~~~~~~~~~~~~~~~~~~~ —- ~~~~~~~~~~~~~~~ 
-



Table 2 1. Toxic and hlai .ardous Materials Stored at I lolsioti A um i r y Ainiiiunition Plant

Nitric acid-ainuiuiiiiuuii iii rime solut m m  Propy l alcohol
Nitric acid . strong A ceione

Nitric acid , weak (‘yc lohexam ionc
Sulfuric acid Stearic acid
Aqueous ammonia Acetic acid , crude
A mlh ydrouls ammonia Acetic acid , strong
Caustic soda (sodium hydroxide) Acetic acid, weak
Quick lime (solid) llexamine’acet ic acid solution
Chlorine (gas) Buty l acetate
Fly ash Di-ocry l adipate
Ammonium nitrate — solid Di-’octyl phthalate
Aluminum sulfate - dry (solid) Ethyl acetate
A luminum sulfate - liquid Isobutyl acetate
Calcium silicate — solid Laniinac
Disodium phosphate - solid Propyl acetate
Magnesium nitrate Sodium stearate
Magnesium oxide - solid Tar , gas producer and steam plant. area A
Rock salt - solid Toluenc
Sodium sulfItes - solid Benzene
Triet hyl phosphate — solid Pemi tachiorop henol
Sodium nitrate — solution and solid Dipheny lamine
Asphalt desensitizing wax hlexam iiine - dry hulk

- 
- Fuel oil No. 2 IIMX

Fuel oil No. 6 ~\ it wc e Itu~ose

— Gasoline RDX
Hydraulic oil TNT
Lubricating oil DMSO (dimethyl sulfoxide )
Unprocessed oil (was ne oil) Acetic anhydride , refined
Butyl alcohol Acetic anhy dride. crude
Methanol

I
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Table 22 . Types of Ilerbicides and Pesticides Used at Holston Army Ammunition Plam it

Quantity used ,
ii~rbicu dcs Purpos e CY74 Area use d

2 .4 .1) Broad -leafed weeds 30(1 gal Rig hic ’o f-w ay, firebr eaks . parking lots ,
2 .4 .~ - I It ro ad- leate d weeks 300 gal drainage ditches , maga zine area , produ i t Ion
l)a lapon U)owp o n) Soil st e rila ni 1 ,00(1 lb urea , and administrative area
%t a i u m ia in CI . i  25 2(1 gal
Pr.u m iku l Soil si c ri lant I 0.00(1 lb
Ur ~ ..l.IdI 2 .800 gai
-%mnt ate Soil st erilant 6 .000 lb

Suiv isar 45 gal

Projected usage
Pesticides Purpose 

for CY76 Area - -se d

Am mate-X Herbicide 7 ,500 lb As uh~ se
Am ine 2, 4- D Herbicide 55 gal As above
t )alapon Herbicide 300 lb As above

— I lyv ar X .t~ Herbicide 300 lb As abov e
sISMA Herbicid e 300 lb As above
Karme ~ Herbicide 60 lb As above
Maintain CF-I 25 Herbicide tO gal As above
Prami ioi Herbicide 6,000 lb As above
Silv isar 5 tO Herbicide 10 gal As above
Tordon 10-K Herbicide 900 ib A s above
Weedo ne 2 ,4 .5-T Herbicide 160 gal As above

• (‘ im tor dane Control ar~t s 55 gal Around buildings
Diazinon Control blacktlies 17 gal Drainag e ditches
6- 1 2 Repel! insects 75 cans Production area
Malathion , 57~ - Control forest pests 115 gal Forest , production , and administrative areas
Malathion , 95 Control forest pests , 115 gal E-’o resi areas , drainage ditches

blackt lies
Soi uble ma lathion and pyr ethr o n Con irot flying insects i40 cans In buildings

concentrate d aeroso l
Rodenticide (anticoagulant) Control rats and mice 30 lb In buildings
D’(’on Control roaches 20 lb Administrative area
t )iapha~-in (paraffin blocks) 50 ea
Wasp stopper (14-o z aeroso l cans) 175 cans Administrative area and prød uc t uon humid i r i ~’

‘S ’ u rcc s:  Joseph Lady, Fish and Wild li fe Pla n (or HAA P , revised July 1975.
Joseph Lady, Land Management Plan for HAAP , revised April 1974.
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to lobloily pines and black locust is beimig mii in imuiz e h by e h i tn im m at iirg t h em From the p l am i titi g
program. (‘otto nwoods were introduced to I IAAI’ (and eastern Tennessee ) by a planting program
lii I 975. t lie pla ni t ing was da muaged by cottonwood beetles arid Ja pa nese beetles: tire damage was
comitrolled by insecticides. ~ Insecticides amid roclenticides are also used to rid buildings of pests.
Malathion is sprayed in an t iltra— low—volum i ie mist to kill blaekt lies which spawmi in drainage
ditc hes on the amniunition plant (Joseph Lady, Supervisor . Storage arid Maintenance. f IX’ .
personal communication).

In March 1976 . biologists l’rom USAFIIA at Fort Meade, Maryland, investigated t h e
effects of short-terni treatment of the cooling water streams at IJAAP with diazinon to kill
blackfly larvae (Mr. Carl Neidhiardt, USAEHA. Fort Meade . Maryiaiid , Personm ial communication I
Although their report is not completed, a low-vohuiiie. short-term dosing method may be useful
for blackfly control.

Herbicides are generally used to keep parking lots. walkwa ys , building foundations.
and storage areas free of weeds. 28 Soil steri lants were used heavily in the late 1 960’s for this
purpose: t h ey were injected utider pressure through a spray bar with jets placed approximate l~2 feet into the ground. T he production areas are miow covered with gravel to discourage weed
growth, and soil sterilants arc used for spot treatment.

G. Resource Management Programs.

1. Forest Management.

The 5-year Forest Managem ent Plan provides for the development of HAAP’ s
- , woodIands. 1

~

There are 3,828 acres of woodland under miiatiagenient. 8 Figure 7 im’ldieates the
wooded areas. Most of this area was used for agriculture, and all wooded areas were cut over
approximately 75 years ago.

Since 1968, 819 acres of suitable land have been relorested with southern yellow
pines (shortleaf and lobbolly) and eastern white pine. A 5-year prograni has been proposed to
estab lish approximately 20 acres per year of walnut and cottonwoo d plantations in the west
central part of the bottom lanul along the north batik of t h e  hlolston Ri~ er

Management practices encourage the growt h of certain tree species because of their
reliab le market value and ability to produce maximum ;iniounits of usable forest products. These
species are listed in appendix B.

The harvesting program is such that undesirable trees are removed during ea rls
cutting cyc les to supply logs, rough lumber, amid pulpwood . Iventual l y.  the more desirable
species w ill constitute a larger percentage of ’ natura l stamids t h a t  can be used for veneer logs.
high-grade lumber, anti locust poles anti posts.

WoodIand~ on t he installation are divided into compartments and cutting units.
Various compartments or units are sc heduled to he se lec t ;vel~ h arvested annually. 1 ~ Vit ies . such
as honeysuckle and kn,tdiu. cause considerable damage to the trees in the plamitation s and are
controlled by spraying the herbicides 2.4-I) and Maintaim i (‘F-I 2~ E.arge undesirable trees. if le l t

uncut , are killed by use of the Hypo 1Iatchet .~ whic h girdles the trees These trees ma~ be

L 

potential reservoirs for diseases and insect damage.
.1St Co nipany , Flanders . New J ers e~ -
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Specitic rights-of-way are not cleared as f ’irehreaks: roads and fences running through
wooded areas provide t’ire prOtectioli .

2. Fish amid Wil dlife Management.

The Fish and Wildlife Manageniemit Plan coincides wit h a cooperative agreem ueti t
between UAAP, t he Bureau of Sport Fisheries and Wildlife , Department of Interior , and t he
Fenimiessee Wildlife Resources Agency.43

Comnioti game birds on the installation include the bobwhite , mourning dove , black
duck , mallard , and wood duck. The principal game mammals are the cottontai l , the gra y squ irre l,
the raccoon, and a few whitetail deer.

Severa l stoc king programs have been conducted on the instal lat ion. A 3. 16-acre raw
water reservoir shown in figuire 7 was stocked with largemouth bass and bluegills in 1 966.
However, niost of these fish were killed in 1967 by the high oxygen demand of the l-Iolston
River water w hich is pumped into the reservoir. In 1972. the reservoir was treated with Fintrol
to determ ine its fish inhabitants. A total of 140 ,546 fish was collected. Restocking was
conducted with 5,000 fingerling channel catfish. The whitetail deer and turkey population
ex isting on the installation is the result of stocking projects. Seven deer have been released on
the installation, and several more immigrated from Bays Mountain State Park after a similar
stocking program there . Twenty adult turkeys have been placed on the installation. Since these
programs have just begun, the long-range results are not known. However, it is antici pated tha t
the protection offered by the installation will enhance the establishment of these populations.

Predator contro l includes either destroying foxes, fera l dogs, and skunks or
live-trapping these animals and removing them from the installation. These activities are
conducted when it is judged that the amiimals constitute a hazard to the safety and well-being of
the instal lation personnel.

The planting of corn , soybeans, milo, wheat, buckwheat, and millet provides food
and cover for waterfowl and upland game birds. The 1976 annual work plan for fish arid wildlife
management includes the planting of 180 acres-of annual grains and S acres of perennial plant s .

In 1955. the Hols ton Gun Club was organized to control the hunting at HA~h u n ting privileges were rescinded in 1959 for plant safety. Small game hunting was agaimi
permitted from 1965 to 1975 , at which time it was stopped. Excessive traffic froni hunters niia~thr eaten or damage the habitats which contain several endangered species of plants (see “Flora”
section ) and provide potential nesting sites for two endangered bird species : the grasshopper
sparrow , A rnrnódra~nus sa i ’annárum , and Bachman ‘s warb ler. Ver,nii ’ora bachmanii (see “Fau nl ;m ”
sect ion ) . On the other hand, hunting provides the most practicable method to control
oserpopulation of deer; however, because there is abundant food and h abitat in the vici miit~ ol
h lA- ~P. hunting is probably not needed at the this time. Therefore. it is recommended that the
bunting restr ictions should continue at HAAP until the status anti location of various plants and
anini.i ls can he determined from a field survey. Fishing is permitted in the raw water reservoir

3. Land Managem ent.

(if t he 6.025 acres of land on the installation , 33 acres are improved grounds .
I .t )~ 6 acres are semi-improved ground s, and I .11 1 acres are umiimproved groumids. * The remaining
land is foreste d.
i gor es taken from l4nd Management I’tan 5
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Maintenance perfor med omi the improved land com isists of mowim ig and occasional
reseeding and fertilizing. not to m’nention the lawns and athletic field which are mowed three
times a month during 3 to 5 months of the year. T he omily landscaping that has been done is the
platit im ig of a few shrubs miear administrative buildings. The semi-improved area includes the
magazine storage area ant! road .shou,klers . wh ich are mowed twice a year , amid fertilized and
reseeded as required. and wildlife l’ood plots w hich are seeded fur wildlife management. The
unimproved grounds. such as agricultural leases , ponds and streams , pavement and railroads , and
buildings. are not maintained tinder the land management plait. Improved and semi-improved
grounds are fertilized with commercial 5-10-10 fertilizer with additional animonium nitrate.

Herbicides and mowing are used to com’mtro l weeds and bruish . Weed-killing chemicals
in use are 2,4-D, 2,4 ,5-T , Hyvar X-L. Pramitol , Ammat e-X , Maintain CF-I 25 , Tordon 10-K .
Dowpon, and Silvisar 510. For fire prevention around explosives-production buildings, soil
steri lants and crush ed rocks are used to eliminate vegetation.

Erosion is controlled by seeding and fertilizing areas where vegetatiomi has been
disturbed . Rye grass, fescue, and bermuda grass are eonimonly used for steep slopes and ot her
areas prone to erosion. (‘alcium u chloride and water are used to contro l dust on dirt roads and in
construct ion areas,

H. Construction and Modernization.

Table 23 lists all of the construction and miiodernization projects at HAA P. M(’A
project litie items 3 and 15 and PAA project 570-2072 are primaril y for the reduction of NON : MC~
project line items 2. 4, 19 , amid 20 are for the reduction of’ partieum latc eniissiomis.39 Th ese
proj ects should reduce these emissions to within the Teminessee State air pollution standards
MCA project line items 1 , 6. 10, 12. 13, 14, 16 , amid 18 are water-pollution projects to treat and
eliminate the discharge of wastewaters detrimental to the quiality of the 1-lolston River. Present
plans call for pumping all waters to area B for treatment. PAA project line items 3 and 24 arc
to increase awareness of plant air- and water-pollution facilities prevent ive actions The rema ining
PAA projects are for the modernization of the manufacturing area to increase the pr odtmc tiomi
efficiency 40

Problems of air pollution will be solved by the construction of new fac i l i t ies  and the
installation of pollution-abatement equipment. Electrostatic preeipitators will he installed in eac Ii
of ’ the 10 spreader stoker boilers in buildings 8 and 200. Th ere are no modifications planned fo t
building 222. wh ich is currently inactive.

Molecular sieves will he added to supplement the absorption columns ott the nitri L
acid concentratiomi units, and sieves will also be installed omi four old ammonia ox idat ion process
units (MCA 7 2 line item 3). Two incinerators will he comistrueteu l . one 2-tons - pe m- da~ capac ity
unit for explosive wastes , anti one I l—tons—per—day unit for explosive contami nated ss

Phase I . line item I (wastewater treatment ), segregat L’d liii.’ industrial s~ asIc ’s and c~ohing
waters from t h e  acid concentration area (building 2. area A ) and provided treatm nent or the
industrial waste. Cooling waters are now discharged to t h e  industrial amid stormn sewer (figure 5
Phase 2 will segregate the remaining cooling water and industria l waste s in area A The w as tes
will he collected in a cem itr a l industrial sewer for lreatt iiefl t i t t  the wa s t i.’w .m t e r treat muent I .m~ tInt \

at area B. Dikes were constructed around the production arc~m t o  insure that no industrial st is les

from spi lls and leaks enter the surface runoff or cooling water streams.
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Fable 23. (‘oiislru~titiii aiid Modernization Projects at I ltilstorm A rm m my Amiiniumi i th mn Plan i
Whi~hi Potem it ially Affect the Quality of time L i iv i ro imi imcmi I

Protect Funding Estimated
niumni her (FY) complet ion Project description

____________ __________ 

(FY) 
___________________________________________________

N1(’A LI I 70 73 Area A pollution contr ol pond (phase I) pilot has been
operating since IS March 1973,

M(’A LI 2 72 74 Three precipitators and smoke detectors , one in building 8 ,

area A , and two in building 200. area B, reduce pulverized
coal-fired boiler stack particulate emissions.

MCA LI 3 72 7% Abate m ent of air pollution (NO
~

) a t  four DuPont ammonia
oxidation process units , area B, building 200 - molecular
sieve.

MC.~ LI 15 72 78 Abatement of air pollution (NO x ) at nin e nitric acid coticen-
tration units , area B, buildings 503, 334 , 304, and 303- B -
molecular sieve .

\ICA LI 4 72 74 Noncontaminated refuse incinerator , reduction of particulate
emissions .

MCA LI 6 72 77 Phase I - utility water-pollution abate m ent - boiler b lowdown,
tllter plant sludge . pumphouse debris disposal.

MCA LI 10 72 74 Tank dikes , areas A and B - contain possible spills.
MCA LI 12 . 7 2 78 Industrial wastewater treatment plumB , phase I , area B.

13 .14

MCA LI 18 73 77 Ash water disposal , building ~~ . area A .

~l(’A LI 19 73 78 Electrostatic precipitators to t 10 stoker-fired boilers , six at
area A.

MCA LI 20 74 76 Exp losive waste and exp losives- cori tamit iated waste incinerator -

MC\ LI .N 73 78 Methyl nitrate removal , building 2. area A
M(’A LI 23 73 77 Water-pollution monitoring ss te nt , areas A and B.
MCA LI 24 73 77 Air-pollution monitoring system.
MCA LI 27 77 — Industrial wastewater treatment plant , phase II.

PEMA
570-2072 70 76 300-Tons-per.day ammonia oxidation plant.

PUMA
570-2068 70 73 Sodium nitrate facility.

PUMA
5 7  1 .2034 71  — Phase II (construction). ami hydride moderni,.ed plant.

PUMA P-l6 71 74 IIMX recovery prototype .

PUMA
S 70 - 207 1 72 — New buildings to rep lace (‘I . (‘S .and CQ .

PUMA
57L207(, 73 — A cemn ira l lacquer preparation buildimig — replaces operations

at (“3j~.
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In .mn e a B. all separ ate industr ia l s~astc ot i t l a l is  you be e lm i t t i t r a te d ,m m id a ll indust rial
wastes will be treated at a cent  1,11 lau ih it~ located no rt lmsse st of the sc ’ ss age treat mn em it plamit - l) ikes
sse re also construct ed in area B to collect indu strial wast es for t re atment.

(‘lar k , l)uet, . amid Assoctate s has received the architect and engineering contract for
design of ’ the industrial wastes treatment facil i t y at IIAAI’ .44 l)etails arc not yet completed ,
although carbon adsorption amid expensive pretreatments I’or explosive and ammonia wastes will
probably he emp loyed. Final design is eomit inge nt ttpot i t h e  restt lts of pilot studies rec e mt t l~
conducted at I IAAP.

V. SUMMARY AN L) RF(’OMMI:Nl)H) ECOLOCI(’A L SURVI -Y  PLAN.

Uolstoni Artiiy Amniumiition Plant is located in a niotintainous area whic h h as  intem ise
industrial development. Currently induistria l wastewa ter discharges from area A containing organic
acids , solvents , and thermal loads are causing deter iorat ion in the South Fork of the Holston
River. Arnott Branch is also degraded by discharges of ’ cooling waters and spilled acid from the
nitric acid-an imoniutmu nitrate solutiom i building in area B. Surface and imiduis tria l sewer drainages
from the manut ’aeturi mig area cau se a high waste loaditig in ti le hlolston River. T he water qttal it~
of the 1-lolstom i River and i ts  branches is also degraded b~ industrial disc harges f’rom six other
m a jor industries in ktngsport . Teminessee The regutlation of’ flow in the South F ork of t h e

- 
- hiolston River and the low dissolved oxvgemi contem it ot’ water released t’rom Fort Patrick Hemirv

I)am are also detrimental to assimilation oh’ t h e  wastewaters that are disch arged downstream.

II.-%.AI’ has scheduled an ongoing modernization project that will enhance t h e  qutaI it~
of ’ its discharges: h owever , a tec hnology has miot y et  been demonstrated to treat t h e  cx plosives—
co ntaminated wastewatem’s .

The frequt ency of temperature imiversions and the restriction of air movemne nt by the
niountains suirroumn ding Kingsport cause the air eniissions to co ncentrate within the Hohston River
Valley. Somiie vegetation damage amid m’toxious odors have been reported from nei ghhorimig
communities, and signs of daniage caused by air pollution are evident in the pine trees and oIlier
vegetation downwind of the acid facility in area B. The installatiomi of new abatement systems.
incinerators, and an air quality monitoring l)rogram are expected to eliminate air polluttion
problems caused by UAAP. Studies of the vegetation sensitive to air pollution would he
beneficia l to evaluate improvemem its in air quta lity.

Underground caverns are as,sociated with several soils found on 1IAAP. The
occurrence of sutc h soils , which subside without warm iimig. Iiniits the areas avai lable for expansion
of t h e  manufacturing, support . amid disposal faci lities at HAAP. As a precaution. the geology of
t he proposed sanitary landfill site , apparently located in a sinkhole area. sh ould he investigated
with special emphasis on the potential for subsidem ice and groundwater contamination . Likewise.
current and future developniemi t sites shout ld he exaniined.

The steep slopes of the southeasterii part of IIAAP are eas il~ eroded by disturbance
or act ivity that would remove the vegetatiom i. Besides the possibilities for erosiomi . this natural
area potentially contains severa l plant species wh ich are considered by State and Federa l
authorities to be rare, endangered, or t h reatened. Such natural a reas should he protected from
hiutman distttrhance (e.g. . huntim ig): however. cooper at ise scientif ic researc h sh ould be continued
with organizatiomis like Fast Tennessee State University anti the Wildflower (‘huh of Kmmigsp ort.
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( ;encrally. suf ’ticien t baseline data exist for the aquatic communit ies to e.s ta hu sh the
etirrent Im pacts of’ IiAAP activities on the environment. An understanding of’ t he impacts of
IlAA l’ on t h e  terrest rial euivironmeii t could be enhanced by additional plant and wi ldlif ’c
inventories. Ilie resut lts of these inventories would be essential to establish management
strategies that provide protection of hab itats and enhance tim e environmental ch aracteristics
necessary for the survival of’ species w hich are under Federal and State protection. After studies
by t he Sutrgeon Genera l have been completed and pollution-abatement systems are operating, an
aquatic survey sh ould be conducted for comparison.

.

I
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APPENI)IX A

I’LANTS OF HAAI~ AS IDENTIFIED BY THE W ILI)FLOW ER CLUB OF
KINGSPO RT, TENNESSEE

(;enuns/species Comnion name

.‘lclullea millej~.rliu,n Ya rrow
Aesculus Ot andra Sweet buckeye
,lgriminia S/) . * Harvest lice
Agrimonia rost dllata Agrimony
A/h um sp. Wild onions
Ambrosia sp. Ragweeds
Ane~none quinquefolia * Wood anemone
A nemonella thalictroides * Rue-anemone
A quilegia canadensis Columbine
Arctostaphyl os uva-ursi Bearberry
A r istolochia Jurior Dutchmani ‘s-pipe
.-lsar um canadense * Wild ginger
Asciepias quadrifolia Four-leaved milkweed
Aster SI ’. * Aster
Bidens sp. Spanish needles, beggarticks
Blephhh ia ciliata Downy woodmi nit
Brassica sp. * Mustar d
(‘astilleja coccinea Painted-cup. Indian paintbrush
(‘eanothus americanus New Jersey tea
( ‘en taurea cvanus Bachelor ‘s-but ton
( ‘ha,naehirium luteum Blazing-star
Ozeno podium album Pigweed
( ‘hrysanthemum leucanthemum Ox-eye daisy
cicuta bulbifera Water hemlock
( ‘imicijii ga rac emosa Bugbane
C/ in tonia borea lis Corn-lily
Cnicus benedictus Blessed thistle
C’omandra unibellata Bastard-toadf lax
(‘o,ziwn maculatum Poison henilock
(‘onopholis americana Sqawroot
Con u ’olvulus sp. Bindweed
C. sepiu,n Hedge bindweed
Coreopsis lanceolata Lance-leaved Coreopsis
C. major * Tickweed
(‘repis capillar is Hawksbeard
~‘ypripe diu m acaule ** Lady ‘s-si ipper (S harp, USDA)
C. calceoh:is~ Yellow lady ’s-slipper
Datura stra monium Jinisonweed
Delphinium sp . Larkspur
Desmodium sp. Tick-trefoil
D. eanescens Hoary tick-trefoil
I). nudif ’lorum Naked-flowered trefoil
Dh ’en tra cucullar ia Dut china ii’s-breec hes
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/) ip saeus / ae i,z iatus Teasel
I) isj ; ir g t ,; i  ;;, tI ( .l,latz ,,f l ** Nodding niaiidarini ( Sh arp)I) oth ’t ’at/ wnn ,nt’a (/ ia Shooting s t a r
/: ( ‘/ l j no ( ’t ’ s I j s  lobata Wild encumber
l:pigaea repens * Trailing-arhutus or Mayflower
1:r igeron annuus Daisy tleabane
F. pi /c/,eh h~ * Poor robin’s-plantain
l:ri t/ , r o,,j an , a ’,,eriea,;, i,n * Trout—lily
/:lU n if l l u s  amt ’ric ’anus Strawberry buish
I: upa! () rj unz f iS ( l~/ ØSj , , fl * Joe—p ye—we ed
I:t ~p horhia cor o/bata Tramps or flowering spurge
F. Ina rg inata Snow-on-the-mountain
!- ‘raga ria t ’irginiana Wild strawberry
(;

~,/a v aphi ’lla Galax
(;~ /j ~~~ SI) . Bedstraw
Gnap lzallu,n ohtus ifo/j u, n Rabbi t tobac co
GaziIt/z t’ri ~, p r oc’u,nbe,zs Win tergreen
(;c ’ra ,liz,,,z ,na c ’ulatum * Wild geranium
G/c ’c ’/zo,na hederacea Gill-over-the-ground
Gledi tsj a triac anthos Honey locust
lie/ ian riuls sp. Sunf lower
Hep atica sp. * Hepatica
II. americana Hepatica
Ileucizer a vilbo wa * Alumroot
h ibiscus p alustris * Marsh mallow
Hierac iu,n p aniculatu,n Hawkweed
Houstonj a caeru/ea Bluets
ll1 ’/’ericuni Sp. St. Johinswort
H. puncta tum Spotted St. Johnswort
l1t ’p oxj s hirsu ta * Stargrass
If lip a t iens sp . Touch-me-not
I. capensis Spotted Toutch-nie-not
I. pal/id a Pale Touch -me-not
Im/) O,noea .çp, * Morning-glory
Iris sp. Iris
I. crista ta Crested dwarf iris
I. i ’crsico bor Large blue flag iris
Ka/mia latifo/j a Mou nit a in-laurel
Lactuca f loridan * Blue lettuce
Lapor tea cana densis Wood nettle
Liparis / ihifobia ** Large twayblade (USDA)
Lobelia inflata I ndj an-tobacco
Lou icera japonica * Honey stick le
Ludwigia p oh ’carpa Many-fruited false loosestri fe
L; ’simachia sp. Looses tn f ’e
L. quadrif t hia Whorl ed loosest ri t’c
.~hE ant/ ’e,nu,pz canadense * Lily-of-the-valley
. I I r ’deola n ’irginian a Indian cucumber-root
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I/ cl o t hr ia / 1 ( ’ndula (‘reeping cucumber
.1 len f / i a Iongif r hia I-lorsem in I
i1lerf c ’nsia m ’irginu ’a Virginia blu ebel ls
Iilj t ( ’/ u ’f la r ep ens Partridgeberry
Mite/la dip/n / la * Bishop ‘s-ca p
.- Vepeta eata ria Catnip
Oi,os,nodiup n virguizanun: False ~ om well
Ore/ us  spectahilis Showy orehis (Taft )
Ova/is s,,. Sorrel
0. Violacea Violet wood-sorrel
O v n ’polis rigidior Cowba ne
Panax quinquej ’o /ius ** Ginseng (Sharp. USDA)
P. trifohius * Dwarf ginseng
P art/zenocissus quinquefohia Virginia-creeper
P enstep non hirsutus Hairy beard tongue
1D/1 / ~~~ ,çp * Phlox
P/,i ’tof ac ca am ericana * Poke
P/an tago ~I ’ * Plantain
Podoph v/bu m pel ta tum* Mayapple
Polemonium rep tans Greek-valerian
Polygona tum bifloru rn * Solomon ’s-seal
P 0/vga/a p aucifolia ** Gaywings (Sharp ) or fringed polygala
Poren ti//a sp. Cinquef oil
P. recta Rough-fruited cinquefoil
Ranunculus sp , Buttercup

4 Rati bida p innata Gray-headed coneflower
Rizamnus carolinana * Buckthorn
Rhododendro n sp. Azalea
R. calendu/ aceurn Flame azalea
Rosa ,nu/rj J lor a * Multiflora rose
Rubus sp. * Blackberry
Rumex 5~ . Dock
Sanguinaria canadensis * Bloodroot
Sa izireja vulgaris Basil
Sedunz sp. * Roseroot
S. r ernatum Stonecrop
Senecj o m’ulgaris Common groundse l
Sisi ’ri nc/ziu,n augustifobiurn Blue-eyed-grass
Suni/acin a ra cemosa * False Solomoni ’s-seal
Sp nilax herbacea Jacob’s-ladder
So/an um caro/inense Horse-nettle
S. dubcaniara Nightshade
Sohidago sp . Goldenrod
Sonchus olerac cus* Sow-thistle
Ste//aria sp. * Chickweed
Strep r opus anzp lexifohius Twisted stalk
Synzp locarpu s f oetidus ** Skunk cabbage (S harp. USDA)
Tara.vacum officinabe * Dandelion
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I l Ialu - tr un ,  t/1 1 14111 M eadowrue
I p~ ) l I ’ganiun, -— Meadowrue
hare//a ( ‘o r ( / s / (  ,/j a * Foa iii tiower
f l /ia au,ieri -ana Basswood
Trif b/i um ~p * (‘lover
7’. /) r atense Red clover
T. r ep ens W h ite clover
Tn// m imi 5/) . * Tri liiutm
Ti p / ia luuf o Iia * Broad—leaved cat tail
(-r u/ar ia  S/) . BeUwort
1’ gr a ndiflor a Large-flowered befiwort
( p er /o/ iata Perfoliate hellwort
I ‘erh ast-uzi, sp . * Mulleimi
I ernonia no n’eborace,zsis Iron weed
h o/a cp * Violet

eanadensis Violet
I’ . ~‘uu ’u // a ta Violet

- I I ‘. enzu,~g i,zat a Violet
1’, hastata Violet
1’ p edata Violet
Virus a esf h ’a/is Summer gr ape
I’. i ’u/pin a Frost grape
} i i ( ’( ’a tIla nze,ztosa Beargrass or Adam ’s mieedle
Zi:ia trif o/ ia ta Meadow-parsnip

*Observed during h eld trip, 4 Aprit 1976.
Consi dered rare , en dangered. or threatened by authorit ies within ( ).
td ent ifi ed isr rare by Mr. Joe Taft , Naturalist . Bays Mountain Park , 4 April t976.

-i
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AI~PENI)IX B

SURVEY OF THE PLANTS AND FERNS ON BAYS MOUNTAIN AND HOLSTON
ARMY AMMUNITION I-~LANT. KINGSPORT, TENNESSEE

Genus/spec ies Common name

-l eer ,zegundo#* Boxelder
..l. nigruin Black maple
.- l. pens y/m ’am-zicum Str iped maple
A. rubru m~~* Red maple
A. rubr um var. tr i/ obum Carolina red maple
-i. saceharin um Silver maple
.1.  sac eharum�~ Sugar maple
.1 lbi::ia juli brissi,z Mimosa
-l/ et r is j an inosa Colicroot
A /is mna subeordatu nz Water plantain
.1 ,nbrosia trif Ida ** Great ragweed
.1 me/anchier arbor ea# Shadbush
-l,n ia uzthiu,n mnuscaeto.vicu,n Fly—poison
.- lmnp/zie a rpa bracteata Hog-peanut
Andropogo n I ’irginicus Broom sedge
A nemone virginiana Thimbleweed
A nren mzari a plan raginifohia Plantain-leaved everlasting
Apios americana Groumi d nut
Apocyizum andr osaemifohium Dogbane
,lra/i a race mosa Spikenard
A risaema atr orub ens Jack-in-the-pulpit
Asarum i ’irginicu?n Heartleaf
Asciepias aznp/exicau his Clasping-leaved milkweed
A. e.va/tata Poke milkweed
A. incarn ata Swamp milkweed —
A riaca Common milkweed

~1. tuberosa Butterflyweed
.1. variegara Variegated milkweed
A. n ’ertici/ la ta Whorled milkweed
Asci ’ru nz /z t -p t ’r icoides St. Andrew ’s Cross
Asimnina tri loba~~* Pawpaw —

.—4sti / b e hiternata False goatsb eard
Barharea m’u/garis Winter cress
Barton Ia pani cu/a ta Screwsteni
Ben:oin aestin ’ale Spice hush
Betula / en ta Sweet birch
B. nigra River birch
Bignonia capreo lata Cross vine
Boehmeria ct ’hindrk ’a False nettle
(‘an ipa nula divarica ta Soti them harebell
(‘ampsis radi cans Trumpet-creepe r
(‘are.v hystric ina Porcupine sedge
C’. intu,ne.sce ’n.c # # Bladder sedge

73

III ~ -.~-- -,. ------.. —--~-.-----———-- -~~ -- -.--- . - - --



( 1  i t  ‘strat a Butt le-s hia led sedge
C . s  c al ’rata Rough sedge

a ( O r / i f  W’iflix Butternutt hickory
( ‘ g/ ab ra Pignut hickory
C - /cu ’in iosa Shellbark hickory
C t’ak’~ * Shagbark hickory
C (fl’(if( l ran. ~nthes ’ee,,s~ # Pubescent shagbark hickory
C - ,‘‘a//u / a =~ Pate hickory
( ‘

~ f O 1) l ( ’f lf o S a~~~ Mockernut hickory(‘russ ia .I~iscieu!ata Part ridge—pe a
C mnanila ,zdj ca Wild senna
( ‘as tenea dcuztat a# Chestnut
C - /) 1V?1zila ~ Chinquapimi
(‘ata/p a speeio.ra Western cal a I pa(‘e /f / r  /a elig ata 1-lack berry
C oceidc’,, ta/j s# * h iackher m-v
(‘ep lzalwzt / zus oeeide,z ta/is Butt ton i hush
Cereis canadensis Redbud

- 

- 

( ‘/z inzap h i/ a mnacu/ at a Winterg re en
( ‘ic-/z un iuf lz inn -bus Chicory
( ‘irea ea quadris u/ cata F ncha miter ’s nightshade
( ‘Icuzatis n ’irginiana Virgin ’s-bower
(‘o// iuzsou ic, canade,zsj s l iorse- hial mit
(‘o,,z,nelina col,zmnunis f)ayf lower

• ( ‘on,zus a if er ,z ijo/ia iii Al ternate- lea f  dogwood
( t i ~~~~~i -~~* .

- ,, ( ri a— Flowering dogwood
( ‘orri u s americana American hazelnut
C. corn uta Beaked h azelnut(‘r af aeg u.s- sp. * Hawthorn
cr ’pr ip ediu,,i aecule Lady ’s-slipper (S harp, USDA )
Daucus earo ta Queen Amine ’s lace
Dioscorc ’a hatatas Cinnamon Vimie
I )  n ’i/Iosa W i ld v~imDIr ) sp vroS i ’irginiana# * Persimm on
l: nigero n eanadensis h- lorseweed
I: plz ila delp/ zicus Flea ha t ie
F. str igosus Daisy fleabane
l-agusgra ndifb /j a# * America n beech
/ 1  grandif olia var . caroliniana Beech
I ”r ax inzis wnericana# * White ash
l- . aineru ’ana i ar. hi/t moreana Biltmiiore ash
1-’ peuns i / t ank-a Red as h
(;aIi,ip,: apan ine# ( ~osegra~s
Gun ‘luscacia haceata Black buck leherry
Genardia laer igata False f ox g love
GilIe,, ia tnifo/j ata Bowman ‘s-r sot
Gu:a~;/z cff lzim obt us - if o/j unz I~ erl ast i ng
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~ icli ’er a p uheseens l)owm iy rat t iesna ke-plantain

Gi ’nimuu ’/ adus dit.’ica Kentucky coffee—tree
II amwne/i.s n ’irg iuiiana Witch hazel
Ilous tonsa p urp urea Large Houston ía
lit-han titus coneoio r Green violet
ilidrangea arhoreseeuzs Wild hi yd ra ngea
/,I drop / m i ‘I/u,,, mnucrop /z t ’lluun Waterlea t
1kv opaea# American holly
Ip onzoea pa ndur ata# * Wild potato-vine
J ug/ an.c ei,zert ’a# Whi i t e  wal  ii ut t

J. nigra #~ Black walnut
J uneus va/id us Rush
Juniperus n ’irginiana# * Red cedar

i n Ka/ mnia laniJ biia~ * Mountain laurel
Lath vrus venosus Veit iy pea
Lepidiunz i ’irginicu,n Peppergras .s
Lindera beuzzoin Spicebush
Liquidambar sty r a ciflua# * Sweet gum

Liriodendro mz tuiipifera# * Yellow poplar
Lohe/i .ardinalis ** Cardinal -flower
L. injiata lndian-toba~~o
L. siphilitiea Great lobelia
Ludwigia altern if b/ia Seedbox
L . pa/us tr is Water-purs lat ie
Li- o,z ia ligustnina Ma leberry
Lvsimna chia tonsa Shaved loosestrife
Magnolia acunzinata # * Cucumber tree
i~I eli/o tus a/ba W hite sweet clover
Me ’zisperznunz ca,zadense Moonseed
i~1entha piper ita Peppermint
Mimnulus a/a las Sharp-winged monkey-flower
ill, tin gens Square-stemmed monkey-flower
Moizarda clinopardia Basal balm
.1!. fistul osa Wild bergamot
.-~lonoIropa Iii -’p opith .vs Pimiesap
11. uniji ora Indian-pipe
Morus ru bra#* Red miii berry
,-V ssa s l,,atica #* Black gumil
Ocizothera biennis Coninion primrose —

~~~~
Urn hanche uniflora Onie-flowered can~~~~oot

Osmnorhiza c/a vr oni Sweet (‘iee lv
Ostr.va virginiana# * Hop horn heam
Oxalis europaea European wood-sorrel
0. grandi.r La rge wood-sorrel
Ox vdendru m arhoreutn# * So urwood

Passif lora lutea Yellow passion flower
Pa u/ow,zia tomentosa Princess-tree
Pedi cu laris canade nsis Lo usewort

-
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Pr -ut / u ‘mum sedoir/e.s Ditch stonecrup
I ’/zora de,,dro,, f l u  l’r’.c ‘en.s Mistletoe
/ ‘/ u i S  ‘ an /) iiS o/) t i/ i  jo / h is N ineha rk
P hvtolac ’ca americana ** Poke
I ’inus cc/i ,,luta#* Shortleaf pi lt e
I’. resmosa Red Pine
I) ‘ ‘ ~ *- rigzua Pitch pine
P. stro bus#~ W h ite pine
I’. taer/ a #~t Loblolly pine
I~ r irg inian a~ * Scrui b pine
P/ au, tago /a neeoiata ** English plantain
/1  - **- major Common plantain
Platimuus oeeiden ta/ is# S yea in ore
PoI t ’go miun, persicaria Lady ’s-thunib
P sagittatu,,, Arrow-leaved tearthumb
Poli ’ni,i ia canatlensis Leafcup
P. un ’c ’da / ia Large-flowered leafcup
Pop ulus c/ c ’/t oides Cottonwood
Prunus anienicana Wild pluim
P. pe rsica Pe a clt
P sc’notina~ * Wild black cherr y
P t cnan the,nun: sp. Moutm itain—n i hit
Pt- ru/aria puhera Oilnut
P i ’rus arhurijb /ia Red chokecherry
P. com,,uu,j s Pear
P. mne/ anocarp a Black chokecherry
Quenr -us aIba~ * White oak
Q. borea lis m axim a Northermi red oak
Q. r u c r i,j ea ~ * Scarlet oak
Q. ja lea ta~~ Spanish oak
Q um,ar i/a,, dica# Blackjack oak
Q mnueh/ enhergii#~ Chinq ua piti• Q. p a/ us ris Pin oak
Q. p rimzu s~ Chestnut oak
Q ru bra Southern red oak
Q ste// a ta Post oa k
Q. n e/utina#~ Black oak
Rhamnnus caro/ iniana# * Carohi iia buckt h orn
Rhexia mnariana I)eergrass or meadow-beauty
Rlzododc ’ndro,, ~‘a rawbiensis# * Cata wha rhododendron
R. ,1,axi,nu,n~~* Great rhododendron
R imudiJ ’lorum Pinxter-f lower
R . roseuni Li ri v azalea
Rims am m1:atica~ # Fragr.in t sumac
R. c opa// i, ia~ Winged sumac
1/ . glahr a# Smooth sumac
R . r adf ca,, c~s Poison-i~~R . t i ,,/ ,i,u, St.ighurn st im n~mc
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Rohi,, ia p s cudo—aeacia Bl a ek locust
R. i ’ieosu (‘lammy locust
Rosa earn/wa Carolina rose
R pa/ ustris Swamp rose
R. setigera Prairie rose
Ruhus a/ iegheui iensis * * Blackberry
R. oeeidenta/ is ** Raspberry
R. odora tus** Raspberry
R. p/ : oenieo/asius ** W ineberry
Rudhech ia hirta Black-eyed susan
Rue//ia humni/is Low ruelhia
Sabatia ang u/a ris Rose-pink
Sa/ix a/ba## White willow
S. babv/ oniea Babylonian weeping willow
S. izumilis Tall prairie willow
S. interior Sandbar willow
S. ,,igra~~ 

Black willow
• Salt-ia lt rata Lyre-leaved sage

Samnhu ens canadensis Common elderberry
Sassafras a/hidum ,z~~* Sassafras
Saur urus eernuus Lizard ‘s-tail
Si/cite stel/ata Starry campion
S. n ’irgin ica Fire pink
Si/p / i i u mmi perf o/iatum Cup—plant
Smmn i/ax g/auc a~ # Glaucoma greenbrier

4 S. rotundifo/ia ## Comii mon greenbrier
So/idag o rugosa ** Goldenrod
Sparga nium a,nerzcanum Bur-reed
Specularia p erfo/ iata Venus ’ looking-glass
Staeht ’s ridde iiii Hedge-nettle
St v/op ho rum diphy/lum Wood-poppy
Taraxacum officinale ** Dandelion
Ti/ia heter ophyi la White basswood
T. neg/ ecta Basswood
Tipu/aria discolor Cranefly orchis
Tot ‘ara z ’irginiana Knotweed
Tradt’s c -antia suhaspera Spiderwort
T. i irginiana Virginia spiderwort
Tn// m m,, er ectu,n Purple trilhiunm
Tsuga canadc’nsis * Eastern hemlock
( i,nu.s a/ata~~* Winged elm
I r i i i t t r ir  u,,a~ * American elm
1 num hra~~ 

Slippery elmii
( 

- 
tl:ro’ui’, Rock elm

J a imi iup n ctamine ’um Deerherr y

I Idi il/aiis Blueberry
I ‘erhascum hiattaria Mot hi rnul hem

- 
I/Id/ lOIS ** C’oinmiion niullein
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I r r /) ( 1/U / la.vI ula 131 t ie ye rva in
- I l l - f i t - i/  n i l  White verv a in

I crhes ina o cidemitalis Crown hea rd
I ihurnu,,, acenijoh uni Mapleleaved vihurn tim

inn/inn Sout h e m —wi Id—raisi it

I~ p nimzijoliun, Blaekhtaw
I ‘is - ia das i carpa Vetch
I ‘itis aes tii’a/ is var . arg entijblia Silverleaf grape

Ferns:

-ldiantu nz ped atum~z# Maiden hair fern
.-l sp / e mziummz p ia t.i ’neuron * Ebony spleenwort
.1 f l i t - n un, j i / iv-fenuin a~ Lady fern

- - 
- i .  p n ’enoearp on# Glade fern
-1 .  thei .tp terioides# Silvery spleenwort
Botr veh iumn n ’irg inia mz umn ~ Rattlesnake fern
(‘amnptosorus rhi:ophyllus# Walking fern
(‘ys topteris buibifera # Bulblet fern
D ennstae dt ia puncti lobu/a# Hayscented l’r~rn
Dr i oprenis izexagonopter a Board beech f ern
D. marg ina/ is# Evergreen wood fern
D not ’ehor aeonsis New York fern
D. spin uiosa# Spinulose wood fern
Li-copodi umn eonz p / an at unz Trailing evergreen
L;-godiu mn /) alf lz a tutf l# Hart ford fern
Omzo c/c a sensib iiis# Sensitive f erm i
Oph iog/ossu,n, i ’u/gatu m , tar.

p ; eonostic/uil n Adder ’s tongue fern
Osmnzozda cinnamomea# Cinnamon f e rn
o c/ a t ton ia n a ~ Interrupted fern
0. rega/is~ Royal fern
Po/t p o di ummz po/ypodi oides , var

,niehauxian urn Resurrection fern
P. r irginianum ~ Common poly pody
Poli-s t i c/ , um p z acrostic /zoides # Christ nuts ferm i
P r erid mumn aqui/inu rn # Bracken f ern
Woodsia ohtusa # Blunt-lobed woodsia
II ’oocj ward ia arr ’o/a ta Netted chain fern
The/ i-p ten s hexagonap (era Broad beech fern
T. ,zoiehoracensis New York fermi

~ Spe~ res Identif ied in ihc Hays Mountain Park . Kingsport, Tennessee.

~~Spe~ics identified in the Bays Mountai n Park and I-I AAP , King s pis rt . Tennessee .
Speci cs identi fi ed by the Wild flo wer Club and listed in the l-~•r est Management Plan fo r IIAA P.

~~ Sp~-~Icc hsie d in the Fore st Management Pla n for IIAA P.
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APPENDIX (‘

DESCRIPTION OF WOODLAND SUITABILITY GROUPS

A woodland suitability group consists of soils that have similar tree growth rates and woodland
management problems Hazards and limitations that are especially im portant in management for the
production of wood crops are described for each suitability group Tree growth, rate is express ed as
site index w hich is the average height of the dominant and codominant trees in well-stocked.
ttnmamiaged stands at a giveti age Generally a soil will have a higher site index on the lower part of a
slope in comparison to the upper part, and northern and eastern exposures of slopes in hihl~ land
compa red to southern and western exposure s

The woodland suitability groups (WSG ) are described below

WS( -2o7. Loamy soils with high potential productivity; no serious management
problems; su~itab le for southern hardwoods and pines

W SG-2w8. Seasonally wet soils with high potential productivity; moderate equip-
ment limitations and slight-to-moderate seedling mortality; sunitable for southern hiardwood~am id or pines

WSG-2w9. Excessively wet soils with high potential productivity; severe equlipnient
limitations and moderate-to-seve re seed ling mortality; suitable for water-tolerant hardwoods or
pities.

WSG-3c2. Clayey soils with moderately high productivity; moderate equipment
limitations and slight-to-moderate seedling mortal ity; best suited for southern pines.

W SG-3c8. Cherty soils , low in natural fertility; clay restricts upper level of soils.
more than one management problem; suitable for either needleleaf or broadleaf trees.

WSG-3 f8. Fragmental soils, with moderately high produictivity; shigh t-to- mnoderat e
erosion hazard and equipment restrictions ami d moderate seedlimig morta lity: suitable for
needleleaf and/o r broadleaf trees.

W SG-3o2. Soils with nioderately high productivity; no serious nianagement restric-
tions; suitable for needleleaf trees.

WSG-3o7, Soils with moderately high productivity : no serious niariagernent
problems; suitable for sout hern hardwoods ami d/o r pities

W SG-3r8. Loamy soils on steep slopes wit h moderately high product iv it ~moderat e erosion hazard and equipment limitations; suitable for needleleaf amid/or broadleaf ’
trees

WSG-3w8 Seasonally wet soils with moderately high prod uct ivtty ; moderate equip-
ment limitations and slight-to-moderate seedling morta lit~ suitable lor needle leaf and or
broadlea f trees.
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WS G— 3x8. Stoney or rocky soils w ithi moderately h igh productivity ; slight-to-
moderate erosion hazard and moderate equ ipment restrictions; suitable for needleleaf and/or
broadleaf trees.

WSG-4c3e, Severely eroded soils with moderate productivity; moderate-to-severe
erosion h azard , equipment restrictions , and seedling mortality : best suited for needleleaf trees.

WSG-4d3. Moderate depth to shale; woodland restriction becautse of shallow root
dept h : severe managem-nent problemiis; best suited for needleleaf trees.

WSG-4x3. Rocky soils with moderate productivity; slight-to-moderate erosion
h azard ; moderate-to-severe equipment restrict ions and seedling mortality; best suited for needleleaf
trees.

WSG-5x3. Rocky soils with low productivity; slight-to-moderate erosion hazard~moderate-to-severe seed ling mortality and equipment restrictions; best suited for needleleaf trees.

I
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l)ISTRIBUTION LIST I-OR AR(’SL-TR-77(t 53

N.1 I I K S  (‘opies Name s (
~

l iii \ t I ( A L s\’stI- Ms LAB ORA 1 ORY IlQI)A (sGKt)-I- UI-I )
A im LT(’ (‘harks I)c t to r

(it I- 1(1 01- rut t ) IRI-( iOR WAS h IX, 20314
A t t n  I)RI)AR -C LG I

S- ’sI ITY Ol l ICE US ARMY I l t - AL l i t  SERVICE rnM MAND

~tt i l  1)Rl)AR-(’ L l- I
I’I -SNS & PROGRAMS 01- i-I ( ’I- (‘om man der

Ai m . DRI)AR -(’ LR I US Army Environmental h y g iene A gency
At m : l l S lI -AA -L , Librar ian , Bldg 2100

AL IFIlO R’ S COPIES: i-nvironmental Technology Ann: USE-AA -I- : 2
l)ivision. Att is : I)Rl)AR’CLE-E 30 APC’l-~ gcwoo d Area

BIOM EDICAL LABORATORY Sup erintendent
At tn :  t ) Rt )AR ’CLL I Academy of l ica ith Sc ien ces

US Army
CR DETECTION & ALARMS DtVIStON At m : USA-CUC

A t t n .  DRt)AR -CLC-C 1 At m : HSA-IIIF
l o rt Sam h ou st on . rx 78234

t ) I-V 1 10PM I-I NTA L SUPPORT t )IVISION
Attn: DRt)A R-CLJ- l 4 Commander
Attn:  DRDAR-CLJ -M t US Army Institute of Surg ica i Research

Brook Army Medical Cente r
I- NVIRONMENTAL TECHNOLOGY I)IVISION Fort Sans Houston , TX 78234

Au n :  DRDAR-CLT-E
US ARMY MAT I-RIEL DEVELOPMI-;NT AND

MUNITIONS t )IVISION READINESS COMMAND
At m : DROAR-CLN I

Comman der
PHYSICAL PROTECTION DtVISION US Army Mai~r ieI Develop m ent and

A t t n :  DRDAR-CLW I Readiness Command
Attn :  DRCSF

RESEARCH DtVISION At tn :  DRCRD-WH
Attn:  DRDAR-CLB I A t m : DRCRI)

A im : DRCRI)’FS
DEPARTMENT OF DEFENSE At m:  I)RCIS-Mt )

At tn :  DRCPA-E
Admin istrator At tn : DRCRO-I
Defens e Doc umentation Center 50t) l Eisenhower A~c

At m : Access ions Division 12 Alexandria , VA 22333
( amu er o n Stat ion
Ale x an dria. VA 223 14 ( ommander

US Army Foreign Science & Technology Center
t ) ire c tor A t tn  DRXST-lSl 2
Defen se Intet li gen ee Agency 220 Seventh Si.. NE

At m : DR-4 1;l 1 Charlottesville , VA 22901
W as hington . IX’ 20301

Project Manager fo r Chc nmicai Dem ilitarization
t)FPARrMI- :Nr ol THE ARMY and Installation Restoration

Ai m : l)RCPM-t )R , Bldg t -4 585
IIQI)A (DAMO-SSC ) I APG’Edgewood Area
WAS h DC 203 10

Redstone Scientifi c Information ( e n t e r
oI l~I(i OF TIlE SURGEON GENERAL A i tn :  Chief. t )o cu men ts

US Army Missile Command
Commander Redstone Arsena l , AL 35809
us  Army Medical lti ocngi neering Research &

t )es et opm ent Laboratory (‘,~nsmander
Ai m : SGRD-UBC I ItS Arm y Science & Technology
At tn :  LTC L. Reuter I Ct’nlcr ’I it Fast Ofilce

I-on Det ri c k . Bldg 568 APO San 1-rancisco 96328
I rederi c k, Mt) 2171) 1
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I l l -V I l  Ut’Ml N I (‘OMMANI) Naval Facilit ies Fngine erim ig Com m and

At t n :  Code (13
( ouuimui. i i i d~ r 200 Sto v a hl St rce i
I S  - Iniut \rnij meni Res earch and Alex andria , VA 22332

t ies h u h  Imen i Co mmimn a nd
A t t n .  I) RSAR-AS 1 I (‘ons ns -andcr
\ u t n :  I) RSAR-A SN I Naval Ordnanc e S~ stems Command

- \m t us :  l)RSAR-ISE 2 A t t n :  ORD4(31)
lNuse r. N) 0781)1 Was hington. I)C 2036(1

(‘ o u nmmi ,u n dcr Chief, Bureau of Medicine & Surgery
Roc ky Mountain Arsenal Department of the Navy

Ann: SA RRM-MI ) I Ai m : CODE 5

l)env er. CO 8t )240 Was h ington . DC 2(1372

t onimn an der (on m nsan der
Pine B luff Arsenal Nasal Ai r Systems Command

A t tn :  SARP B-I -TA I At m : Cod e A IR-350E
Pine Bluff . AR 7 1 6 1 1  At tn :  Code A IR -5323 l B

Was hington . DC 20361
( ouiiiui an der
I r~ink fo rd Arsenal l) l -PARTM I- NT Oh- THI- AIR FORCE

At m : SARFA-T4200 I
-~I t n :  Library Branch . TSP-L 2 110 Foreign Technology Division (AFSC)

Bldg 5 1- 2  At tn : PI)RR
Pim i i, id e !p im ia , PA 19 137 Wright-Patterson Al - B. OH 45433

E S  A RMY TEST & EVALUATION COMMAND 110. USAF/SGPR
Forrestal Bldg

Record Copy WASH DC 203 14
CUR . APt;

A t tn:  STEAP-AD -R /RHA 1 Director
APC-Fdgewood Area. Bldg ES 179 Air Force Inspection and Safety Center

A tt n: IGD(AFI5C /sEv)
CDR . APG Norton AFB . (A  92409

A ttn:  STEAP-TL I
-I~~;.A berd cen Area Commander

Arma meni Development & Test Center
Commander Attn:  DWSL (Technica l Library)
CS Army Tropic Test Center Egiin AFB . FL 32542

At tn :  STETC-M0-A (Tech Library)
-IPO Ncsv York 09827 OUTSIDE AGENCIES

Commander Director of Toxicology
t )ugway Proving Ground National Research Council

Attn: STFDP-PO I 2101 Con s titu m ion A se NW
l)ur ~~.iv UT 84022 Was hington . l)C 204 18

Commander US Public Health Service
t S  Arm y Test & Evaluat ion Co nunand Roo m I 7A46 (CVI’ Oshcr off) 2

At tn :  IJRSTE.LG I 5600 Fishers Lane
A t tn:  t )RSTE.ME I Rockvi hle , MD 20857
Attn 1)RSTI- .NH 2 ADDITIONAL ADDRESSEES

-~P(;-Aherde c n Area
Commander

III- PAR I MI-NT OF Tilt - NAV Y USDRC Installations & Services Agency
- Afl n: DRCIS-Rl-IUChuel of Naval Research Rock Island, IL 61 201Attn:  Code 443 1

80() N Quincy Street
Artmn g ton , VA 22 2 17
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I)I STRIIIUT ION LIST FOR ARCSL ; rR-77o5 3 (Con id )

Names Copies Names Copies

Env ironmental Prote ction A gency
US Army M~terie1 lkvetopnm en & A t tn :  Mr Harry Ike

Readiness Com mim and 2(1 Federal Plaza/ Rmn 837
Munition Prod uction Base, Modernization & Expansion New York , NY 1 0007

At m : DRCPM PB M’EC/Proj ect Manager
At t n:  DRCPM’PBM.EB/Mr A. Selman I Environmental Protection Agency

Dover , NJ 07801 A n n: Mr Ben Lacey
Curtis Building . 2d floor

(‘ort irici r ider 6th and Walnut St s
DA-I)CSLOG Philadelphia . PA I91t )6

At t n :  DA LO-AMP

~%as ti i msg t o n . DC 20310 Envi ron m ental Protection Agency
A nn: Mr Arthur Linton

Department of the Army 142 1 Peachtree Street . NE
Allis : DAEN-ZCE I At l~nt .i , GA 30309

Washin gton . DC 20310
Environmental Protection Agency

Con insander Attn: Mr. Don A Wal lgren
US Army Construction Eng ineering 1 North Wicker Drive

Research Laboratory Chicago , IL 0606
At m : CERL- ER I

Champaign, IL 61820 Env ironmental Protection Agency
Attn: Mr Jam es Highland

Off ice of Chief of Engineers 1600 Patterson Stree t
At m : DAFN-MCZ-E 2 Dallas , TX 7520 1

Wis hing mo n . DC 20314
Environmental Protect io n Agency

Distr ict Engineer I Ann: Mr Robert Koke (RM 249)
US Army Corps of Engineers 1735 Baltimore Street
6014 US P0 & Courthouse Kansas City, MO 64108
2 15 N t lth Street
Omaha , NB 68102 Env ironmental Protection Agency

Attn: Mr Keith Synder
t ) is t nicm Engineer Lincoln Tower Suite 900
US Army Corps of Engineers 1860 Lincoln Street

A un: HNDED.M i Denver , (‘0 80203
A Un: HNDED-FC 1

P0 Box 1600 West Station Env ironn ientul Protection Agency
h untsv ille , AL 35807 Attn: Mr Irving Terzich

100 California Street
Commander S~n Francisco , CA 94 111
Ho ls ton Army Ammunition Plant

At m : SARHO.E 
~ 

Army Log istics Management Center
t’ ingsport . TN 47662 Environmental Management

Attn: LCDR/J.C. Bolander
Con imander Fort Lee , VA 2380 1
Milan Army Ammuniti on Plant

A t tn : SARMI.S I US Army Eng ineer Wahe rways
Milan, TN 383 58 Exp en iment at Statio n

Environmental Systems Division
Commander P0 Box 63 1
Newport Army Ammuni tion Plant Vic ks burg, MI 39180

At t n: SARNE.S
Newport , IN 47966 Director

Center for Environmental Studie s
Commander Virginia Polytechnic Institute &
Radfo nd Army Ammu nition Plant State Univer s ity

A Un: SARRA- IF I Rlac kshurg , VA 24061
Radfo rd, VA 24 14 1

Commander Commander
Sunf lower Army Ammunition Plant Volu nteer Arm y Ammunition Plant

At m : SARSU.0 I At tn :  SA RVO-l
Lawrence , KS 66044 Ch am t .i noog a . TN 374 1) 1
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