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Y

AESTRACT

A water quality engineering study was conducted 2~1Q August 1976 to
characterize wastes i1n both the industrial waste sumps and the industrial
waste pond to ascertain 1f the supernatant could be discharged directly to
the surface drainage or would require treatment. The concentrations of
barium, lead, total nitrogen and solids, the lack of mixing and the
continuing chemical activity of the supernatant preclude 1ts discharge to
surface drainage. Findings, conclusions and recommendations cover operations
at sumps and equipment cleanup areas. The analytical results and the visual
review of surface water drainage throughout the installation indicate that
present liquid waste management practices have no adverse effects upon the
aquatic biota.
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) DEPARTMENT OF THE ARMY
U.S. ARMY ENVIRONMENTAL HYGIENE AGENCY
ABERDEEN PROVING GROUND. MARYLAND 21010

HSE-EW/ WP

WATER QUALITY SPECIAL STUDY NO. 24-0586-77
LONGHORN ARMY AMMUNITION PLANT
MARSHALL, TEXAS
2 - 1D AUGUST 1976

1. AUTHORITY.
a. AR 40-5, Health and Enviromment, 25 September 1974,

b. AR 200-1, Environmental Protection and Enhancement, 7 Decewber 1973
with two changes.

c. letter, DRSAR-ISE, US Army Armament Command, 18 Fehruary 1976,
subject: USAEHA Mission Services FY 77, ARMCOM Environmental Enpineering
Requirements.

REFERFENCE. USAFHA Water Quality Fnpineering Special Study No.
4-014-72/73, Longhorn Army Ammunition Plant, Marshall, Texas, 3-19 Apral
972 (S December 1972).

— 12 19
.

3. PURPOSE.

a. This study was conducted at the request of ARMCOM (now ARRCOH)
{(Authority lc). As consideration 1s heing given to the discharre of the
settled supernatant from an industrial waste evaporation basin to the surface

~ drainage, the characterization of the waste 1s essential to determine extent

of treatment required to meet NPDES permit requirements,

b. Specific objectives developed during the entrance interview and tour
of operations were:

(1) Characterization of liquid and settled sludge in the 1ndustrial
waste pond.

(2) Characterization of liquid and settled sludges in sumps associated
with manufacturing operations which are collected and discharged to the
industrial waste pond.

(3) Review of water consumption.

¢. Limitation. A previous study performed 3-19 April 1972 (reference 2)
provided comprehensive coverage of waste discharges from the water treatrent
plant, sanitary sewage treatment plant, power plant, and laundry. As the
recommendations drawn upon the findings made in this previous report are
being augmented under MCA projects, repetition of past coverage was not
deemed pertinent or necessary. Coverage of this study may be considered a
supplement to areas not covered in reference 2.
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4. GENERAL.

a. Acknowledgements. The excellent cooperation received from both Us

wvovernmnent and [hiokol Chemical Company personnel was appreciated duriay tnis
study.

0. Personnel Contacted,

LIC Paul L. Greenberg, Comnmanding Ufficer

tlAJ Charles R. Carson, Executive Officer

dr. bon daley, Chief EZngineer, US Army

Jdr. Robbie L. Wilson, Uperations Review Ufficer, US Army

dr. David T, Rayner, Facilities Ueslgn Supervisor, Tniokol Chemical
coupany

ar. Herwan Krackenberger, Quality Assurance Supervisor, Thiokol Cuenical
Coinpany

dr. €. W. Ford, Transportation, Thiokol Chemical Company

dr. iax dorgan, Chemist, Thiokol Chemical Company

¢. Avboreviations and vefinitions. A glossary of techinical terias and

units, along with other appropriate abbreviations, is available in Appendix
A. Abbreviations and units in this report are included therein.

d. Background.

(1) General. LAAP is GOCO installation under the jurisdiction of
ARRCU.i.  Iniokol Chemical Corporation is the contractor operator of the
plant.. The installation's primary missions are the load, assembly and pack
of pyrotechnic signals and the loading of rocket moters,

(2) Geography and Receiving Streams. LAAP is located 16 miles northeast
of Hdarshall, Texas, on the southwest shore of Caddo Lake, a shallow lake with
a surface area of approximately 4U,000 acres (16,200 na). LAAP's 3,523 acres
(3452 na) are drained toward Caddo Lake by tiree major streams (see rFigure).
Ihe southern part of the installation is drained by ilarrison Bayou, which
originates off tne installation and flows in a northeasterly direction.
Oischarges to tnis bayou consist of storm runoff. The northern and central
areas of tne installation are drained by two unnamed bayous. These will be
referred to in this report as Northern and Central Bayou, respectively.
Ceatral Bayou originates on the installation as two branches flowiag through
tne magazine area in a northeasterly direction, combining before draining
iato Caddo Lake. Discharges to the bayou consist of storm runoff and thus
the bayou flows intermittently. wWorthern Bayou also originates on the
installation initially flowing in an easterly and then northeasterly
direction. Upon completion of :CA projects, presently under coastruction,
this bayou will receive the plant's major discharges. These include once
through cooling waters and tne discharge from the sanitary sewage treatment
plant,
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.(3) Terrestr%al Veqetation., Terrestrial vegetation includes deciduous and
coniferous trees in.wooded areas and lush dense grass elsewhere.

(4) Soils. Soils may be characterized as consolidated mixtures of sand,
silt, and clay with very low permeability as demonstrated by tests performed
on soils at LAAP. Grain size distribution was 46 to 48 percent sand, 35 to
36 percent silt, and 16 to 19 percent clay. On two samples the permeability
ranged between 6 X 1072 and 1 X 1076 cm/sec. These quaternary deposits
ranged from 5.0 ft to 25.0 ft in depth., The low permeability of the soils
was further demonstrated by the ponding of waters from cooling water
discharges, ponding of dried up streams, and the existence of Caddo Lake.
Wwhile the general region is reported to serve as the region of surface water
recharging to the Cypress Aquifer through the outcropping of more permeable
soils, no such areas were encountered on the installation.

(5) Population. The predicted population of LAAP at mobilization levels
of operation is 4779. The present population level is 67Y persons. As no
housing is provided on the installation, population levels represent the work
force. The septic tank fields serve approximately 12 percent of the working
force and the sanitary sewage treatment plant serves the balance.

(6) Plant Operation: The plant's operations fluctuate directly with the
demand for pyrotechnic ammunition and rocket motors. At the time of the
study, the plant was basically operating on a one shift, 8-hour workday,
5-day workweek schedule, Certain operatiops, however, utilize partial night
shifts to maintain necessary support and production continuity.

e. Industrial Waste Sumps. Since most production operations consist of
component assembly, rather than manufacturing, only small volumes of
production related wastewaters are generated, primarily by housekeeping
practices. These wastewaters are considered contaminated by explosives or
illuminants and are discharged to sumps, where particulates are allowed to
settle out. These sumps are pumped out into tank trucks periodically, and

transported to an evaporating pond located at the explosive burning grounds.
There are approximately 150 sumps.

f. Industrial Waste Pond. An industrial waste pond is used to contain
solids and liquid wastes from the industrial waste sumps. Liquid and solid
wastes from the rocket motor washout facility immediately to the north are
also discharged to this pond. The pond is approximately 300 ft X 300 ft X 14
ft deep (91.44 m X 91.44 m X 4.27 m) covering two acres (0.81 ha).

g. MWater Supply and Treatment.

(1) Source. LAAP obtains its water from the Black Cypress Bayou (see
Figure) which connects Lake of the Pines with Caddo Lake. The raw water is
pumped from the bayou through a screened intake into a 2.8 MG (10,598 m3)

4
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capacity storage tank located ad jacent to tne wIP. The large pumping
capacity [2- 7,800 gpm (29.52 w3 per second), 1- 2,000 gpm (7.57 m® per
minute) ] was originally installed to meet the requirements for TNT
manufacture. LAAP no longer manufactures INT and all tue related facilities
nave been moved from the installation. Flow measurements are determined oy
tining pump operation.

(2) Potable water Ireatment. From the 2.3 MG (13,593 3) tank, the raw
water flows by gravity tnrough a wmixing chamber (wnere lime, alum, and
chlorine are added) into one of two upflow clarifiers, wiich are used
alternately. TIhe water tien flows through rapid sand filters into the
375,J9d gallon (l&1y ma) capacity clear well, where it is pumped into the
distrioution system. Sodium hexametaphospinate is added wanually at the sand
filters for corrosion control. Aafter filtration, the water is chlorinated to
walatala a v.5 mg/l total chlorine residual in the system, and lime is added
for pid control. 1Ihe plant has a 2.3 .icn (3,706 3 per day) capacity. rlow
seasurements are computed by tiwmiag pump operations. [ue potable water
source supplies drinkiag, fire, cooling and wash down waters.

(3) fFire water. VrFire water is raw water pumped from the 2.5 3 (10,593
m”) tank. Flov measurements are computed oy difference of raw and treated
~aters. [nis water serves as the principal source for fire and coolinz.

0. Precipitation. LIne average annual rainfall is 45 in (114.3 cm), the
wmean anaual lake evaporation is 54 in (137.2 cnm) and the average annual
runoff is 15 in (33.1 cm).

3. PRUVZIOURLS.

3. Sawmpling. OGrab sampling was used exclusively. The fact that wastes
in tne sumps and pond represented collections over long periods, from a week
to years, negated tne requirement for time or flow composited sampling.
Liqulds were dipped from tihe top 12 ia (30.43 em). At the industrial waste
pond tnree grab samples were collected along tihe diagonal and combined to
form a single composite saample. Taree composite samples were collected in
tiris manner., sSediments were collected using a 1-1/2 in (3.31 cm) diameter
plastic pipe which was inserted into tne bottom sediments and withdrawn as
witn a pipette.

b. sSampling Points. The locations of sample points are indicated on the
rizure of tne map of the installation. Tae sample numper, type and
description of the location are provided in lable 1, Appendix 3.

c. andling of Sawples. 3Samples were divided and preserved py USAZHA
personnel in accordance with tne following schedule:
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(1) Metals were preserved with 1.5 to 2.0 ml nitric acid per 8 oz (237
ml) bottle resulting in pH 2 or less.

(2) Nutrients and TOC were preserved with 0.2 ml sul furic acid per 8 oz
(237 ml) bottle.

(3) Phenols were preserved with phosphoric acid and copper sulfate to pH
3.0 or less. ’

(4) General analyses samples were not preserved.

(5) 0il and grease were preserved with 1 ml sul furic acid resulting in
pH 2 or less.

Samples were packed by USAEHA personnel for shipment to USAEHA for analysis.,
LAAP personnel handled shipment of samples.

d. Analyses. The parameters for analysis were chosen from a review of
compounds used in the manufacture of military pyrotechnics, installation
purchase orders, USEPA NPDES permits and key plant personnel assessments.
The analyses were performed at the USAEHA by Agency personnel in accordance
with the precedures indicated in Table 2, Appendix B,

6. FINDINGS.

a. General. No aluminum, cobalt, titanium, tungsten or zirconium were
found in detectable amounts in any liquid wastes, streams or raw water. The
pH of liquid samples changed for many samples between the time they were
collected and the time of analysis at this Agency as noted in Table 3,
Appendix B. A change in more than one PH unit indicates a lack of chemical
stability of the waste and is so noted in the table,

b. Industrial Waste Sumps.

(1) Analytical Results. The analytical results for the liquid
supernatants from the sumps at production buildings are provided in Table 4,
Appendix B, with a summary of high, low and average values provided in Table
5, Appendix B. The analytical results for sediments are provided in Table 6,
Appendix B, While the range in parameters for the 10 sumps sampled is broad
with concentrations frequently below the detectable limit, in every instance
there are one or more parameters which preclude the free discharge to surface
drainage. The sediments are rich in all parameters tested with the exception
of mercury for which all analyses were below the detectable limit, Wile the
concentration is relatively high in the supernatant for sample 10, none was
found in the sediment.
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(2) Observations.

(a) General. At the time of the study the installation was eXperlencing
mechanical problems with the pump on the tank truck used to collect
supernatant liquids and sediments from the sumps. Within a week the pump was
repaired and routine pumping recommenced. If a problem exists with the
Present routine, it lies in the coverage of inactive areas where slow leaks
and storm runoff fill up the sumps. The installation does not maintain a
list of all sumps nor records on inspection or dates ecach is pumped. The
findings at sumps illustrates the need for extending the present routine of
pumping sumps at active production sites ro inspection of inactive sites and
all sites after a rainfall.

(b) SP 05. The covered sump was full. Mosquito larvae were observed
living in the supernatant. The sediment collected from the sump could not be
safely shipped to the Agency because it was producing gas. Within a few
hours the plastic cube container containing the sample had expanded to a
point of bursting. Hydrochloric acid was added to a portion of the sample to
drive the reaction to completion requiring twice the volume of acid to the
volume of sludge. As time did not permit treatment of the entire sample, the
sample was discarded. The covers to the sump did not have a vent to allow
the discharge of gases generated from the reaction of waste ingredients.

(c) SP 06. The covered sump was full. A skim of oil was observed on
the sediment sample.

(d) SP 07. The covered sump was full. No oil was observed.

(e) SP 08. The sump had no cover and was nearly empty. No sediment was
found. While the sump was nearly empty the analyses indicated a strong
industrial waste.

(f) SP 09. The sump had no cover, was almost empty and contained no
solids. The COD, barium and chromium concentrations were appreciable.

(g) SP 10. The sump had no cover and was almost empty. Both the
supernatant and sediment were strong industrial wastes. The magnesium
content was the highest of any sump sediment analyzed.

(h) SP ll. The covered sump was full. Some o0il and grease were
observed on the surface. A frog was observed living in the sump. A trichlor
odor was noticed while collecting samples.

(i) SP 12. The sump was either overflowing from waste discharges or
surface drainage was flooding the sump. The sediment had an organic decay
odor. The wood cover was covered with sod. Minnows were observed living in
pooled water. With a pH 6.0 and a relatively weak wastewater, the waters
might be expected to support life. However, the change in pH during shipment
of the sample indicates that the sump wastes are not stable.
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(j) sSpP 13. As tne wood cover was jammed from swelling caused in part by

a heavy layer of vegetation, it was not possible to remove it. Consequently
no samples were collected.

(k) 3¢ 14, The sump had no cover and was half full of a 50-50 mixture
of supernatant and sediment. while tne supernatant did not carry tie nornal
array of metals and was relatively stable, it did contain nizh concentrations
of CUV, NU2/0dU3-N and barium. [he sediment sample collected could not be
siipped for tie same reason as sample U3, |{see paragrapn 0p(2)(b)].

(€) sp P=l. [ne uncovered sump was full. Tne effluent bypass pipe was
plugged preventing the 12 inch (3.5 cm) head of supernatant from discharging
to tne surface drainage. Jutside of [D3 and low pd the supernatant was
relatively weak. [Ine sludge was a prigint red with a low solids content.

(3) wvitches. wvitches were inspected downstream of all sumps. In all
cases lush vegetative growth of a wide variety of plants grew in and along
thew., Wnere ditches carried water, a variety of alzae, plants, fish and
invertebrate insect life were prevalent.

c. Drainage.

(1) Burning Ground. VUrainage from the burning ground was collected from
stagnant pools along tihe main drainage ditch to ascertain the extent of
potential pollution from this area. lhe analytical results provided in Table
7, Appendix 8, indicate a barium concentration as the only parameter of
potential conceru. A&s parium would be diluted in general runoff to well
pelow 1.U mg/l which is a recognized standard for the States of Illinois and
Virginia, (no lexas Standard), -there is no indication of a problem area.

(2) pot Cleanup Area. Several cleanup areas were observed where pots
and vessels, used in conveying and mixing various substances, are cleaned by
flusning in open areas. Tne flushings are then discharged directly to
surface drainage ditcnes. [ne analytical results for sample 28, Table 7,
Appendix 8, collected from one operating location indicate a very acid waste
witn nigh TsSS. wnile the COD is not hign, 60 mg/l, the theoretical COD based
upon the [UC value is only 13, f(he difference between measured and computed
values can ve inorganic oxygen demand. ilowever, the source or cause of the
difference is not apparent from the analysis, As there is little difference
in tne source of these discharges from those collected in tne industrial
sumps, tnhe array of parameters during cleaning operations and likely their
concentrations would be very similar. As such, these discharges do constitute
an iadustrial waste wnich should be collected and contained in a sump and
similarly disposed of.
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d. Industrial Waste Pond.

(1) Supernatant.

(a) The analytical results for the industrial waste pond supernatant are
provided in Table 8, Appendix B. The supernatant has three characteristics
which prevent its discharge to surface drainage--high concentrations of
substances, lack of mixing and continuing chemical activity.

(b) The concentrations of TS and TDS are high as are total nitrogen,
chloride, strontium and barium. The average TOC correlates very closely with
COD, 46.3 mg/l for a theoretical COD based on TOC as against 45 mg/l for
measured COD. This indicates there is no inorganic oxygen demand. VWiile the
average lead concentration (0.09 mg/l) is within the range of established
State water quality standards, 0.05 mg/l for Virginia and 0.1 mg/l for
Illinois (Texas has no standard), the single high value (0.27 mg/l) would be
reason to prevent discharge to surface streams.

(c) wile the concentrations of most parameters are well within a 10
percent analytical variation, the ranges of iron, lead, tin and zinc indicate
that complete mixing is not accomplished and as a result chemical reactions
with bottom sediments can be expected. It would be difficult if not
impossible to say where stabilization of supernatant occurs such that the
supernatant could be safely drawn off.

(d) There is a complex array of chemical reactions occurring among
supernatant parameters which result in precipitation of some parameters and
between the supernatant and sediments which solubilize others. The
concentration of zinc in sump supernatant samples ranged between 0.112 and
2.12 mg/1l, while in the pond supernatant, the range fell to between 0.036 and
0.067 mg/l. Similar reductions are seen for chromium, iron, manganese and
silicon. The observed gaseous erruptions in the vicinity of the truck
dumping station can be attributed to hydrogen from the reaction of magnesium
metal with a slightly acid supernatant. The generation of hydrogen,
associated with the storage of moist magnesium, is a recognized hazard by
Thiokol .Chemical Corporation personnel. The lack of chemical stability is
further demonstrated with a drop in pH from 6.5 to 4.1 during storage and
transport of the supernatant samples (see Table 3, Appendix B).

(e) The lack of normal plant and animal life in the pond attests to the
toxicity of the wastes. No plant life was observed in the pond. Wile
turtles were observed swimming in the pond, the carcasses of two turtles were
found at the edge of the pond. Turtles are extremely mobile and their
occurrence in such a limited enviromnment can not be construed as a lack of
toxicity. They can and apparently do survive in such ponds primarily because
they breathe air and do not ingest large quantities of the pond contents
relative to their body weight.
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(2) Sediments. The analytical results of industrial waste pond
sediments are provided in Table 9, Appendix B. The variations in parameter
concentrations are much greater than with the pond supernatant. The point
Gl8 which was furthest from the influent point has the lowest concentrations
of parameters and percent solids. In general, the higher concentration of
parameters occurs in the vicinity of the influent., The increase in solids
from 2.75 percent for sump sediments to 12.05 percent for pond sediments
indicates that sediments are being concentrated in the pond.

(3) Evaporation. The need for considering discharge of the supernatant
i1s appreciated for the net evaporation is only 9 in per year. The gross
evaporation of 54 in less 45 in per year rainfall leaves only 9 in
evaporation.

e. Receiving Waters.

(1) General. The characteristics of receiving waters are presented in
Table 10, Appendix B, along with controls from Caddo Lake and the raw and
treated tap water. The raw water drawn from Black Cypress Bayou, when
treated, increases in TS and TDS from the addition of lime and alum.
Comparisons of raw and treated waters analyzed under the drinking water
surveillance program indicated that there was no change in water
characteristics other than slight increases in TD, TDS, calcium and sulfates
in the treated waters.

(2) North Bayou. The increases in parameters in the North Bayou over
the treated water supply are slight and are traceable to discharges of boiler
blowdown, water softening operations, water treatment plant sludge and filter
backwashes and sewage treatment plant effluent. Completion of projects
presently under construction to improve the treatment of these waste waters
will bring the concentrations of parameters down to a point which will make
the waters in the North Bayou indiscernible from the control waters. At the
present time the concentrations of metals are generally below those of
Harrison Bayou as it flows onto the installation. The abundant diverse plant
1i1fe along the bayou and the fish observed in pooled streches attest to the
quality of North Bayou waters.

(3) Central Bayou. The quality of water discharging to Caddo Lake is as
good or better than the controls. This bayou drains the area where extensive
use 1s made of septic tanks with filter beds for the treatment of sanitary
sewage. The pH stability and low metals confirm observations that no
industrial wastes are being discharged to this ditch.

(4) Harrison Bayou, With the exception of conductivity, TS, TDS, COD,
TP, chloride, iron and silicon, the quality of the waters in Harrison Bayou
is as good or better as they leave the installation than when they enter 1it,
A comparison of sample 26 with the controls indicates no significant or
adverse effects from the drainage from the burning ground area. An abundant
variety of animal and plant life prevails everywhere along this bayou.

10
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f. Water Consumption. water production is measured by timiag pump
operations. The flow meters provided were designed to measure the quantities
used in support of TWT production, something in the order of 30 MGD. The
present consumption rate lies below the minimum measurable limits of the
meters. The average daily recorded water pumped is:

Fire water 99 IGD
Potable 504 TGD
fotal bpaily 603 TGD

Applyinyg average loading factors the accountable water usage 1s as follows:

vovernment and Thiokol Personnel

679 workers X 3U gped/1U00 = 20.4 TGD
vonstruction Workers
49 workers X 3V gpcd/lOuy = 1.5 Ied
stemm 3280 gallons er soncn .
Boiler Plant Blowdowns
30U GPH X 12 Hours/luvu = 3.6 TGD
Backwash to Filters at Water lreatment Plant
30 sallons per zon
’roduction wash Down to Sumps = 10 TGD
fotal Accountable wWater Used = 156.5 IGD

[ne unaccountable water is by difference:

Punped 603 TGD
Accountable léé IGD
Unaccountable 447 G

fne sanitary sewage averaged 4u [GU according to the plant operator.

Assumiag 7J percent of water pumped reaches the plant, the water consumed for
personnel, shops and power house blowdown should approach 40 TGD/0,70 or 57,1
LGD. Tne estimated sum of personnel use (21,9 TGD) and the boiler plant
plowdown (3.6 TGD) is 25.5 IGD which indicates a higher percapita usage than

11
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assumed or unidentified uses. VWiile water used for compressor cooling, air
conditioning, car washing, wash down, cafeterias, and leaks is not included,
it is difficult to imagine values which would account for 447 TGD. The lack

of flow meters throughout the System prevents any accurate estimation or
control of uses or losses.

7. CONCLUSIONS.

a. The present sump pumping program does not include periodic inspection
of inactive sites or inspection of all sites after a rainfall.

b. Accessibility to sumps is limited by poor maintenance of covers.

c. The covers to sumps are not designed to prevent the collection of
hydrogen or other gases produced by the chemical reaction of sump contents,

d. Ditches and receiving streams have not been damaged by any possible
inadvertant sump overflow or drainage from pot cleaning or burning ground
activity [see paragraph 6b(3) and 6e].

e. The high concentrations of barium, total nitrogen, lead and total
solids render the quality of the industrial waste pond supernatant
unsatisfactory for discharge to streams.

f. The contents of the pond are chemically active with no apparant point
where waste supernatant is sufficiently stabilized to permit discharge to

streams,

g. The Industrial Waste Pond functions to precipitate suspended and
dissolved solids and concentrate sediments from sump wastes.,

h. Waste discharges from pot and vessel cleaning operations are not
collected, contained or treated as sump wastes,

1. The lack of a wide diversity of biological life in the Industrial
Waste Pond is indicative of the toxicity of its contents.

j» There is no indication the waters of the North, Central or Harrison
Bayous are or have been adversely affected by production activities.

k. No operable flow measurement equipment is provided on treated or fire
water lines.

l. Water consumption is higher than can be justified by rough estimates.

12
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8. RECOMMENDATIONS.

a. Treat Industrial Waste Pond supernatant to remove waste parameters
before discharing to the streams, see paragraph 6d.

b. Extend sump pumping program to periodic inspection and pumping of
inactive sites and all sites after rainfall [see paragraph 6b(2)(d)].

¢. Improve maintenance of sumps and sump covers [see paragraph
6b(2)(3)}.

d. Design all sump covers to prevent the collection of hydrogen or other
gases [see paragraph 6b(2)(b)].

¢. Collect, contain and treat wastes discharged from pot and vessel
cleaning operations [see paragraph 6c(2)].

f. 1Install adequate flow measurement equipment on treated and fire water
lines to control and identify consumption, see paragraph 6f.

9. CONSULTATION AND ASSISTANCE.

a. This Agency will provide further consultation and assistance in the
implementation of the recommendations made in this report upon request.
Requests for such assistance should be directed through appropriate channels
to Commander, USA Health Services Command, ATTN: HSPA-H, Ft Sam Houston, TX
78234, in accordance with paragraph 1-5, AR 40-5.

b. Technical consultation can be obtained informally by contacting the
Chief, Water Quality Engineering Division (AUTOVON 584-3845/3554).

13
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Al
ARMCOM
ARRCOM

B

Ba

Ca
CaCO3
Cd

Cl

cm
cm/sec
CoD
Co

Cr

Cu

F

ft

fFe
GOCO
GPD
gpcd
GPH

gpm

‘H

h

APPENDIX A

ABBREVIATIONS AND DEFINITIONS

aluminum

US Army Armament Command
US Army Armament Materiel Readiness Command (This organization
was formerly known as ARMCOM)
boron

barium

calcium

calcium carbonate

cadmium

chloride

centimeter

centimeters per second
chemical oxygen demand
cobalt

chromium

copper

fluoride

feet

iron

government owned contractor operated
gallons per day

gallons per capita per day
gallons per hour

gallons per minute
hydrogen

hours

hectares

mercury

nitric acid

sulfuric acid

inches

potassium

kilogram

kilometer

Longhorn Army Ammunition Plant
meter

cubic meters

magnesium

million gallons

million gallons per day
milligrams per liter
milliliter
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Mn

Mo

N

Na

ND

NH3-N
NOZ/NO3-N
NPDES

0
02
P
Pb
pH

ppm

S

Sb

S1
$109
S04

SP

Sr

STP
TDS
TGD
TKN
TOC

TP

TS

TSS

Ti
umho/cm
USAEHA

WTP
Zn
Zr

manganese
Molybdenum

nitrogen

sodium

Not detectable

ammonia nitrogen

nitrite and nitrate nitrogen
National Pollutant Discharge
Elimination System .
oxygen

oxygen gas

phosphorus

lead

Negative logarithm (base 10) of hydrogen
ion (H*) concentration

parts per million parts by weight
sul fur

tin

silicon

silicate

sulfate

sample point

strontium

sewage treatment plant

total dissolved solids

thousand gallons per day

total Kjeldahl nitrogen expressed as N
total organic carbon

total phosphorus

total solids

total suspended solids

titanium

micromhos per centimeter

US Army Environmental Hygicne Agency
tungsten

Water Treatment Plant

zinc

zirconium
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APPEWDIX B

Laboratory analyses as presented in
oy personnel of the &nvironmmental Ch

Tables 4 and 6 through 1u were perforaned
emistry Division of USAZHA,

)
f 0534'@&0\_
PETER FIARNU

Chenist
water and waste Chemistry sranch
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APPENDIX B
TABLE 1. DESCRIPTION OF SAMPLES AND SAMPLE POINT LOCATIONS
Sample Type
No. Ligquid Sediment Location
05 X Sump, Bldg P-1
06 X Sump, Bldg P-3 (w/air cleaner device)
07 X Sump, Bldg P-3
08 X Sump, Bldg P-11 (w/air cleaner device)
09 X Sump, Bldg B-10
10 X Sump, Bldg B-7
11 X Sump, Bldg 45-E, West Sump
12 X Sump, Bldg 45-E, Central Sump
13 X Sump, Bldg 45-E, East Sump
14 X Sump, Bldg 34-Y, Igniter Area
15 X Industrial Waste Pond, Composite of
3 grab samples
16 X Industrial Waste Pond, Composite of
3 grab samples
17 X Industrial Waste Pond, Composite of
3 grab samples
22 X Raw Water, Tap from Water Treatment Plant
23 X Caddo Lake @ Starr Ranch, background
24 X Harrison Bayou at county road off Rt 134
25 X Central Bayou, east of Igniter Area
26 X Harrison Bayou, east of Static Test Area
27 X Noxrth of Bayou at 59th Street
28 X Ditch Sample adjacent to pot-cleanup
across from Bldg B-11
-1 X Sump, Bldg 33G
P=2 X Stagnant Stream below burning ground area
P-3 X Cold water tap at Quality Assurance Lab
P-4 X Stream to North Bayou at Karnack Road
G05S X Same location as 05
Goé X Same location as 06
GO7 X Same location as 07
GOo8 X Same location as 08
G09 X Same location as 09
G10 X Same location as 10
Gll X Same location as 11
Gl2 X Same location as 12
Gl4 X Same location as 14
G1l8 X Industrial Waste Pond
Gl9 X Industrial Waste Pond
G20 X Industrial Waste Pond
G21 X Industrial Waste Pond
GP~-1 X Same location as P-1
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TABLE 3. STABILITY OF LIQUID SAMPLES AS INDICATED BY CHANGES IN pH,

pPH Stability
Tape At pPH Meter at
Sample No. Sample Point Agency High Low
05 6.5 3.8 X
06 5.5 7.0 X
07 6.0 6.8 X
08 7.0 7.1 X
09 7.0 4.4 X
10 8.0 9.6 X
11 6.0 2,7 X
12 6.0 3.9 X
14 8.0 7.1 X
15 6.5 4.0 X
16 6.5 4,1 X
17 6.5 4,1 X
22 6.4 6.5 X
23 6,7
24 6.2 6.9 X
25 6.0 6.6 X
26 6.0 3.1 X
27 6.0 3.3 X
28 6.0 2,6 X
P-~1 3.0 2,5 X
P=2 7.0 6.8 X
P-3 6.8
P-4 6.0 6.3 X
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TABLE 5. SUMMARY OF RESULTS FOR INDUSTRIAL WASTE SUMP SUPERNATANTS
Parameter* High Low Average
pH 9.6 2.5

Alkalinity 358 0 33
Acidity 147 0 53
Conductivity 68382 278 1320

TS 11962 157 2274

TDS 5950 133 1652

TS5 6012 6 621

UEH 1707 1 183

Cub 4153 20 503

roc 121 6 36

0il & Grease 383.7

Phenols .50 ND 17
NH3=N 21 ND 3.40
TKN 32 1.1 6.53
NO5/NO4=N 920 _ ND 178

e 1.4 ND .18
Cl 825 28 224

F .11 ND .01
S0y 230 ND 55

Al ND ND ND

B .09 ' ND .02
Ba 458 ND 200

Ca 69.4 5.6 19.5
Cd 029 .005 .014%
Co ND ND ND

Cu .U6U ND 132
Cr 1.143 ND 118
re 12,1 ND 1.76
dg .13 ND L0131
K ) 293 .90 47.7
Mg 165.7 1.35 21,44
oo ND ND ND

4n : 3.76 ND L4385
Na

Pb 1.41 A ND .18
So .94 ND .15
Si 23.38 2.6 10.9
Sr 06U ND 104.6
Ti ND ND ND

W ND ND ND

Zn 2.12 .112 .355
Zr ND ND ND

* All values expressed in
umho/cm.

mg/l except pH in units and conductivity in

B~7
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TABLE 7. DRAINAGE FROM BURNING GROUND AND POT CLEANUP AlEA

Sample Sample 23

p-2 Yot Cleanup
Parameter¥ Burning Ground Area
pr 7.5 2.6
Alkalinity as CaCujy 11l U
Acidity as CaCUj 11 176
Conductivity 366 1332
Ts 284 363
Los 268 34
I'ss 10 2384
VSss 14 232
Cop 26 Y]
1TUC 1o 5
Uil & Grease
Pnenols ND
e 5= .06 ND
I A0 .67
NO/NO3=H .49 D
e ND s
vl 30 165
K .16 wD
sS04 34 3
Al ND ND
B .12 nD
da 1.87 .88
Ca’ 13.u 1.y
Cd ND .006
co ND ND
L:U ND WD
cr U206 ND
re 1.u6 ' 1.46
Hg .00023 ND
(4 S5.74 .90
g 23.0 .76
1o ND WD
An LU32 077
Py D ND
5D ND D
Si 8.V 2.6
Sr .390 ND
T1 ~ND ND
W ND D
ia 149 .255
ir ND ND

* All values expressed in mg/l except piH in units and conductivity in

umho/cm.
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TABLE 8, ANALYTICAL RESULTS OF INDUSTRIAL WASTE POND SUPERNATANTS

. Sample
Parameter 15 16 17 Average
pH 4.0 4,1 4,1 4,1
Alkalinity 5 ) 5 5
Acidity 17 19 20 19
Conductivity 2886 2997 2886 2923
TS 2738 2724 2738 2733
TDS 2728 2710 260986 2711
TSS 10 14 42 22
VSS 10 10 11 10
CcoD 49 41 45 45
TOC 15 19 20 18
0il & Grease 1.3 ND 1.8 1.0
Phenols «20 022 «22 .22
NH3-N 6.5 6.4 6.2 6.4
TKN 7.9 8.2 7.9 8.0
NO7 /NO3~N 2.6 1.9 1.9 2.1
TP .09 .08 .08 .08
Cl 775 890 785 817
F .11 .11 .11 .11
SOy 20 20 30 23
Al ND ND ND ND
B .19 .30 .18 .22
Ba 20.7 19.5 20,3 20,2
Ca 17.4 16,7 16.8 17.0
cd .010 .010 012 011
Co ND ND ND ND
Cu .031 .032 ND 021
Cr ND ND ND ND
Fe 36 o717 .40 NCHR
Hg .0002 ND .00023 .00014
K 20.1 21,1 22,1 21,1
Mg 142.6 137.4 140.7 140,2
Mo ND ND ND ND
Mn 145 .149 .144 .145
Pb ND .27 ND .09
Sb ND .78 ND .26
Si ND ND ND ND
Sr 4.4° 4.45 . 4,58 4,51
Ti ND ND ND ND
W ND ND ND ND
Zn .036 .035 067 .046
Z2r ND ND ND ND
* A1l values expressed in mg/l except pH in units and conductivity in upmho/cm.
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